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1 1. INTRQDUCTIQN AND UALIFICATIQNS 
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Please state your name, business address, and position. 

My name is Rachel S. Wilson and I am an associate with Synapse Energy 

Economics, Inc. (Synapse). My business address is 485 Massachusetts Avenue, 

Suite 2, Cambridge, Massachusetts 02 139. 

Please describe Synapse Energy Economics. 

Synapse Energy Economics is a research and consulting firm specializing in 

energy and environmental issues, including electric generation, transmission and 

distribution system reliability, raternaking and rate design, electric industry 

restructuring and market power, electricity market prices, stranded costs, 

efficiency, renewable energy, environmental quality, and nuclear power. 

Synapse’s clients include state consumer advocates, public utilities commission 

staff, attorneys general, environmental organizations, federal government, and 

utilities. 

Please summarize your work experience and educational background. 

At Synapse, I conduct research and write testimony and publications that focus on 

a variety of issues relating to electric utilities, including: integrated resource 

planning; federal and state clean air policies; emissions from electricity 

generation; environmental compliance technologies, strategies, and costs; 

electrical system dispatch; and valuation of environmental externalities from 

power plants. 

I also perform modeling analyses of electric power systems. I am proficient in the 

use of spreadsheet analysis tools, as well as optimization and electricity dispatch 

models to conduct analyses of utility service territories and regional energy 

markets. I have direct experience running the Strategist, Prornod, ProsydMarket 

Analytics, and Plexos models, and have reviewed input and output data for a 

number of other industry models. 
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Prior to joining Synapse in 2008, I worked for the Analysis Group, Inc., an 

economic and business consulting firm, where I provided litigation support in the 

form of research and quantitative analyses on a variety of issues relating to the 

electric industry. 

I hold a Master of Environmental Management from Yale University and a 

Bachelor of Arts in Environment, Economics, and Politics from Claremont 

McKenna College in Claremont, California. 

A copy of my current resume is attached as Exhibit RSW- 1. 

On whose behalf are you testifying in this case? 

I am testifying on behalf of Sierra Club. 

Have you testified previously before the Kentucky Public Service 
Commission? 

Yes. On September 16,20 1 1, I filed direct testimony in the joint application of 

Kentucky IJtilities Company/Louisville Gas & Electric for Certificates of Public 

Convenience and Necessity (CPCN) in Case Numbers 20 1 1-001 6 1 and 20 1 1- 

001 62. I also filed direct testimony on March 12, 2012 in the application of 

Kentucky Power for CPCN in Case Number 20 1 1-0040 1. 

What is the purpose of your testimony? 

My testimony reviews the regulatory requirements and economic justifications of 

specific environmental retrofits made by Big Rivers Electric Corporation 

(“BREC” or the “Company”), for which capital recovery is requested in this case. 

I review the current and expected running costs of the Company’s coal-fired units, 

and compare these costs to different alternatives. I conclude that the Company’s 

economic justification for these environmental retrofits, in the form of its 

financial modeling analysis, did not consider a fill1 range of alternative 

compliance options and contained several flaws that bias its analysis in favor of 

installation of emission control retrofit projects. 
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S 
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7 

8 

lease identify the documents and filings on which you base your opinion 
regarding the Company’s analysis of the environmental compliance costs 
affecting its fleet of coal plants. 

In addition to the application, Company witness testimonies, and discovery 

responses in this case, I have reviewed the Sargent & Lundy input assumptions 

and calculations relating to environmental retrofit options, the PACE Global input 

and assumptions and resulting market prices, the ACES Planning and Risk model 

inputs and outputs, and the BREC financial modeling calculations. 

9 2. CONCLUSIONS AND OVERVIEW OF TESTIMONY 

10 Q 
11 Company’s request for CPCN? 

12 A 

13 

14 

1s 

16 

17 

18 

19 

20 

21 

22 

23 

24 

In your opinion, do the facts and evidence presented in this case support the 

No, they do not. There are a number of assumptions in the modeling presented by 

the Company in this docket that are incorrect, which bias the Company’s results 

in favor of the installation of pollution control retrofits and the continued 

operation of the BREC coal fleet. These include, but are not limited to: 1) 

modeling of only some of the controls expected for future regulatory compliance 

rather than the entire suite of anticipated controls; 2) a natural gas price forecast 

that is out-of-date and higher than current forecasts; 3) use of a carbon dioxide 

(CO2) emissions price in the determination of market energy prices, but not in unit 

running costs; 4) exclusion of ongoing capital expenditures and operating and 

maintenance (O&M) costs at each of the coal units; 5) failure to examine the 

forward going costs of each of the BREC units on an individual basis; and 6) 

failure to model any alternative options (e.g. natural gas combined-cycle (NGCC), 

energy market purchases, etc.) for comparison to the retrofit case. 

25 

26 

27 

28 

29 

Synapse created a cash flow model that calculates the forward going costs of each 

of the BREC units on a stand-alone basis, and discounts those costs to determine 

the total net present value revenue requirement (NPVRR) of the retrofits selected 

by the Company for each unit individually. The “Retrofit” option is then 

compared to a natural gas combined-cycle replacement option. 
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13 

Green 1 
Green 2 

14 

15 

16 

17 

( W 1 )  -18.53% 
(5213) -19.83% 

18 
19 
20 

Coleman 3 
Total 21 

(\IO?) -14.92% 
-15.73% \ 1 . 1 05  I 

The scenario used in our cash flow model represents what I believe is most likely 

to occur and includes the entire suite of pollution controls that are expected to 

bring the BREC coal units into compliance with both existing and expected U.S. 

Environmental Protection Agency (EPA) regulations. Second, it updates the 

Company’s natural gas price forecast and instead uses the 1J.S. Energy 

Information Administration’s (EIA) natural gas forecast from the 2012 Annzial 

Energy Ozitlook. Third, the COz emissions price used by BREC’s consultant 

PACE Global in modeling market energy prices is added in to the analysis of the 

future cost of operating BREC’s generating units, as are the ongoing capital 

expenditures and O&M costs at each of the units. NPVRR at each of the units is 

then calculated under these revised assumptions for the “Retrofit” option. We then 

compare these results to the NPVRR associated with a natural gas combined- 

cycle replacement option. 

The results of this case - the “Synapse Recommended Case” - are shown in Table 

1 (also in Exhibit RSW-2), below. These results indicate that all of the BREC coal 

units are uneconomic when compared to a natural gas replacement option and 

should be considered for retirement. 

Table 1. Comparison of Natural Gas Combined Cycle (NGCC) Replacement to BREC Unit 

Retrofits. Includes all pollution control retrofits, the AEO 2012 natural gas price forecast, 

and the PACE COz price forecast (millions 2012%). 

- 13.88% 

( \  107) 

Coleman 2 - 13.74% 

- I  __- - __ --- 
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2 

3 

The next sections of my testimony describe in more detail the errors that I believe 

were made by BREC in its modeling analysis and the scenarios modeled by 

Synapse in our cash flow analysis. 

4 3. CHARACTERISTICS OF UNITS THAT AFFECT THEIR RUNNING COSTS 

S Q 
6 their running costs. 

7 A 

8 

9 

Please describe the characteristics of electric generating units that affect 

Running costs of electric generating units are made up of two components - fixed 

and variable costs. Fixed costs include investment capital, property taxes, and 

fixed O&M expenses. Variable costs include fiiel costs, emissions costs, and 

10 variable O&M expenses. 

11 

12 

13 

14 

1s 

16 

17 

18 

19 

Characteristics unique to individual generating units affect their running costs, in 

particular generating unit size, age, heat rate, and installed pollution controls. TJnit 

heat rate is a measure of the efficiency of the plant, with lower heat rates 

indicating that a generating unit is converting heat input (in the form of fuel) to 

energy output at a more efficient rate. Heat rate is related to age, and tends to 

degrade over time as units get older. It is also related to size, as smaller units tend 

to operate less efficiently than larger units. Higher heat rates, indicating a lower 

efficiency, lead to increased file1 and emissions costs, and increase the running 

costs of a generating unit. 

20 

21 

22 age. 

As units get older, component parts degrade and require replacement. These 

replacements represent ongoing capital expenditures, which may increase as units 

23 

24 

2s 

26 

27 

28 

29 

Pollution control technologies affect the running cost of a unit in various ways. 

First, they require investment capital and increase the fixed costs at a unit in a 

given year. Size of the unit matters when installing pollution controls due to 

economies of scale; smaller units are more expensive to retrofit on a $/kW 

(dollar/kilowatt) basis. Emission control equipment requires electricity to run, 

lowering the net output of a generating unit, which is called “parasitic load,’’ 

meaning that the same h e 1  and emissions costs are incurred but result in less 

Direct Testimony of Rachel Wilson Page 5 



1 
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electricity output. Many emission controls also require the use of a reagent, the 

cost of which increases variable O&M. 

3 4. ENVIRONMENTAL, REQUIREMENTS FACING THE BREC COAL FLEET 

4 Q 
5 

6 A 

7 

8 

9 

10 

What are the recent and emerging EPA requirements with which the 
Company’s coal fleet will have to comply? 

The EPA has recently proposed a number of rules to protect human health and the 

environment. These rules are in various states of promulgation and, taken 

together, may have a significant economic implications for coal-fired generation. 

There are six rules that will have an effect on the coal-fired units in the United 

States, and the units in the B M C  fleet: 

11 A. Cross-States Air Pollution Rule (CSAPR) 

12 B. Mercury and Air Toxics Standards (MATS) 

13 C. National Ambient Air Quality Standards (NAAQS) 

14 D. Coal Combustion Residuals (CCR) 

15 E. Cooling Water Intake Rule (3 16(b)) 

16 F. Effluent limitation guidelines 

17 

18 

In addition, regulation of CO2 through federal legislation or EPA nxlemaking will 

have a significant impact on the economics of coal-fired units. 

19 Q 

20 A 

21 

22 

Were all of these rules described sufficiently in Company witness testimony? 

No. Company witness Thomas Shaw describes CSAPR, MATS, CCR, and 3 16(b) 

rules. He does not discuss the NAAQS or the Effluent Limitation Guidelines, nor 

does he discuss the possibility of a CO2 emissions allowance price. 

23 Q 

24 A 

25 

26 

Please briefly describe the purpose and impact of NAAQS. 

NAAQS set maximum air quality limitations that must be met at all locations 

across the nation. Compliance with the NAAQS can be determined through air 

quality monitoring stations, which are located in various cities throughout the 

Direct Testimony of Rachel Wilson Page 6 
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14 
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17 

18 

19 

20 

21 

22 

23 

24 

25 

U.S., or through air quality dispersion modeling. If, upon evaluation, states have 

areas found to be in “nonattainment” of a particular NAAQS, states are required 

to set enforceable requirements to reduce emissions from sources contributing to 

nonattainrnent such that the NAAQS are attained and maintained. EPA has 

established NAAQS for six pollutants: sulfur dioxide (SOz), nitrogen oxides 

(NO,,, carbon monoxide, ozone, particulate matter, and lead. EPA is required to 

periodically review and evaluate the need to strengthen the NAAQS if necessary 

to protect public health and welfare. For example, EPA is currently evaluating the 

NAAQS for ozone and particulate matter. Utilities are expecting new compliance 

requirements stemming from these anticipated NAAQS revisions as early as 

2016, but no later than 201 8. Sargent & Lundy confirms this in Table ES-3 of 

Exhibit DePriest-2, which lists a NAAQS compliance window of 2016-2018. 

Please briefly describe the purpose and impact of the expected Effluent 
Limitation Guidelines. 

Following a multi-year study of steam-generating units across the country, EPA 

found that coal-fired power plants are currently discharging a higher-than- 

expected level of toxic-weighted pollutants. Current effluent regulations were last 

updated in 1982 and do not reflect the changes that have occurred in the electric 

power industry over the last thirty years, and do not adequately manage the 

pollutants being discharged from coal-fired generating units. Coal ash ponds and 

flue gas desulfurization (FGD) systems used by such power plants are the source 

of a large portion of these pollutants, and are likely to increase in the future as 

environmental regulations are promulgated and pollution controls are installed. 

No new rule has yet been proposed, but EPA intends to issue the proposed 

regulation in November 2012 and a final rule in April 2014.’ New requirements 

’ See U S .  Environmental Protection Agency website. Accessed July 20, 2012. Available at: 
ht~://water.epa,gov/scitech/wastetech/guide/stea~-index.cfni 
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1 

2 

will be implemented in 2014-2019 through the 5-year National Pollutant 

Discharge Elimination System (NPDES) permit cycle.2 

3 Q  

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 Q 
19 

20 

21 

22 

23 

24 

Please describe the purpose and impact of regulation of emissions of C 

While there is not currently a federal law or proposed rulemaking requiring a 

control technology, cap-and-trade program, or tax on emissions of C02, 

discussions at the EPA and at the Congressional level are ongoing. The most 

recent legislative proposal to reduce emissions of C02 has taken the form of a 

Clean Energy Standard (CES), as introduced by Senator Bingaman on March 1, 

2012. A CES encourages the use of low-carbon power through the allocation of 

clean energy credits to those generation technologies that emit less C01, which 

generation owners would consider in their dispatch decisions. In Senator 

Bingaman’s bill, credits are determined based on individual power plant 

emissions and generating sources are given a certain number of credits based on 

their carbon profile, with lower emitting sources rewarded with a larger number 

of clean energy credits. In any given year, electric utilities would be required to 

hold a certain number of clean energy credits for a specific percentage of their 

sales. 

Have there been any third-party analyses that evaluate the economic effect of 
the rules listed above on the U.S. coal fleet? 

Yes, there have been several. The studies evaluate different combinations of the 

rules listed above. Study authors include the following organizations: 

A. Investment and research firms (Credit Suisse and Bernstein Research) 

B. Consulting firms (MJ Bradley, Charles River Associates, Brattle Group, 

and NERA Economic Consulting) 

’ See U.S. Environniental Protection Agency. Steam Electric ELG Rvlemaking. UMRA and Federalism 
Implications: Consultation Meeting. October 1 I ,  20 1 1 ”  
http://water.epa.gov/scitech/wastetech/guide/upload/Steam-Electric-ELG-Rulemaking-1JMR-and- 
Federalisni-Iniplications-Consultation-Meeting-Presentation.pdf 
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- 

Coal Retired (GW) 
Scenario Low High 

Estimate Estimate 
MATS 25 50 
MATS, CCR, 3 16(b) 30 60 
MATS, CCR, 3 16(b), COz 70 120 

S Q  
6 

7 

8 

9 

10 

11 

12 

13 

14 

1s 

16 

17 

18 

19 

20 

21 

22 

C. Government and industry groups (North American Electric Reliability 

Corporation (NERC)), Edison Electric Institute (EEI), Electric Power 

Research Institute (EPRI), TJ. S. Department of Energy, and Bipartisan 

Policy Center) 

Can you draw any conclusions about the effect of the EPA rules on coal 
economics based on the results of these studies? 

Yes. There are two very important conclusions that one can draw when looking at 

the results of these studies. The first is that the forward-going economics of the 

coal fleet changes based on the number of rules that are taken into consideration 

when doing the analysis. A coal unit might still be economic to run when retrofit 

with controls that would allow it to comply with CSAPR and MATS, but if costs 

for compliance with the CCR rule are added, the forward-going costs of that same 

unit may at that point be higher than a natural gas or market alternative. In a 20 10 

study presented by ICF Consulting for the Edisori Electric Institute (EEI) entitled 

EEI Preliminary Reference Case and Scenario Results, three scenarios are 

examined. The first looks at the effects of MATS, the second looks at the 

combined effect of MATS, CCR and 3 16(b), and the third scenario looks at the 

effects of those three rules with the addition of a COz emissions price. A copy of 

this study is provided as Exhibit RSW-3. 

Table 2, below, shows the number of expected gigawatts (GW) retired under the 

draft EPA rules as reported by ICF under the three scenarios. 

Table 2. Coal Retirements in the ICF/EEI Analysis. 

23 

24 

2s 

As seen in Table 2, when regulations are examined in Combination rather than 

independently, the effect on coal unit retirements is greater. The high estimate 
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Scenario 
Gas Plus $2 
Gas Plus $1 
Reference 
Gas Minus $1 
Gas Minus $2 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1s 

Coal Retired/Refueled 
(GW) 

30 
50 
57 
75 

120 

16 

17 

18 

19 

20 

21 

22 

23 

24 

goes up by 10 GW when CCR and 3 16(b) are considered along with MATS. That 

estimate doubles with the addition of C02 regulation. As costs of emission control 

retrofits are compounded to comply with the EPA rules, the forward-going costs 

of running previously cost-effective coal units increase to the point at which they 

are uneconomic when compared to replacement options. 

The second conclusion that one can draw when reviewing these studies is that 

lower natural gas prices lead to more coal retirements. As natural gas prices fall, 

the costs of operating natural gas-fired replacement generation decline, causing 

natural gas replacement capacity to look more favorable when compared to coal 

units with installed emission controls. EPRI’s 2012 study, entitled Analysis of 

Current and Pending EPA Regzrlations on the US. Electric Sector evaluates the 

number of coal retirements/repowerings resulting from the combination of the 

CSAPR, MATS, ozone and haze, SO2 NAAQS, CCR, and 3 16(b) rules at five 

different forecasts of natural gas prices. A copy of this study is provided as 

Exhibit RS W-4. 

Table 3, below, shows the number of coal retirements/repowerings that might be 

expected at each natural gas forecast. EPRI’s Reference case natural gas price 

forecast begins at approximately $5.9O/mmBtu in 20 10 and rises to approximately 

$7.30/mmBtu in 2035 (2009$). 

Table 3. Coal RetirementdRepowerings in EPRI’s 2012 Analysis. 

As shown in Table 3, a lowering of the natural gas forecast has a more dramatic 

effect on the number of coal retirements/repowerings than does an increase in the 

natural gas price forecast. The Gas Plus $2 scenario causes the number of 
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2 

3 

4 

5 

6 

7 result of EPA rules. 

retirernentshepowerings to drop by 27 GW from the Reference case, while the 

Gas Minus $2 scenario increase coal retirements/repowerings by 63 GW. 

Similarly, the Gas Plus $1 scenario causes the number of retirementshepowerings 

to drop by 7 GW from the Reference case, while the Gas Minus $1 scenario 

increase coal retirementshepowerings by 18 GW. Natural gas price is therefore a 

significant determinant of the number of coal plant retirements that will occur as a 

8 5. EFFECT OF EPA REGULATIONS ON BREC UNITS 

9 Q Which of the EPA regulations were considered by BREC when the Company 
determined which environmental retrofits were necessary to install on its 

In the 2012 Environmental Compliance Plan submitted in this docket, BREC 

plans to install environmental retrofits that would bring its coal-fired units into 

compliance with CSAPR and MATS only. Sargent & Lxndy made 

recommendations for technologies intended to also bring the units into 

compliance with the NAAQS revisions, the CCR, 3 16(b), and Effluent rules, but 

these recommendations were ignored by BREC in its analysis. 

10 
11 units? 

12 A 

13 

14 

15 

16 

17 

18 Q 
19 

20 A 

21 

22 

23 

24 

25 

26 

27 

28 

Do you agree with the Company’s assessment of CSAPR and the control 
technologies needed to bring its units into compliance with the rule? 

Yes, generally. I do have some issues of concern, however. First, according to 

page 9 of Mr. Berry’s direct testimony, BREC is assuming that the new FGD 

system that it intends to install at the Wilson unit will have 99% SO2 removal 

efficiency, but in Response to Data Request Sierra Club 2-23a, the Company 

states that it’s the overall control efficiency included in its permit application is 

98%. The Wilson plant is able to meet its CSAPR SO2 limits, but the Company 

may be assuming that the extra 1 % in control efficiency may result in additional 

allowances that could be used at another one of its units, and if control efficiency 

of 98% occurs, these bonus allowances may not materialize. 
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10 

11 

12 

13 

14 

15 

16 

17 Q 
18 

19 A 

20 

21 

22 

23 

24 

25 

26 

Additionally, Sargent & Lmdy recommended advanced low NO, burners at the 

Coleman units, as shown on page 15 of the direct testimony of Mr. DePriest, in 

order to provide RREC with a degree of margin in its NO, compliance strategy 

and to reduce the NO, burden until the selective catalytic reduction technology 

(SCR) at Green comes online in 201 5. Advanced low NOx burners could be 

installed at a capital cost of $5.94 million per unit, according the Sargent & L,undy 

workbook entitled “Capital and O&M.xls,” provided by the Company on June 14 

as part of the folder entitled “Sargent and L,undy Production to Rig Rivers.” 

BREC elected not to install the advanced low NO, burners, and instead plans to 

rely on the allowance market. There is some degree of risk involved in reliance on 

the allowance market, as the availability of allowances depends on whether or not 

other utilities install control technologies that gives them the ability to sell excess 

allowances into the market. It also assumes that these allowances will be available 

at a reasonable price. Historically, allowances of SO2 and NO, have been subject 

to some price volatility3 and it is possible that hture prices may rise above what 

BREC has estimated for future compliance. 

Do you agree with the Company’s assessment of MATS and the control 
technologies needed to bring its units into compliance with the standards? 

No. The Company provided “limited available stack test data”4 to Sargent & 

Lundy, and this data was used by S&L, to develop the MATS compliance 

recommendations. In the Company’s Response to Sierra Club Data Request 1-36, 

BREC states that the stack test was performed at operational loads with pollution 

control equipment in service. A single stack test, however, represents nothing 

more than a snapshot, often taken under optimal operating conditions, that tells 

little about the emissions from that unit when the stack test is not occurring. This 

is especially true during periods of startup and shutdown, when control equipment 

See IJS. Environmental Protection Agency. Allowance Market Assessmerit: A Closer Look at the Two 
Biggest Price Changes in Federal SO2 and NO, Allowance Markets. White Paper. April 23,2009. 
Available at: http://www.epa.gov/ainnarkt/resource/docs/marketassesslnnt.pdf 

Exhibit DePriest-2. Page 2-4. 
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7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

may not be fully operational. Emissions, therefore, are likely higher than indicated 

by the stack test. Installation of Continuous Emissions Monitors (CEMs) would 

determine whether or not the limited stack test data is truly representative of unit 

emissions. 

On page 28, lines 7 -  18 of Mr. DePriest’s testimony and on page 4- 12 of Exhibit 

DePriest-2, it is stated that retrofitting the BREC units with ACI andor DSI 

technologies for MATS compliance will lead to additional loading of particulate 

matter, and upgrades of existing electro static precipitators (ESPs) may be 

required for units to remain in compliance with the rule. BREC has yet to conduct 

the testing necessary to determine if ESP upgrades are necessary. As the 

Company states in its Response to Sierra Club Data Request 2- 10, if these 

upgrades are required, BREC would return to the Commission in early 201 3 to 

seek CPCN and rate recovery for these controls. It is possible that installation of 

the combination of ACI, DSI and ESP upgrades may still not bring some or all of 

BREC’s units into compliance with MATS. As the Company states in its 

Response to Sierra Club Data Request 2-10, it would then evaluate polishing 

baghouse (and full baghouse technologies, if necessary) retrofits, and would again 

return to seek CPCN and rate recovery in early 20 13. 

In its workbook entitled “Capital and O&M.xls,” provided by the Company on 

June 14 as part of the folder entitled “Sargent and L,undy Production to Big 

Rivers,” Sargent & Lundy gives the capital and annual O&M costs for the ESP 

upgrades that are shown in Table 4, below. 
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1 

Coleman IJnit 1 

Table 4. Estimated Capital and Annual O&M Costs for ESP Upgrades. 

Capital Cost ($M) Annual O&M ($M) 
2.72 0.09 

6 

Coleman TJnit 2 
Coleman TJnit 3 

7 

2.72 0.09 
2.72 0.09 

Wilson Unit 1 
Green IJnit 1 

2.5 
Green IJnit 2 
HMP&L, IJnit 1 

Sargent & Lundy also gave capital cost estimates for baghouse technologies, 

shown on page 5-5 of Exhibit DePriest-2, if they were to be required. Those 

estimates are shown in Table 5.  

Table 5. Estimated Capital Costs for Baghouse Technologies. 

7- I Perunitcapital I 
cost ($M) 

Green 1/2 
HMPL 1/2 

8 Q 
9 

Do you agree with the Company’s assessment of the NAAQS revisions and 
the control technologies needed to bring its units into compliance with the 

No. In Table ES-2 of Exhibit DePriest-2, Sargent & Lundy presents a table of 

recommended NAAQS compliance retrofits, including an SCR at Unit 1 of the 

R.D. Green plant. BREC, however, chose to leave this SCR out of its 2012 

Environmental Compliance Plan. The Company states in its Response to Sierra 

Club Data Request 2-7 that it expects that the ozone NAAQS will be finalized in 

2013 and that states will be given three years from that date to comply with the 

revised limits. Thus, compliance with the revised NAAQS could occur as early as 

2016. On page 19, lines 18-21 of Mr. Berry’s direct testimony, he states that the 

expected in-service date of the SCR at Green 2 is July 1,201 5. Depending on 

when in 2013 the NAAQS revisions are finalized, the Company may return to this 

Commission as early as six months from now to seek CPCN and rate recovery for 

an SCR at Green 1 to comply with these rules. Given the recommendation from 

10 expected standards? 

11 A 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
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22 

23 
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26 

27 

Sargent & L,undy as well as the time frame for compliance, BREC should 

certainly include this additional SCR at Green 1 in its Environmental Compliance 

Plan and current financial analysis. In its workbook entitled “Capital and 

O&M.xls,” provided by the Company on June 14 as part of the folder entitled 

“Sargent and L,undy Production to Big Rivers,” Sargent & Lundy states that the 

capital cost of the SCR is $8 1 niillion and O&M costs are $2.16 million annually. 

o you agree with the Company’s assessment of the CCR rule and the 
control technologies needed to bring its units into compliance with the 
expected standards? 

No, as BREC does not include the compliance options associated with the 

expected rule in its financial analysis. Mr. Shaw states on page 19 of his direct 

testimony that “the alternatives under consideration by the EPA are of such 

substantially different form that Big Rivers believes an immediate response to the 

proposal would not be appropriate.” However, BREC does have some expectation 

of what compliance under the CCR rule might look like for its units. In the BREC 

presentation of its 20 12 Environmental Compliance Plan at the Kenergy Board 

Meeting on May 8,2012 (provided in Response to Sierra Club Data Request 1- 

S7), slide 17 states that BREC is “not expecting the worst case.” 

BREC also has recommendations from Sargent & Lundy about the retrofits that 

might be expected for compliance. The Company need not move forward with 

plans to retrofit its units in order to comply with the CCR rule at this time, but it 

should include some assumption about expected costs of the nxle in its financial 

analysis. In its workbook entitled “Capital and O&M.xls,” provided by the 

Company on June 14 as part of the folder entitled “Sargent and L,undy Production 

to Big Rivers,” Sargent & Lundy gives the capital costs for CCR compliance that 

are shown in Table 6, below. 
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S&L RecommendedTech 

Dry Bottom Conversion - Reinote SSC & Fly 
Ash Conversion to Dry Pneumatic 

Coleinan IJnit 1 
Coleman IJnit 2 
Coleman Unit 3 

Table 6. Estimated Capital Costs for CCR Compliance Technologies. 

Capital Cost ($M) 

38 
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3 Q  
4 
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16 

17 

18 

19 

20 

21 

22 

 enu unit I 1 I 
Green Unit 2 
M P & L  IJnit 1 
HMP&L. IJnit 2 

Dry Bottom Conversion -Remote SSC 

Dry Bottom Conversion - Reinote SSC 

Do you agree with the Company’s assessment of the 316(b) rule and the 
control technologies needed to bring its units into compliance with the 
expected standards? 

No, as BREC does not include the compliance options associated with the 

expected rule in its financial analysis. Again, Mr. Shaw states on page 20 of his 

direct testimony that “the alternatives described in this proposal are of such 

substantially different form that Big Rivers believes an immediate response to the 

proposal would not be appropriate.” On slide 16 of that same May 8,2012 

presentation to the Kenergy Board, B E C  states that the 3 16(b) rules could 

require a cooling tower at Coleman and modifications for intake structures at 

ReidHMPL. Sargent & L,undy’s recommendations for compliance are less 

stringent than these. On page 6-8 of Exhibit DePriest-2, Sargent & Lundy states 

that the intake screens at Coleman and Sebree are inadequate and recommends 

rotating circular intake screens with fish pumps to meet the expected 

impingement mortality reductions. BREC should, at a minimum, include the costs 

associated with these recommendations in its financial modeling. In its workbook 

entitled “Capital and O&M.xls,” provided by the Company on June 14 as part of 

the folder entitled “Sargent and L,undy Production to Big Rivers,” Sargent & 

Lundy gives the capital and annual O&M costs for 3 16(b) compliance that are 

shown in Table 7, below. 
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316(b) 
Coleinan IJnit 1 
Coleman Unit 2 
Coleinan Unit 3 

Table 7. Estimated Capital Costs for CCR Compliance Technologies. 

S&L, Recoininended Tech Capital Cost ($M) Annual O&M ($M) 
Replacement Intake Screen 1.33 0.2s 
Replacement Intake Screen 1.33 0.25 
Replacement Intake Screen 1.33 0.25 

2 

3 
4 
5 
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10 
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13 
14 
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16 

17 

18 

19 

20 

21 

22 

23 

Q 

A 

Q 

A 

I x  

Green Unit 1 
Green Unit 2 

~ ~ ~ ~ e p l a c e i n e n t  HMP&L.IJnit 1 Intake Screen 

Reid Unit RT 

2.0s 

Do you agree with the Company’s assessment of the Effluent Limitations 
Guidelines and the control technologies needed to bring its units into 
compliance with the expected standards? 

No, as BREC does not include the compliance options associated with the 

expected rule in its financial analysis. On page 2-9 of Exhibit DePriest-2, Sargent 

& Lundy states that for the Coleman, Wilson, and Sebree units, “it may become 

necessary to install advanced wastewater treatmenthemoval systems for mercury 

and other metals.” An estimate of potential costs of advanced wastewater 

treatment and removal should have been provided, and BREC should have 

included these costs in its financial modeling. 

Do you agree that an emissions price for COz should have been omitted from 
the BREC financial analysis? 

No. At a minimum, the presence of a C02 emissions price in the PACE Global 

output energy prices should have led the Company to also include a C02 price in 

the dispatch of its units in the ACES Planning and Risk (PaR) modeling, and in its 

financial modeling calculations. 

While the future of C02 regulations is still somewhat unknown, an emissions 

allowance price, when it begins, will have a significant effect on coal-fired 

generation. Other utilities are planning for this by including a COz allowance 

price in their optimization and dispatch modeling. Synapse has collected 2 1 

different utility IRP and CPCN docket documents from 201 0-201 2 from utilities 

l _ l  
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10 

11 

operating across the US. Nineteen of those utilities assume a price per ton for 

C02, and all but three of those reference C02 price forecasts are higher than the 

forecast used by PACE Global in its modeling. Figure 1 shows the range of utility 

forecasts as compared to the PACE Global forecast. The utilities included in this 

Figure are listed in Exhibit RSW-5. 

[CONFIDENTIAL F I G m  REMOVED] 
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13 

14 

15 

16 

17 

18 

19 6. DESCRIPTION OF COMPANY MODELING 

20 Q 

2 1 A 

22 

23 

24 

25 technologies. 

Please describe the modeling methods used by BREC in this docket. 

It is my understanding that three different modeling methodologies were used to 

support the BREC analysis. First, PACE Global used the Aurora model to 

determine hourly energy prices using input forecasts of coal prices, natural gas 

prices, C02 emissions, load, and capital costs for CC, CT, and wind generation 
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6 

Those hourly energy prices were then given to ACES Power Marketing for use in 

production cost modeling using the PaR model. ACES did not use an input COz 

emissions price in its dispatch when running the PaR model. Outputs from ACES 

production cost modeling included unit generation, capacity factor, fuel used and 

cost, emissions and emissions cost, and variable O&M. The PaR model also 

output wholesale market purchases and off-system sales. 

7 

8 

9 

10 

11 

12 

13 

14 

BREC took the unit and system outputs from the ACES inodeling and used them 

as inputs in its own spreadsheet financial model. The financial model calculates 

the NPVRR by first summing the production costs in a given year (start-up costs, 

fuel costs, costs for reagents, allowance purchases, purchased power, and off- 

system sales) with the fixed cost of capital in a given year (debt service, debt 

issuance cost, property tax, property insurance, and labor) to arrive at the revenue 

requirements in each of the years in the study period. The net present value of this 

stream of revenue requirements was then calculated. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

BREC used this financial modeling methodology to calculate an NPVRR for three 

different scenarios: I )  a “Build” case, in which all of the emission control 

technologies deemed necessary for compliance with CSAPR and MATS are 

installed on the BREC units; 2) the “Partial Build” case, in which the same set of 

emission controls are installed as in the “Build” case, with the exception of the 

SCR on Green Unit 2; and 3) the “Buy” case, in which only MATS emission 

controls are installed, unit generation is curtailed to meet the CSAPR emissions 

limits, and power is purchased in the wholesale market to meet the remaining 

electricity demand. 

24 7. CONCERNS WITH THE BREC FINANCIAL MODELING INPUT ASSUMPTIONS 

25 Q 

26 A 

27 

28 

29 

Did you identify any problems with the Company’s financial modeling? 

Yes, I have five major areas of concern with the BREC financial modeling. The 

first area of concern is that several of the Company’s input assumptions are 

flawed, which I will address in this section. The remaining four areas of concern 

will be addressed in the next section. 
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Which of the Company’s input assumptions do you believe are flawed? 

I believe that several of the Company’s input assumptions are flawed, including: 

3 A. The load forecast, which does not include the effects of DSM; 

4 B. The input natural gas price forecast from the PACE Global modeling; 

5 

6 

7 

C. The use of a COz emissions price to determine the energy market prices in 

the PACE Global modeling, but leaving it out of the ACES production 

cost modeling and the dispatch of generating units; 

8 

9 of inflated market prices; 

D. The resulting output energy prices from the PACE Global modeling/Use 

10 

I 1  

E. The assumption that capacity, heat rates, forced outages, and availability 

factors stay constant over time; 

12 

13 BREC financial modeling. 

F. The use of both real and nominal dollars in calculations of NPVRR in the 

14 A. LOAD FORECAST 

15 Q 

16 A 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Why do you believe the load forecast used in the BREC analysis is incorrect? 

In its Response to Sierra Club Data Request 2-27, the Company essentially admits 

that its load forecast is overstated because it fails to account for various demand 

side management (DSM) efforts. In part c, subpart iv of the response, BREC 

states that the savings from energy efficiency programs that are currently being 

implemented in 2012 are not included in the load forecast used in its analysis. 

While level of participation and actual impacts are currently unknown, the 

Company should at the very least include a conservative estimate of the impacts 

of energy efficiency, or include a “low load” sensitivity analysis that reflects these 

impacts. The Company goes on to say in part c, subpart v, that the load forecast 

also does not explicitly include projected impacts of federal efficiency standards 

or programs, but only indirectly includes them to the extent they impact historical 

load data and economic forecast data. Overstating the load would likely cause the 
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BREC units to run more often than they otherwise would in the production 

simulation modeling, possibly improving the economics of those units as they are 

subject to fewer starts and less unit cycling. It might also lead to an overestimate 

of the size of any replacement energy needed if the coal units were to retire, either 

in the forrn of a NGCC replacement options, or market energy replacement. 

B. NATURAL GAS PRICE FORECAST 

Why do you believe the natural gas price forecast used by PACE Global is 
incorrect? 

The natural gas price forecast used by PACE Global to develop market energy 

prices appears to be higher than other natural gas prices developed in 201 1 and 

2012. Figure 2 shows the PACE forecast compared to the EIA’s natural gas price 

forecast from its Annual Enelegy Outlook for the years 20 10,20 1 1, and 201 2. 

[CONFIDENTIAL FIGURE REMOVED] 
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While the EIA forecast from 2010 is higher than the forecast fiom PACE Global, 

the forecasts from 201 1 and 2012 are both lower than that used by PACE in its 

modeling. 

In the near term, even the AEO 2012 natural gas price forecast is too high. The 

natural gas price at Henry Hub has been less than $3/mmBtu for all of 2012 thus 

far, as shown in Figure 3, below. 

Figure 3. Natural gas spot prices at Henry Hub ($/mmBtu): 

Sources indicate that the drop in forecasts for both short and long-term natural gas 

prices represent a fundamental shift in the industry rather than a temporary 

anomaly, and are a result of recent growth in natural gas production due to shale 

gas and the related sale of natural gas liquids. In EPA’s proposed New Source 

Performance Standards rule, the agency states that “technological developments 

and discoveries of abundant natural gas reserves have caused natural gas prices to 

U.S. Energy Infomiation Administration. Natural Gas Weekly IJpdate. For week ending July 1 1,201 1. 
Accessed July 18,2012. Available at: http://205.254.135.7/naturalgas/weekly/ 
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decline precipitously in recent years and have secured those relatively low prices 
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26 A 

27 

C. COz EMISSIONS PRICE FORECAST 

How was a COz emissions price used in the modeling performed in this 
docket? 

In its determination of hourly market prices, one of the inputs used by PACE 

Global was a COZ emissions price beginning in 20 1 8. In the 200 Aurora iterations 

run by PACE, that COz price was applied at varying levels in any given year to 

the emissions from all of the coal and natural gas generating units in MISO, 

raising the variable costs of operation accordingly, and thus raising the hourly 

bids of each generator into the MISO market. PACE’S hourly energy prices are in 

fact the market clearing price in a given hour. All generator bid prices and 

associated generation are stacked from lowest to highest cost, and the market 

clearing price is the price of the last generator needed to meet the forecasted load 

in a given hour. 

Those output market energy prices were then given to ACES for use in the PaR 

model, which dispatches each of the generating units on an hourly basis and 

calculates the resulting production costs. A CO:! price is one of the variables that 

can be included as an operating cost of a generating unit, and if it is present, will 

affect the dispatch of that unit. It is my understanding, confirmed in the 

Company’s Response to Sierra Club Data Request 3-1 7, that in the production 

cost runs produced by ACES and used by BREC in its financial modeling, a CO:! 

emissions price was present in the market prices against which the generating 

units were dispatched, but was not present in the costs of generation at each unit. 

Is this an appropriate way to account for likely future cost of COz emissions? 

No. Because a CO:! price was included in the PACE output market prices, it also 

should have been included in the ACES production cost modeling. 

77 Fed. Reg. 22,392,22,394-22,395 (April 13,2012) 
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Why should a COZ emissions price be used in both the ACE modeling and 
the ACES production cost modeling? 

In the ACES production cost modeling, the C0z price has exerted an upward 

effect on market prices, but because the C0z price is not incorporated in the 

generating units’ nxnning costs, the units appear comparatively less expensive to 

run and thus run more hours of the day than they would otherwise. 

D. MARKET ENERGY PRICES 

Why are market energy prices important in this analysis? 

Market energy prices are important for three reasons. First, because BREC bids its 

generation into the MIS0 market, the market energy prices have an effect on the 

units’ dispatch. The higher the market prices, the more electricity output the 

BREC units will produce. Secondly, the market energy prices affect the “Buy” 

case that the Company modeled. BREC retrofits its units to comply with MATS, 

runs the units only enough SO that they remain in compliance with CSAPR 

emissions limits, and buys the remainder of the energy necessary to meet load 

from the market. The higher the market prices in the “Buy” case, the more 

expensive the option. Third, market energy prices affect the calculation of a 

market replacement option, where one or more coal units retire and the generation 

from those units is replaced with market energy purchases. 

In other cases that have come before this Commission in the past year, both 
utilities and intervenors have done a calculation of the costs of a market 
replacement option. Why did you not present this calculation in your 
analysis? 

I attempted to present a calculation of the costs of a market replacement option 

using the PACE energy prices, but in doing so, found that it always resulted in 

higher costs than that of an NGCC replacement option. In my experience in the 

past year, utility evaluations of a market replacement option have almost always 

resulted in a lower NPVRR than the NGCC replacement. The fact that in this 

case, the market option was coming out much higher indicated to me that the 

market price forecast was inaccurate. 
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Do you have any other reason to believe that the output market prices from 
the PACE Global modeling are incorrect? 

Yes. Coal and natural gas are typically the fuel types that are on the margin in any 

given hour in MISO. Thus fuel price has an effect on the market price, as does a 

CO2 emissions price in later years. TJsing the Aurora output provided by PACE, 

one is able to remove the effect of the natural gas price and CO2 emissions price 

on the hourly market price forecast. Removing these effects leaves you with the 

marginal emissions rate for the generating unit that is on the margin in a given 

hour. Coal-fired generators have a marginal emissions rate of about 1 .O - 1.1 tons 

CO2/MWh. Natural gas-fired generators have a marginal emissions rate of about 

0.6 - 0.7 tons CO2/MW1. When the effects of natural gas and CO2 prices were 

removed for the PACE forecast of market prices, the results suggested a marginal 

emissions rate of 1.8 tons CO2/MWh (megawatt hour) in later years, which is not 

indicative of any type of generating unit that I know to be on the margin. 

1s E. CAPACITY, HEAT RATE, FORCED OUTAGES, AND AVAILABILITY 

16 Q 
17 time? 

18 A 

19 

What does BREC assume in its modeling about the capacity of its units over 

BREC assumes that the capacity of its units stays constant. On page 24 of his 

direct testimony, Mr. Berry states that “the S&L, study did not include calculating 

20 actual auxiliary power consumption for the recommended compliance strategies. 

21 Q 

22 A 

23 

24 

25 

26 

27 to serve load. 

Is it correct for BREC to assume a constant capacity rating over time? 

No. Pollution control technologies require electricity to run. A portion of the 

electricity generated at a unit thus will go toward providing that electricity to run 

its emissions controls. This is known as parasitic load, and typically results in a 

capacity derating of a particular unit. This derating is important because it means 

that a smaller number of megawatts (MW) is then available to provide electricity 
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C assume in its modeling about unit heat rates over time? 

In its Response to Sierra Club Data Request 2-5 part e, the Company states that it 

expects that unit heat rates will stay constant over time. 

1s it correct for B 

No. Heat rates often vary over time as generating unit component parts degrade 

and are replaced. Heat rates might be expected to rise gradually (units become 

less efficient) as components age, and then drop slightly when those aging parts 

are replaced (unit efficiency increases). Heat rate is important because it reflects 

the efficiency at which the generating unit converts fuel into electricity. A decline 

in unit heat rate over time means that it is producing fewer megawatt hours 

(MWh) of electricity over that period. 

C to assume a constant heat rate over time? 

What does BW,C assume in its modeling about unit forced outages and 
availability over time? 

In its Response to Sierra Club Data Request 2-5 parts a-d, the Company states that 

it expects that unit forced outages and availability will stay constant over time. 

Is it correct for BREC to assume constant forced outages and availability 
over time? 

No. In its Response to PSC 2-5, BREC gives the historic availability of its units 

over the past five years. Availability varies from unit-to-unit and from year-to- 

year due to the number of outages in any given year. Unit outages can be planned, 

as when a unit undergoes routine maintenance or is taken offline for pollution 

control installations, or unplanned, as when a component part fails unexpectedly. 

Availability is the amount of time a generating unit is able to produce electricity 

in a given period. Outages might increase as units age, or as they require 

additional equipment replacement or retrofit, which would lead to a decrease in 

availability. Outages and availability are important because if a plant is offline, it 

is unable to generate electricity. 
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1 F. REAL VERSUS NOMINAL, 

2 Q  
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C financial modeling use both real and nominal dollars? 

Yes. The estimates of emission control capital and O&M costs developed by 

Sargent & Lundy are presented in Exhibit DePriest-2 in 201 1 dollars. The PaR 

model used by ACES outputs the generation and operating costs for each of the 

BREC units in nominal dollars. The BREC financial modeling uses each of these 

values without converting them to the same base year dollars. 

8 Q  

9 A  
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20 

Why is this incorrect? 

BREC uses a discount rate of 7.93%, which I assume is a nominal discount rate 

and implies that the analysis was done in nominal dollars. Unit operating costs 

output by the PaR model are included in the BREC financial modeling in nominal 

dollars, which account for the effects of inflation over time. Estimates from 

Sargent & L,undy are in real 201 1 dollars, and do not contain any effects of 

inflation. BREC does not spend all of the capital required for the emissions 

retrofits in 201 I ,  but rather incurs it over time at some future start date. These 

20 1 1 dollar estimates should thus be multiplied by an inflation rate in order to 

determine how much an investment incurred in a future year will cost in that 

year’s dollars. BREC does not convert these capital expenditures incurred in a 

future year into that future year’s dollars. These capital expenditures are thus 

understated in the BREC financial modeling. 

2 1 8. ADDITIONAL CONCERNS WITH THE BW,C FINANCIAL MODELING 

22 Q 

23 A 

24 

25 

26 

27 

28 

Please describe your additional concerns with the BREC financial modeling. 

My additional concerns with the financial modeling include the following: 1) that 

BREC does not model the fiill set of controls that will be required under the EPA 

rules; 2) that BREC does not model its units individually, but rather as a block, 

choosing to retrofit all of the units together rather than examining the economics 

of each unit on a standalone basis; 3 )  that the BREC financial modeling evaluates 

a selection of future costs associated with the retrofits rather than the actual 

Direct Testimony of Rachel Wilson Page 27 



1 

2 

forward going running costs of the units; and 4) that BREC does not model the 

emission control retrofits against a reasonable set of alternative options, including 
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but not limited to: a natural gas-fired combustion turbine or combined cycle 

replacement, a replacement with market purchases, or a replacement with some 

combination of energy efficiency, renewables resources, natural gas units, and 

market purchases. I will address each of these concerns in turn. 

Please explain what you mean when you say that RREC does not model the 
full set of controls required under the EPA rules. 

BREC models only the emission control retrofits that will be required under 

CSAPR and MATS, and includes only a subset of the controls recornmended by 

Sargent & Lundy to comply with these rules. In addition to those technologies 

chosen by the Company, Mr. DePriest states on page 20, lines 9-16 that Sargent & 

Lundy recommended low NO, burners on Coleman units 1-3 for CSAPR 

compliance. As I mention above, in section 5 of my testimony, it is possible, and 

even likely, that one or more of the BREC units will require additional retrofits to 

comply with MATS, whether in the form of ESP upgrades, a polishing baghouse, 

or a full baghouse. 

In addition, Mr. Shaw and Mr. DePriest state in their direct testimonies that 

BREC will also be subject to the NAAQS revisions, the CCR rule, the Water 

Intake (3 16(b)) rule, and new limits on effluent. While the rules have yet to be 

finalized, BREC expects that capital expenditures will be necessary to bring their 

units into compliance. On page 19, lines 12-19 and page 20, lines 20-22 in the 

direct testimony of Thomas Shaw, Mr. Shaw states that the alternatives under 

consideration by the EPA for both the CCR and 3 16(b) rules are of such 

substantially different form that “an immediate response to the proposal would 

not be appropriate.” It is correct that the Company cannot be expected to seek 

CPCN and begin construction of environmental projects before knowing what is 

required by the final rules. However, Sargent & Lundy rnade recornmendations 

for those retrofits that it believes will bring the units into compliance with each of 

the rules in their expected final form. BREC could have easily incorporated those 
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recommended capital expenditures associated with Sargent & Lundy’s 

recommendations into an economic analysis of its coal-fired units. BREC uses a 

20 year planning horizon, and to assume that these upcoming rules will have no 

effect on the capital expenditures or running costs at its coal units is unrealistic 

and favors a retrofit scenario. 

As I mention above, third-party analyses of the EPA rules predict more coal 

retirements when all of the rules are considered together, as the cumulative capital 

additions cause the running costs of additional generating units to be higher than 

costs of a natural gas or market replacement option. Once BREC makes capital 

investments for the emission controls necessary for compliance with CSAPR and 

MATS, those costs are sunk and are no longer considered in the calculation of the 

units’ forward going running costs when additional emission control retrofits are 

considered. By looking at the EPA regulations on a piecemeal basis as they 

become final, BREC is not considering the real forward economics of its coal 

units. 

Please explain what you mean when you say that BREC models its units as a 
block and not individually. 

Compliance with CSAPR allows for allowance trading, with units that are not 

able to meet their emissions limits able to purchase SO;! and NO, allowances from 

the market. BREC models emissions compliance based on total fleet emissions, 

rather than installing retrofits such that each unit meets its individual emissions 

limit. This is an acceptable modeling practice. 

When considering actual running costs of coal unit, however, it is not acceptable 

to model the BREC coal fleet as a whole instead of modeling each unit on a 

standalone basis. Ji,arger, more efficient units may be less expensive and thus 

more economic to run, while smaller, less efficient units may be clearly 

uneconomic to run. Modeling the units individually would reveal this difference 

in running costs between the units. Modeling the units as a block would likely 

mask this difference, as the efficiencies of the larger unit would compensate 

somewhat for the poor economics of the smaller plant. 
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2 

3 

4 

5 

6 retirement rather than retrofit. 

Certain units may also require additional capital expenditures to bring them into 

compliance with environmental regulations, and older units may face the need for 

more capital investments to continue operating. Taking all of the coal units as a 

whole spreads these capital expenditures over the entire fleet, hiding the fact that 

certain units require more investment capital and might be a candidate for 

7 Q  
8 
9 

10 A 

11 

12 

13 

14 

15 

Please explain what you mean when you say that BREX models a selection of 
future costs associated with the retrofits rather than the actual forward going 
running costs of the units. Why is this an error? 

As I mentioned above, the BREC financial modeling calculates revenue 

requirements based on the production costs in a given year (start-up costs, fuel 

costs, costs for reagents, allowance purchases, purchased power, and off-system 

sales) with the fixed cost of capital in a given year (debt service, debt issuance 

cost, property tax, property insurance, and labor) to arrive at the revenue 

requirements in each of the years in the study period. 

16 

17 

18 

19 

20 

21 

The BREC financial modeling fails to take into account the ongoing capital costs 

associated with routine maintenance at each of the units, which the Company 

provided in its Confidential Response to Sierra Club Data Request 2-la. = 
Costs have only been provided through 2015, but these costs will 

continue through the study period, and may increase as the units age. 

22 Q 
23 

24 A 

25 

26 

27 

28 

29 

30 

Please explain what you mean when you say that BREC does not model unit 
retrofits against alternative options. 

BREC examines three options, but they are all variations on its “Build” case. In 

evaluating the economics of coal units with emission control retrofits, other 

utilities have evaluated the costs of the retrofits against replacement alternatives. 

These alternatives might include a NGCC replacement unit, replacement with 

market purchases, or a combination replacement option that looks at increased 

levels of energy efficiency, renewable energy, and some gas and market 

purchases. Without looking at such options for replacing any or all of BREC’s 
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2 represents the least-cost option. 

coal units, there is simply no basis to conclude that retrofitting each such unit 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

The Commission has seen in previous cases that the retrofit of a coal unit is often 

compared to the construction of a replacement natural gas-fired combined cycle 

unit, to the purchase of an existing NGCC, or to the cost of entering into a 

purchase power agreement (PPA) with the operator of an existing NGCC. BREC 

did not explore any of these options, as stated by the Company in Response to 

Data Request Sierra Club 1-SO. Data from the EIA 2012 Annual Energy Ozitlook 

(attached as Exhibit RSW-6) suggests that capacity factors for oil and natural gas 

generation are projected to be less than 20% through the BREC study period, 

indicating that it is highly likely that BREC could have entered into a long-term 

PPA for energy and capacity in MISO. A spreadsheet with this EIA data is 

attached to my testimony as Exhibit RSW-7. 

14 

1s 

16 

17 

18 

19 

The Commission has also seen in previous cases that utilities typically examine 

the cost of a coal unit retrofit against the cost of buying replacement power for 

that unit on the market, and that this option typically results in a lower NPVRR 

under current market conditions. The Company did not examine a market 

replacement scenario, and the fact that its “Buy” case results in a much higher 

NPVRR than its “Build” case suggests an error in its analysis. 

20 

21 

22 

23 

24 

Finally, the Company could have examined a combination replacement option. 

Had BREC done an energy efficiency market potential study, it could be currently 

achieving a high amount of savings. The Company then could have issued RFPs 

for a lower amount of replacement energy, and examined renewable energy 

sources as well natural gas and market energy purchases. 

25 9. DESCRIPTION AND RESULTS OF SYNAPSE ENERGY ECONOMICS FINANCIAL, 
26 MODELING 

27 Q 

28 A 

29 

Did you perform any of your own financial modeling for this docket? 

Yes. Synapse created a cash flow model that calculates the forward going costs of 

each of the BREC units on an annual basis, and discounts this stream of costs to 
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6 Q  

7 A  

8 

9 

10 

11 

12 

13 

14 

1s 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

determine the total NPVRR of the suite of retrofits included in the analysis for 

each of the units on a standalone basis. The “Retrofit” option is then compared to 

a natural gas combined-cycle replacement option. Certain input assumptions are 

allowed to vary in the cash flow model and the user can create a number of 

scenarios to examine. 

Please explain how you created your model and the inputs you used. 

The cash flow model was designed to compare the revenue requirements 

associated with the BREC 20 12 Compliance Plan to a natural gas-fired combined 

cycle replacement option that provides similar rated capacity and generation. The 

model was created using as many of the inputs and assumptions found in 

modeling performed by the Company, ACES Power Marketing, and PACE 

Global as was possible. Any input that was not taken directly from BREC was 

taken from a public source, and where possible was a source referenced by the 

Company, e.g. the Energy Information Administration (EIA). The source for each 

input assumption is documented in the model. 

The cash flow analysis creates the nominal revenue requirements for each 

environmental retrofit using the capital costs of the projects, AFTJDC, book and 

tax depreciation, income and deferred taxes, return on rate base, property taxes 

and insurance costs. These capital revenue requirements are then combined with 

generating unit-specific, on-going non-environmental capital expenditures, 

generating unit-specific production costs (fuel costs, start costs, fixed and variable 

O&M costs, emissions costs), and environmental retrofit project-specific O&M 

costs, which sum to provide the nominal revenue requirements for each year, for 

each generating unit. These nominal revenue requirements are then summed and 

put in present value terms using the BREC nominal discount rate. 

In calculating the NPVRR for the NGCC replacement option, we assumed 

retirement of the BREC units at the end of 20 15 and assumed installation of the 

NGCC at the beginning of 20 16. Similar to the calculation for the retrofit option, 

the NPVRR calculation for the NGCC option includes capital costs with AFUDC 
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and unit production costs (fuel costs, fixed and variable O&M costs, emissions 

costs). The NPVRR of the retrofit option was then compared to the NPVRR for 

Wilson 
Green 1 
Green 2 
I W L  1 
1 W L  2 
Coleman 1 

Coleman 2 
Coleman 3 
Total 

.- -. 

3 

NCXC Replacement YO Difference I 
2015 minus Retrofit from Retrofit 

t \-’+I I -13.88% 

i \ 3 l 4  I -18.53% 

1\21;,  -19.83% 
-. 

.- 
( 92 I -12 47% 

1 \ 1 0  I - 15.56% 

I \ I l h l  - 15.84% 

I \‘Joj - 13.74% 

- 14.92% 

- 15.73% 
.- I \ l [ l ;  I 

l \ l  I ( l i 1  -- 

9 Q  

10 A 

11 

12 

13 

14 

1s 

16 

17 
18 

19 

20 

21 

22 

the NGCC replacement option on a unit-by-unit basis. 

The cash flow spreadsheet model enables the creation of different scenarios 

through the use of certain different input values, e.g. natural gas price, COz 

emissions price, and selection of additional environmental compliance retrofit 

technologies for each of the BREC units. The user can create different scenarios 

by selecting variations on each of these inputs. 

What are the results of your financial modeling? 

The difference in NPVRRs between the coal retrofit and NGCC replacement 

option in the “Synapse Recommended Case” are shown in Table 4, below. 

Negative values in the “NGCC Replacement” column indicate that building a 

natural gas-fired unit is cheaper than installing pollution control retrofits on the 

BREC coal units. The results in Table 8 (also in Exhibit RSW-2) indicate that all 

of the BREC coal units are uneconomic when compared to a natural gas 

replacement option and should be considered for retirement. 

Table 8. Synapse Recommended Case - Comparison of NGCC Replacement to BREC Unit 

Retrofits (millions 2012s). 

The Synapse Recommended Case includes the controls in the BREC 20 12 

Environmental Compliance Plan, and also includes those controls recommended 

by Sargent & Lundy for compliance with the revised NAAQS, the CCR rule, and 
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5 

6 A  

7 

8 

9 

10 

- 
NCXC Replacement 
2015 minus Retrofit 

Wilson $152 

11 
12 

% Difference 
fromRetrofit - 

10.06% 

13 

Green 1 
Green 2 

14 

15 

16 

17 

18 

$69 8.12% 
$4 0.50% 

19 

HrvIPL’ 1 
HrvIPL 2 
Coleman 1 
Coleman 2 
Coleman 3 
Total 

the 3 16(b) rule. Costs of compliance with the Effluent Limitations Guidelines 

were also included, and were taken fkom the 201 0 EPRI Cost Assessment of Coal 

Cowbustion Residuals and the 201 I EEI Potential Impacts of Environinental 

Regulation. 

$82 16.22% 
$65 12.27% 
$43 7.8S% 
$6 1 11.73% 
$50 8.89% 

$527 8.91% 

ow does your Recommended Case compare to the 

We put the input assumptions used by BREC (the BREC natural gas price 

forecast, a COZ emissions price of $0 in all years, and only those retrofits in the 

Company’s 2012 Environmental Compliance Plan) into our cash flow model and 

got the results shown in Table 9 (also in Exhibit RSW-8) - the “Big Rivers Build 

Case.” 

Table 9. Company Case - Comparison of NGCC Replacement to BREC Unit Retrofits 

(millions 2012s). 

The results from the BREC Build Case show that retrofitting the units with select 

CSAPR and MATS compliance technologies only, under the Company’s gas and 

CO:! input assumptions, result in positive benefits of varying amounts for each of 

the units. Benefits of the Green 2 retrofits are smallest, at $4 million NPVRR and 

benefits of the Wilson retrofits are highest at $152 million NPVRR. 

Direct Testimony of Rachel Wilson Page 34 



1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

Wilson 
Green 1 
Green 2 

Q How do the results from your cash flow analysis go from a net benefit of $527 
million under the B W C  Build Case to a net cost of more than $1 billion in 
the Synapse Recommended Case when compared to an NGCC alternative? 

In order to help answer this question, I’ve prepared several tables that vary the 

input assumptions one at a time as I move between the BREC Build Case and the 

Synapse Recomniended Case. 

A 

Company Build Case Company Build + C02 

Zero C02 Price, BREC BREC C02 Price, BREC 
NGprice, ECP Retrofits NGprice, ECP Retrofits 

$151.56 $55.89 
$69.35 $2 1.46 
$4.44 [ \A-3 I S )  

First, simply changing the COz emissions price to be consistent throughout the 

BREC modeling7 causes Green Unit 2 to become uneconomic to run, as shown in 

Table 10. It also causes the total net benefit of retrofitting the coal fleet to drop by 

$359 million. Table 10 is also attached as Exhibit RSW-9. 

Table 10. Comparison of Company Build Case with and without C 0 2  (millions 2012%). 

12 

13 

14 

15 

16 

17 

18 

$65.29 $3 1.36 

Coleman 2 $60.88 $26.58 
Coleinan 3 $49.72 $13.57 
Total $526.81 $167.00 

Changing the PACE/BREC natural gas price forecast to the most up-to-date EIA 

AEO 2012 forecast has an even more dramatic effect on the economics of the 

retire and replace scenario. Five of the eight BREC units are now uneconomic to 

run under an updated natural gas price forecast, and the net benefits of retrofitting 

the entire fleet are now negative. These results are shown in Table 1 1, and also in 

Exhibit RSW- 10. 

Of the 21 electric utilities we surveyed that have a public CO? price forecast, the PACE Global price 
forecast is the third lowest of the Reference cases. 
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Wilson 
Green 1 
Green 2 
HMPL 1 
HMPL 2 
Coleman 1 
Coleman 2 
Coleman 3 

Table 11. Comparison of Company Build Case with PACE/BREC and EIA 2012 Natural 

Gas Price Forecasts (millions 2012%). 

Company Build Case Company Build, AEONG 

Zero C02 Price, BREC Zero C02 Price, AEO NG 
NGprice, ECP Retrofits price, ECP Retrofits 

$151.56 (’I l(1 :I?\) 

$69 35 ( ’ - 2 5  7 : )  

$4.44 ( W I  70) 

$82.38 $22.71 
$65 29 $3.80 
$43 18 (51s 5 3 )  

$60 88 $2.70 
$49.72 (513 7 3 )  

3 

8 
9 

10 

11 

12 

13 

Changing the COz and natural gas prices together yields even more dramatic 

results, shown in Table 12 (attached as Exhibit RSW-11) in the first and third 

columns, changing $526 million in net benefits in the Company Build Case to 

$487 million in net cost in the “Company Build + C02, AEO NG” scenario. 

Table 12. Comparison of Company Build Case with Changed Input Scenarios (millions 

2012%). 

Adding in the costs of compliance with expected EPA regulations causes the 

economics of the fleet retrofits to look even worse. Compliance with the revised 

NAAQS, CCR, and 3 16(b) rules in addition to CSAPR and MATS would have a 
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3 

net total cost of $621 million. Finally, adding in Effluent Limitation Guidelines 

compliance costs leads to a net total cost of more than $1 billion when compared 

to a NGCC replacement option. 

4 10. CONCLUSIONS 

5 Q  

6 A  

7 

8 

9 

10 

11 

12 

Please summarize your conclusions. 

Based on my review, I conclude that the errors present in the BREC modeling 

causes the Company to understate the costs associated with the continued 

operations of its coal fleet. IJsing corrected input assumptions and adding in the 

costs of compliance with expected EPA regulations causes the costs of coal unit 

retrofits to increase dramatically. When the complete retrofit scenario is compared 

to a NGCC replacement scenario, we see that the NGCC scenario is more than $1 

billion cheaper than continued operation of the BREC coal fleet. 

13 Q Does this conclude your direct testimony? 

14 A Yes. 
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Associate 
Synapse Energy Economics 

485 Massachusetts Ave., Suite 2, Cambridge, MA 02139 

www .synapse-energy.com 
rwilson@synapse-energy.com 

(617) 453-7044 fax: (617) 661-0599 

PROFESSIONAL EXPERIENCE 
Synapse Energy Economics Inc., Cambridge, MA. Associate, 20 10 - present, Research 
Associate, 2008 - 2010. 

e Performs consulting, conducts research, and assists in writing testimony and reports on a 
wide range of issues relating to electric utilities, including: federal and state clean air 
policies; emissions from electricity generation; environmental compliance technologies, 
strategies, and costs; integrated resource planning; valuation of environmental 
externalities from power plants; and the nexus between water and energy. 
IJses optimization and electricity dispatch models, including Strategist, PROMOD, 
PROSYMMarket Analytics, and PLEXOS to conduct analyses of utility service 
territories and regional energy markets. 

e 

Analysis Group, Inc., Boston, MA. Associate, Energy Practice, 2007 - 2008. 
Supported an expert witness asked to opine on various topics in the electric industry as 
they applied to merchant generators and provided incentives for their behavior in the late 
1990s and early 2000s. 
Analyzed data related to coal production on Indian land and contractual royalties paid to 
the tribe over a 25 year period to determine if discrepancies exist between these values for 
the purposes of potential litigation. 
Examined Canadian policies relating to carbon dioxide, and assisted with research on 
linkage of international tradable permit systems. 
Managed analysts’ work processes and evaluated work products. 

e 

0 

Senior Analyst Intern, Energy Practice, 2006 - 2007. 
0 Supported an expert witness in litigation involving whether a defendant power company 

could financially absorb a greater investment in pollution control under its debt structure 
while still offering competitive rates. Analyzed impacts of federal and state clean air 
laws on energy generators and providers. Built a quantitative model showing the costs of 
these clean air policies to the defendant over a 30 year period. Built a financial model 
calculating impacts of various pollution control investment requirements. 
Researched the economics of art; assisted in damage calculations in arbitration between 
an artist and his publisher. 

e 

Yale Center for Environmental Law and Policy, New Haven, CT. Research Assistant, 
2005 - 2007. 
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Gathered and managed data for the Environmental Performance Index, presented at the 
2006 World Economic Forum. Interpreted statistical output, wrote critical analyses of 
results, and edited report drafts. 
Part of the team that produced Grven to Gold, an award-winning book on corporate 
environmental management and strategy. Managed data, conducted research, and 
implemented marketing strategy. 

CERES, Boston, MA. Student Consultant, Spring 2006. 
e As part of a four-person team, made strategic recommendations on all aspects of 

messaging and engagement to encourage corporate directors to act on the issue of 
climate change. First strategic recommendation was sustainable governance forums, 
which were profiled in New York Times article “Global Warming Subject for Directors 
at Big Companies” on September 2 1,2006. 

Marsh Risk and Insurance Services, Inc., Los Angeles, CA. Risk Analyst, Casualty 
Department, 2003 - 2005. 

e 

e 

e 

e 

Evaluated Fortune 500 clients’ risk management prograndrequirements and formulated 
strategic plans and recommendations for customized risk solutions. 
Supported the placement of $2 million in insurance premiums in the first year and $3 
million in the second year. 
Utilized quantitative models to create loss forecasts, cash flow analyses and 
benchmarking reports. 
Completed a year-long Graduate Training Program in risk management; ranked #1 in the 
western region of the US and shared #1 national ranking in a class of 200 young 
professionals. 

EDUCATION 
Yale School of Forestry & Environmental Studies, Master of Environmental Management, 
New Haven, Connecticut, 2007. 
Concentration in Law, Economics, and Policy with a focus on energy issues and markets. 

Claremont McKenna College, Bachelor of Arts in Environment, Economics, Politics (EEP) 
Clarernont, California, 2003. 
cum laude and EEP departmental honors. 

School for International Training Quito, Ecuador. Spring 2002. 
Semester abroad studying Comparative Ecology. Microfinance hitern - Viviendas del Hogar de 
Cristo in Guayaquil, Ecuador. 

SKILLS AND ACCOMPLISHMENTS 
Microsoft Office Suite, L,exis-Nexis, Platts Energy Database, Strategist, PROMOD, 
PROSYM/Market Analytics, and PL,EXOS, some SAS and STATA. 
Competent in oral and written Spanis€i. 
Hold the Associate in Risk Management (ARM) professional designation. 

PUBLICATIONS AND PRESENTATIONS 
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Fagan, R., M. Chang, P. Knight, M. Schultz, T. Comings, E. Hausman, and R. Wilson. The 
Potential Rate Efiects of Wind Energy and Transmission in the Midwest I S 0  Region. Prepared 
for the Energy Future Coalition. May 22, 20 12. 

Wilson, E. Comments Regarding MidAmerican Enei-gy Company Filing on Coal-Fii-ed 
Generation in Iowa. Prepared for the Iowa Office of the Consumer Advocate. December 15, 
2011. 

Johnston, L., and R. Wilson. Global Best Practices: Strategies for Decarbonizing Electric Power- 
Szpply. Prepared for Regulatory Assistance Project (RAP). December 14,201 1. 

Hausman, E., T. Comings, R. Wilson, and D. White. Electricity Scenario Analysis for the 
Vermont Comprehensive Energy Plan 2OI I .  Prepared for the Vermont Department of Public 
Service. September 201 1. 

Hornby, R., P. Chernick, C. Swanson, D. White, J. Gifford, M. Chang, N. Hughes, M. 
Wittenstein, R. Wilson, and B. Biewald. Avoided Energy Szpply Costs in New England: 201 1 
Report. Prepared for the Avoided-Energy-Supply-Component (AESC) Study Group. July 2 1 , 
2011. 

Wilson, R. and Paul Peterson. A Brief Survey qf State Integrnted Resource Planning Rules and 
Requirements. Prepared for the American Clean Skies Foundation. April 28, 201 1. 

Johnston, L., E. Hausman., B. Biewald, R. Wilson, and D. White. 201 I Car-hon Dioxide Price 
For~ecust. February 1 1 , 201 1. 

Fisher, J., R. Wilson, N. Hughes, M. Wittenstein, and B. Biewald. Benefits of Beyond BAU: 
Human, Social, and Envii-onmental Damages Avoided Through the Retirement of the US Coal 
Fleet. Prepared for the Civil Society Institute. January 25,2011. 

Peterson, P., V. Sabodash, R. Wilson, and D. Hurley. Public Policy Impacts on Transmission 
Planning. Prepared for Earthjustice, December 2 1 , 201 0. 

Fisher, J., S. L m y ,  Y. Nishioka, P. Kirshen, R. Wilson, M. Chang, J. Kallay, and C. James. Co- 
Benefits of Energy Efficiency and Renewable Energy in Utah. Prepared for the State Energy 
Office of Utah, March 2010. 

Wilson, R. “The Energy-Water Nexus: Interactions, Challenges, and Policy Solutions.” Presented 
at the National Drinking Water Symposium 2009, October 2009. 

Fisher, J., C. James, L. Johnston, D. Schlissel, R. Wilson, Energy Future: A Given Alternative 
for Michigan. Prepared for Natural Resources Defense Council and Energy Foundation, August 
2009. 

Schlissel, D., R. Wilson, L. Johnston, D. White, An Assessment of Santee Cooper- ’s 2008 
Resource Planning. April 2009. 

Schlissel, D., A. Smith, R. Wilson, Coal-Fired Power Plant Construction Costs. July 2008. 
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~ ~ S ~ I M ~ ~ Y  
Kentucky Public Service Commission. Direct testimony before the Commission on behalf of 
the Sierra Club. Testimony included discussion of STRATEGIST modeling relating to the 
application of Kentucky Power Company for a Certificate of Public Convenience and Necessity, 
and for approval of its 201 I environmental compliance plan and amended environmental cost 
recovery surcharge. 

Kentucky Public Service Commission. Direct testimony before the Commission on behalf of 
Sierra Club and Natural Resources Defense Council. Testimony included discussion of 
STRATEGIST modeling relating to the applications of Kentucky Utilities Company, and 
L,ouisville Gas and Electric Company for Certificates of Public Convenience and Necessity, and 
approval of its 20 1 1 compliance plan for recovery by environmental surcharge. September 16, 
2011. 

Minnesota Public Utilities Commission. Rebuttal testimony before the Commission on behalf 
of Izaak Walton League of America, Fresh Energy, Sierra Club, and Minnesota Center for 
Environmental Advocacy. Testimony described STRATEGIST modeling performed in the 
docket considering Otter Tail Power’s application for an Advanced Determination of Prudence 
for BART retrofits at its Big Stone plant September 7 ,  201 1. 

Resume dated June 2012. 
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Utility C 0 2  Price References 

Ameren Missouri. (201 1). 201 1 Integrated Resource Plan. 

Avista. (201 1). 201 1 Electric Integrated Resource Plan 

CT Light and Power. (2010). Integrated Resource Plan for Connecticut. 

Delniarva Power. (2010). Delaware Integrated Resource Plan. 

Duke Energy. (201 1). 201 1 Integrated Resource Plan. Prepared for South Carolina PSC. 

Georgia Power. (201 1). Updated Integrated Resource Plan. Docket No. 34218. 

Kentucky Power. (201 1). Application for CPCN. Case No. 201 1-00401. 

Los Angeles Department of Water and Power. (201 1). 201 1 Power Integrated Resource Plan. 

Omaha Public Power District. (2010). 2010 Integrated Resource Plan (201 1-2025). 

Minnesota Power. (2009). 2010 Integrated Resource Plan. 

PacifiCorp. (201 1). 201 1 Integrated Resource Plan. 

PNM. (201 1). Electric Integrated Resource Plan (201 1-2030). Prepared for Public Service Company of New 
Mexico I 

Portland General Electric. (201 1). 201 1 Integrated Resource Plan Update. 

Puget Sound Energy. (201 1). 201 1 Integrated Resource Plan. 

Seattle City Light. (2010). Integrated Resource Plan 2010. 

Sunflower Electric Power Corporation. (20 10). 20 10 Integrated Resource Plan. 

Tennessee Valley Authority. (20 1 1). Integrated Resource Plan: TVA’s Environmental & Energy Future Options. 

Xcel Energy. (2010). Application for Resource Plan Approval 201 1-2025. Application Docket E002/RP-10--. 
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The Annual Energy Outlook 2012 was prepared by the U S Energy Information Administration (EIA), under the direction of John 

r, Analysis Integration Team, Office of Integrated and International Energy Analysis, Joseph A 
, 202/586-20251, Director, Office of Electricity, Coal, Nuclear, and Renewable5 Analysis, Sam A 

,202/586-0687), Director, Office of Integrated and International Energy Analysis, A Michael 
-5590), Director, Office of Petroleum, Natural Gas, and Biofuels Analysis, and James T 
-17621, Director, Office of Energy Consumption and Efficiency Analysis 

Complimentary copies are available to certain groups, such as public and academic libraries, Federal, State, local, and foreign 
governments, EIA survey respondents; and the media. For further information and answers to questions, contact 

, 202/586-22221, Assistant Administrator of Energy Analysis, Paul D Holtberg ( 

Office of Communications, El-40 
Forrestal Building, Room 1E-210 
1000 Independence Avenue, S W 
Washington, DC 20585 

Telephone 202/586-8800 Fax 202,' 
Website 

Specific questions about the information in this report may be directed to 

General questions ...................................... 

National Energy Modeling System . . . . . . . . . . . . . . .  

Executivesummary , , , . , , ,  , 

Economic activity . .  

World oil prices . . . . . . . . . . . . . . . . . . . . . . .  

International oil production .............................. 
International oil demand _. . 
Residential demand I ., . , " " " _ _  . 

Commercial demand ............................................. 
Industrial demand ..................................................... 
Transport at ion demand ............................... 

Electricity generation, capacity ........................... 

Electricity generation, emissions , . . , , , , ,,, 

Electricity prices . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Nuclear energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Renewable energy .................................................... 
Oil and natural gas production ............................. 
Wholesale natural gas markets ..................... 

Oil refining and markets ....... 

Ethanol and biodiesel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Coal supply and prices ............................................ 
Carbon dioxide emissions ................................ 

, 202-586-1284) 

,202/586-1284) 

,202-586-6344)  
James P O'Sulli ,202/586-2728) 
LindaE Doman 
Owen Comstock ( ,202/586-4752) 

,202/586-4791) 
,202/586-1743) 

,202/586-1297) 

Chris R Namovic ,202/586-7120) 

,202-586-4821) 
William S Brown ( 

Michael L Mellish ,202/586-2136) 
Diane R Kearney ( 

The Annual Energy Outlook 2012 is available on the EIA website at 
projections, tables of regional results, and other detailed results will als 

Assumptions underlying the 

ion reports for the National Energy Modeling System are available 
and will be updated for the Annual Energy Outlook 2072 during 2012 

Other contributors to the report include Vipin Arora, Justine Barden, Joseph Benneche, Tina Bowers, Gwendolyn Bredehoeft, Phillip 
Budzik, Nicholas Chase, John Cochener, Michael Cole, Jim Diefenderfer, Robert Eynon, Laurie Falter, Mindi  Farber-DeAnda, Adrian 
Geagla, Peter Gross, James Hewlett, Behjat Hojjati, Sean Hill, Kevin Jarzomski, Jim Joosten, Paul Kondis, Angelina LaRose, Thomas 
Lee, Tanc Lidderdale, Perry Lindstrom, Vishakh Mantri, Phyllis Martin, Elizabeth May, Carrie Milton, David Peterson, Chetha Phang, 
Marie Rinkowski-Spangler, Mark Schipper, Elizabeth Sendich, Joanne Shore, Robert Smith, Glen Sweetnam, Matthew Tanner, 
Russell Tarver, Dana Van Wagener, Diwakar Vashishat, Steven Wade, William Watson, and Peggy Wells 
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This publication is an the WEB at: 

This report was prepared by the U S Energy Information Administration (EIA), the statistical and 
analytical agency within the I J  S Department of Energy By law, E I A s  data, analyses, and forecasts 
are independent of approval by any other officer or employee of the United States Government The 
views in this report therefore should not be construed as representing those of the Department of 
Energy or other Federal agencies 
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The Anriual Energy Outlook 2012 (AE02012), prepared by the U S Energy Information Administration (EIA), presents long-term 
projections of energy supply, demand, and prices through 2035, based on results from EIAs National Energy Modeling System 
(NEMS) EIA published an "early release" version of the AEO2OI2 Reference case in January 2012 

The report begins with an "Executive summary" that highlights key aspects of the projections It is followed by a "Legislation and 
regulations" section that discusses evolving legislative and regulatory issues, including a summary of recently enacted legislation 
and regulations, such as the Mercury and Air Toxics Standards (MATS) issued by the U S Environmental Protection Agency (EPA) 
in December 2011 [I], the Cross-State Air Pollution Rule (CSAPR) as finalized by the EPA in July 2011 [21, the new fuel efficiency 
standards for medium- and heavy-duty vehicles published by the EPA and the National Highway Traffic Safety Administration 
(NHTSA) in September 2011 [31, and regulations pertaining to the power sector in California Assembly Bill 32 (AB 321, the Global 
Warming Solutions Act of 2 0 0 6  [41 

The "Issues in focus" section contains discussions of selected energy topics, including a discussion of the results in two cases 
that adopt different assumptions about the future course of existing policies one rase assumes the extension of a selected group 
of existing public policies-corporate average fuel economy (CAFE) standards, appliance standards, production tax credits, and 
the elimination of sunset provisions in existing energy policies, the other case assumes only the elimination of sunset provisions 
Other discussions include oil price and production trends in the AE02012, potential efficiency improvements and their impacts on 
end-use energy demand, energy impacts of proposed CAFE standards for light-duty vehicles (LDVs), model years (MYs) 2017 to 
2025, impacts of a breakthrough in battery vehicle technology, heavy-duty (HD) natural gas vehicles (NGVs), changing structure 
of the refining industry, changing environment for fuel use in electricity generation, nuclear power in AE02072, potential impact of 
minimum pipeline throughput constraints on Alaska North Slope oil production, U S crude oil and natural gas resource uncertainty, 
and evolving Marcellus shale gas resource estimates 

The "Market trends" section summarizes the projections for energy markets The analysis in AE02072 focuses primarily on a 
Reference case, Low and High Economic Growth cases, and Low and High Oil Price cases Results from a number of other alternative 
cases also are presented, illustrating uncertainties associated with the Reference case projections for energy demand, supply, 
and prices Complete tables for the five primary cases are provided in Appendixes A through C Major results from many of the 
alternative cases are provided in Appendix D Complete tables for all the alternative cases are available on EIAs website in a table 
browser at 

AE02072 projections are based generally on Federal, State, and local laws and regulations in effect as of the end of December 
2011 The potential impacts of pending or proposed legislation, regulations, and standards (and sections of existing legislation 
that require implementing regulations or funds that have not been appropriated) are not reflected in the projections In certain 
situations, however, where it is  clear that a law or regulation will take effect shortly after the AEO is completed, it may be considered 
in the projection 

AE02072 is published in accordance with Section 205c of the U 5 Department of Energy (DOE) Organization Act of 1977 (Public 
Law 95-91), which requires the EIA Administrator to prepare annual reports on trends and projections for energy use and supply 

Projections by EIA are not statements of what will happen but of what might happen, given the assumptions and 
methodologies used for any particular scenario The Reference case projection is a business-as-usual trend estimate, given 
known technology and technological and demographic trends EIA explores the impacts of alternative assumptions in 
other scenarios with different macroeconomic growth rates, world oil prices, and rates of technology progress The main 
cases in AE02012 generally assume that current laws and regulations are maintained throughout the projections Thus, the 
projections provide policy-neutral baselines that can be used to analyze policy initiatives 

While energy markets are complex, energy models are simplified representations of energy production and consumption, 
regulations, and producer and consumer behavior Projections are highly dependent on the data, methodologies, model 
structures, and assumptions used in their development Behavioral characteristics are indicative of real-world tendencies 
rather than representations of specific outcomes 

Energy market projections are subject to much uncertainty Many of the events that shape energy markets are random and 
cannot be anticipated In addition, future developments in technologies, demographics, and resources cannot be foreseen 
with certainty Many key uncertainties in the AE02012 projections are addressed through alternative cases 

EIA has endeavored to make these projections as objective, reliable, and useful as possible, however, they should serve as 
an adjunct to, not a substitute for, a complete and focused analysis of public policy initiatives 

ii CJ S Energy Information Administration I Annual Energy Outlook 2012 
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The Annual Energy Outlook 2072 (AE02012) Reference case included as part of this complete report, released in June 2012, was 
updated from the Reference case released as part of the AE02072 Early Release Overview in January 2012. The Reference case was 
updated to incorporate modeling changes and reflect new legislation or regulation that was not available when the Early Release 
Overview version of the Reference case was published. Major changes made in the Reference include 

The Mercury and Air Toxics Standards (MATS) issued by the EPA in December 2011 was incorporated 

9 The long-term macroeconomic projection was revised, based on the November 2011 long-term projection from IHS Global 
Insights, Inc 

The Cross-State Air Pollution Rule (CSAPR), which was included in the Early Release Reference case, was ltept in the final 
Reference case. In December 2011, a District Court delayed the rule from going into effect while in litigation 

0 The California Low Carbon Fuel Standard (LCFS) was removed from the final Reference case, given the Federal court ruling in 
December 20'11 that found some aspects of it to be unconstitutional 

Historical data and equations for the transportation sector were revised to reflect revised data from NHTSA and FHWA 

0 A new cement model was incorporated in the industrial sector 

Photovoltaic capacity estimates for recent historical years (2009  and 2010) were updated to line up more closely with Solar 
Energy Industries Association (SEIA) and Interstate Renewable Energy Council (IREC) reports. - Gulf of Mexico production data were revised downward to reflect data reported by the Bureau of Ocean Energy Management 
more closely. 

,, Data in the electricity model were revised to reflect 2 0 0 9  electric utility financial data (electric utility plant in service, operations 
and maintenance costs, etc 1 and refine the breakdown of associated costs between the generation, transmission, and distribution 
components. 

0 Higher capital costs for fabric filters were adopted in the analysis of MATS, based on EPA data 

* Reservoir-level oil data were updated to improve the API gravity and sulfur content data elements 

The assumed volume of natural gas used a t  export liquefaction facilities was revised 

Future analyses using the AE02012 Reference case will start from the version of the Reference case released with this complete report. 

Links current as of June 2012 

1 U 5 Environmental Protection Agency, "Mercury and Air Toxics Standards," website 

2 U 5 Environmental Protection Agency, "Cross-State Air Pollution Rule (CSAPR)," website 

3 U 5 Environmental Protection Agency and National High 
Standards and Fuel Efficiency Standards for Medium- and Hea 
76, No 179 (September 15,20111, pp 57106-57513, website 

4. Californi 
website 

Air Resources Board, "Assembly Bill 32 Global Warming Solutions Act of 2006," 

U.S Energy Information Administration I Annual Energy Outlook 2012 
... 
1 1 1  
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Introduction 6 
1 Greenhouse gas emissions and fuel consumption standards for heavy-duty vehicles, 

model years 2014 through 2018 6 
2 Cross-State Air Pollution Rule 8 

9 
4 Updated State air emissions regulation 10 

10 
11 
14 

17 
Introduction 18 
1 No Sunset and Extende 18 
2 Oil price and production trends in AE02012 23 
3 Potential efficiency improvements and their impacts on end-use energy demand 25 
4 Energy impacts of proposed CAFE standards for light-duty vehicles, model years 2017 to 2025 28 
5 Impacts of a breakthrough in battery vehicle technology 31 
6 Heavy-duty natural gas vehicles 36 
7. Changing structure of the refining industry 41 

45 
9 Nuclear power in AE02012 50 

I O .  Potential impact of minimum 52 
11. U.S. crude oil and natural gas resource uncertainty 56 
12 Evolving Marcellus shale gas resource estimates 63 

69 
Trends in economic activity 70 
Energy trends in the economy 71 
International energy 72 

3 Mercury and air toxics standards 
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The projections in the U S Energy Information Administration‘s (EIAs) Annual Energy Outlook2072 (AE02072) focus on the factors 
that shape the U.S. energy system over the long term Under the assumption that current laws and regulations remain unchanged 
throughout the projections, the AE02012 Reference case provides the basis for examination and discussion of energy production, 
consumption, technology, and market trends and the direction they may take in the future It also serves as a starting point for 
analysis of potential changes in energy policies But AE02072 is not limited to the Reference case. It also includes 29 alternative 
cases (see Appendix E, Table El), which explore important areas of uncertainty for markets, technologies, and policies in the U.S. 
energy economy Many of the implications of the alternative cases are discussed in the “Issues in focus” section of this report. 

Key results highlighted in AEOZOl2 include continued modest growth in demand for energy over the next 25 years and increased 
domestic crude oil and natural gas production, largely driven by rising production from tight oil and shale resources. As a result, 
U S reliance on imported oil i s  reduced, domestic production of natural gas exceeds consumption, allowing for net exports; 
a growing share of U S electric power generation is met with natural gas and renewables, and energy-related carbon dioxide 
emissions remain below their 2 0 0 5  level from 2010 to 2035, even in the absence of new Federal policies designed to mitigate 
greenhouse gas (GHG) emissions 

through 2035 in the AEO2072 
Reference case The U S does not return to the levels of energy demand growth experienced in the 2 0  years prior to the 2008-  
2 0 0 9  recession, because of more moderate projected economic growth and population growth, coupled with increasing levels 
of energy efficiency For some end uses, current Federal and State energy requirements and incentives play a continuing role in 
requiring more efficient technologies Projected energy demand for transportation grows at an annual rate of 0 1 percent from 
2010 through 2035 in the Reference case, and electricity demand grows by 0 7 percent per year, primarily as a result of rising 
energy consumption in the buildings sector Energy consumption per capita declines by an average of 0 6 percent per year from 
2010 to 2035 (Figure 1) The energy intensity of the U S economy, measured as primary energy use in British thermal units (Btu) 
per dollar of gross domestic product (GDP) in 2005 dollars, declines by an average of 2 1 percent per year from 2010 to  2035 
New Federal and State policies could lead to further reductions in energy consumption The potential impact of technology 
change and the proposed vehicle fuel efficiency standards on energy consumption are discussed in “Issues in focus ’I 

d over the past few years, reversing a decline that began in 1986 U 5 crude oil 
production increased from 5 0 million barrels per day in 2 0 0 8  to 5 5 million barrels per day in 2010 Over the next 10 years, 
continued development of tight oil, in combination with the ongoing development of offshore resources in the Gulf of Mexico, 
pushes domestic crude oil production higher Because the technology advances that have provided for recent increases in supply 
are still in the early stages of development, future U S crude oil production rou ld vary significantly, depending on the outcomes of 
key uncertainties related to well placement and recovery rates Those uncertainties are highlighted in this Annual Energy Outlook’s 
“Issues in focus” section, which includes an article examining impacts of uncertainty about current estimates of the crude oil and 
natural gas resources The AE02072 projections considering variations in these variables show total U S crude oil production in 
2035 ranging from 5 5 million barrels per day to 7 8 million barrels per day, and projections for U S tight oil production from eight 
selected plays in 2035 ranging from 0 7 million barrels per day to 2 8 million barrels per day (Figure 2) 
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U S dependence on imported petroleum and other liquids declines in the AEO2Ol2 Reference case, primarily as a result of rising 
energy prices, growth in domestic crude oil production to more than 1 million barrels per day above 2010 levels in 2020, an 
increase of 1 2 million barrels per day crude oil equivalent from 2010 to  2035 in the use of biofuels, much of which is produced 
domestically, and slower growth of energy consumption in the transportation sector as a result of existing corporate average 
fuel economy standards Proposed fuel economy standards covering vehicle model years (MY) 2017 through 2025 that are not 
included in the Reference case would further reduce projected need for liquid imports 

Although U S consumption of petroleum and other liquid fuels continues to grow through 2035 in the Reference case, the reliance 
on imports of petroleum and other liquids as a share of total consumption declines Total U 5 consumption of petroleum and 
other liquids, including both fossil fuels and biofuels, rises from 19 2 million barrels per day in 2010 to 199  million barrels per day 
in 2035 in the Reference case The net import share of domestic consumption, which reached 60 percent in 2 0 0 5  and 2 0 0 6  
before falling to  49 percent in 2010, continues falling in the Reference case to 3 6  percent in 2035 (Figure 3) Proposed light-duty 
vehicles (LDV) fuel economy standards covering vehicle MY 2017 through 2025, which are not included in the Reference case, 
could further reduce demand for petroleum and other liquids and the need for imports, and increased supplies from U S tight oil 
deposits could also significantly decrease the need for imports, as discussed in more detail in “Issues in focus” 

Much of the growth in natural gas production in the AEO2Ol2 Reference case results from the application of recent technological 
advances and continued drilling in shale plays with high concentrations of natural gas liquids and crude oil, which have a higher 
value than dry natural gas in energy equivalent terms Shale gas production increases in the Reference case from 5 0 trillion cubic 
feet per year in 2010 (23 percent of total U S dry gas production) to 13 6 trillion cubic feet per year in 2035 (49 percent of total 
IJ 5 dry gas production) As with tight oil, when looking forward to 2035, there are unresolved uncertainties surrounding the 
technological advances that have made shalegas production a reality The potential impact of those uncertainties results in a range 
of outcomes for U S shale gas production from 9 7 to  2 0  5 trillion cubic feet per year when looking forward to 2035 

As a result of the projected growth in production, U S natural gas production exceeds consumption early in the next decade in the 
Reference case (Figure 4) The outlook reflects increased use of liquefied natural gas in markets outside North America, strong 
growth in domestic natural gas production, reduced pipeline imports and increased pipeline exports, and relatively low natural 
gas prices in the United States 

In the Reference case, the natural gas share of electric power generation increases from 24  percent in 2010 to 28  percent in 2035, 
while the renewables share grows from 10 percent to 15 percent In contrast, the share of generation from coal-fired power plants 
declines The historical reliance on coal-fired power plants in the U 5 electric power sector has begun to wane in recent years 

History 201 0 Projections 25 

Net imports, 2035 
20 

15 

10 

History 2010 Projections 
I 30 

I Net exports, 2035 5% 
/t 36% 

E 
7E. 

5 

L“ 

Henry Hub spot market 
natural gas prices 20 

15 

-______ 
1990 2010 2035 

0 y  I 

1990 2000 2010 2020 2035 

U S. Energy Information Administration I Annual Energy Outlook 2012 3 



Exhibit-RW-6 

Over the next 25 years, the share of electricity generation from coal falls to 3 8  percent, well below the 48-percent share seen as 
recently as 2008, due to slow growth in electricity demand, increased competition from natural gas and renewable generation, 
and the need to comply with new environmental regulations Although the current trend toward increased use of natural gas 
and renewable5 appears fairly robust, there is uncertainty about the factors influencing the fuel mix for electricity generation 
AE02072 includes several cases examining the impacts on coal-fired plant generation and retirements resulting from different 
paths for electricity demand growth, coal and natural gas prices, and compliance with upcoming environmental rules 

While the Reference case projects 49 gigawatts of coal-fired generation retirements over the 2011 to  2035 period, nearly all of 
which occurs over the next 10 years, the range for cumulative retirements of coal-fired power plants over the projection period 
varies considerably across the alternative cases (Figure 5), from a low of 3 4  gigawatts (11 percent of the coal-fired generator fleet) 
to a high of 7 0  gigawatts (22 percent of the fleet) The high end of the range is based on much lower natural gas prices than those 
assumed in the Reference case, the lower end of the range is based on stronger economic growth, leading to stronger growth in 
electricity demand and higher natural gas prices Other alternative cases, with varying assumptions about coal prices and the 
length of the period over which environmental compliance costs will be recovered, but no assumption of new policies to limit GHG 
emissions from existing plants, also yield cumulative retirements within a range of 3 4  to 7 0  gigawatts Retirements of coal-fired 
capacity exceed the high end of the range (70  gigawatts) when a significant GHG policy is assumed (for further description of the 
cases and results, see "Issues in focus") 

Energy-related carbon dioxide (COZ) emissions grow slowly in the AE02012 Reference case, due to a combination of modest 
economic growth, growing use of renewable technologies and fuels, efficiency improvements, slow growth in electricity demand, 
and increased use of natural gas, which is less carbon-intensive than other fossil fuels In the Reference case, which assumes 
no explicit Federal regulations to limit GHG emissions beyond vehicle GHG standards (although State programs and renewable 
portfolio standards are included), energy-related COz emissions grow by just over 2 percent from 2010 to 2035, to a total of 5,758 
million metric tons in 2035 (Figure 6) C02 emissions in 2020 in the Reference case are more than 9 percent below the 2 0 0 5  level 
of 5,996 million metric tons, and they still are below the 2005  level at the end of the projection period Emissions per capita fall 
by an average of 1 0 percent per year from 2005 to 2035 

Projections for COZ emissions are sensitive to such economic and regulatory factors due to the pervasiveness of fossil fuel use 
in the economy These linkages result in a range of potential GHG emissions scenarios In the AE02012 Low and High Economic 
Growth cases, projections for total primary energy consumption in 2035 are, respectively, 100 0 quadrillion Btu (6 4 percent 
below the Reference case) and 114 4 quadrillion Btu (7  0 percent above the Reference case), and projections for energy-related 
C02 emissions in 2035 are 5,356 million metric tons ( 7 0  percent below the Reference case) and 6,117 million metric tons (6 2 
percent above the Reference case) 
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e Anriual Energy Outlook 2012 (AE02012) generally represents current Federal and State legislation and final implementation 
regulations available as of the end of December 2011 The AE02072 Reference case assumes that current laws and regulations 
affecting the energy sector are largely unchanged throughout the projection period (including the implication that laws that 
include sunset dates do, in fact, become ineffective at the time of those sunset dates) [5] The potential impacts of proposed 
legislation, regulations, or standards-or of sections of legislation that have been enacted but require funds or implementing 
regulations that have not been provided or specified-are not reflected in the AE02072 Reference case, but some are considered 
in alternative cases This section summarizes Federal and State legislation and regulations newly incorporated or updated in 
AE02072 since the completion of the Annual Energy Outlook 2077 
Examples of recently enacted Federal and State legislation and regulations incorporated in the AE02072 Reference case include 

New greenhouse gas (GHG) emissions and fuel consumption standards for medium- and heavy-duty engines and vehicles, 
published by the U S Environmental Protection Agency (EPA) and the National Highway Transportation Safety Administration 
(NHTSA) in September 2011 [61 
The Cross-State Air Pollution Rule (CSAPR), as finalized by the EPA in July 2011 [7] 

* Mercury and Air Toxics Standards (MATS) rule, issued by the EPA in December 2011 [8] 
There are many other pieces of legislation and regulation that appear to have some probability of being enacted in the not-too- 
distant future, and some laws include sunset provisions that may be extended However, it is difficult to discern the exact forms 
that the final provisions of pending legislation or regulations will take, and sunset provisions may or may not be extended Even in 
situations where existing legislation contains provisions to allow revision of implementing regulations, those provisions may not 
be exercised consistently Many pending provisions are examined in alternative cases included in AEO2072 or in other analyses 
completed by the U S Energy Information Administration (EIA) In addition, at the request of the Administration and Congress, 
EIA has regularly exa ions of proposed legislation in Service Reports Those reports can be found on 
the EIA website at 

On September 15, 2011, the EPA and NHTSA jointly announced a final rule, called the HD National Program [ 9 ] ,  which for the 
first t ime established GHG emissions and fuel consumption standards for on-road heavy-duty trucks with a gross vehicle weight 
rating (GVWR) above 8,500 pounds (Classes 2b through 8) [ JOl  and their engines TheAE02072 Reference case incorporates the 
new standards for heavy-duty vehicles (HDVs) 

Due to the tremendous diversity of HDV uses, designs, and power requirements, the H D  National Program separates GHG 
and fuel consumption standards into discrete vehicle categories within combination tractors, vocational vehicles, and heavy- 
duty pickups and vans (Table 1) Further, the rule recognizes that reducing GHG emissions and fuel consumption will require 
changes to both the engine and the body of a vehicle (to reduce the amount of work demanded by an engine) The final rule sets 
separate standards for the different engines used in combination tractors and vocational vehicles AE02072 represents standard 
compliance among HDV regulatory classifications that represent the discrete vehicle categories set forth in the rule 

The H D  National Program standards begin for model year (MY) 2014 vehicles and engines and are fully phased in by MY 2018 
The EPA, under authority granted by the Clean Air Act, has issued GHG emissions standards that begin wi th M Y  2014 for all 
engine and body categories NHTSA, operating under regulatory timelines mandated by the Energy Independence and Security 
Act [ 1 1 3 ,  set voluntary fuel consumption standards for M Y  2014 and 2015, with the standards becoming mandatory for M Y  2016 
and beyond, except for diesel engine standards, which become mandatory for M Y  2017 and beyond Standards reach the most 
stringent levels for combination tractors and vocational vehicles in M Y  2017, with subsequent standards then holding constant 
Heavy-duty pickup and van standards are required to reach the highest level of stringency in M Y  2018 AE02072 includes the HD 

Cat  ego r y 

Combination tractors 

Vocational vehicles 

Heavy-duty pickups and vans 

6 u s  

Description GVWR 

Combination tractors are semi trucks designed to pull trailers 
Standards are set separately for tractor cabs and their engines 
There are no GHG or fuel consumption standards for trailers 

Vocational vehicles include a wide range of truck configurations, 
such as delivery, refuse, utility, dump, cement, fire, and tow 
trucks, school buses, and ambulances The rulemaking defines 
vocational vehicles as all heavy-duty trucks that are not 
combination tractors or heavy-duty pickups or vans Vocational 
vehicle standards are set separately for chassis and engines 

Pickup trucks and vans are primarily 3/4-ton or 1-ton pickups 
used on construction sites or 12- to 15-person passenger vans 

Class 7 and 8 
(26,001 pounds and above) 

Class 2b through 8 
(8,501 pounds and above) 

Class 2b and 3 
(8,501 to 14,000 pounds) 
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National Program standards beginning in MY 2014 as set by the GHG emissions portion of the rule, wi th standards represented by 
vehicle, including both the chassis and engine AE02012 assumes that vehicle chassis and engine manufacturers comply with the 
voluntary portion of the rule covering the fuel consumption standard AE02012 does not model the chassis and engine standards 
separately but allows the use of technologies to meet the H D  National Program combined engine and chassis standards 

Although they are not modeled separately in AE02012, GHG emission and fuel consumption standards for combination tractors 
are set for the tractor cabs and the engines used in those cabs separately in the H D  National Program Combination tractor cab 
standards are subdivided by GVWR (Class 7 or 8), cab type (day or sleeper), and roof type (low, mid, or high) Combination tractor 
engine standards are subdivided into medium heavy-duty diesel (for use in Class 7 tractors) and heavy heavy-duty diesel (for 
use in Class 8 tractors) (Table 2) Each tractor cab and engine combination is required to meet the GHG and fuel consumption 
standards for a given model year, unless they are made up by credits or other program flexibilities 

Again, although they are not modeled separately in AE02OI2, GHG emission and fuel consumption standards for vocational 
vehicles are set separately in the H D  National Program for the vehicle chassis and the engines used in the chassis Vocational 
vehicle chassis standards are subdivided in  the rule by GVWR (Classes 2b to  5, Classes 6 and 7, and Class 8) Vocational vehicle 
engine standards are subdivided into light heavy-duty diesel (for use in Classes 2b through 5), medium heavy-duty diesel (for 
use in  Classes 6 and 7), heavy heavy-duty diesel (for use in Class 81, and spark-ignited (primarily gasoline) engines (for use in all 
classes) (Table 3) Each vocational vehicle chassis and engine combination is required to  meet the GHG and fuel consumption 
standard for a given model year, unless made up by credits or other program flexibilities 

Standards for heavy-duty pickups and vans are based on the "work factor''-a weighted average of the vehicle's payload and 
towing capacity, adjusted for four-wheel drive capability The standards for heavy-duty pickups and vans are different for diesel 

Sleeper cab 
Roof type Class 7 Class 8 Class 8 

2014 GHG emissions standards (grams C 0 2  per ton-mile) 
Low roof 107 81 68 

Day cab 

Mid roof 

High roof 

119 

124 

2014-2016 voluntary fuel consumption standards (gallons per 1,000 ton-miles) 
Low roof 10 5 

Mid roof 

High roof 

2017 GHG emissions standards (grams C02 per ton-mile) 

Low roof 

Mid roof 

High roof 

11.7 

12 2 

104 

115 

120 

2017 fuel consumption standards (gallons per 1,000 ton-miles) 
Low roof 10 2 

Mid roof 11 3 
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High roof 11 8 8 7  7 1  

Light heavy-duty Medium heavy-duty Heavy heavy-duty 
Standard (Classes 2b-5) (Classes 6-71 (Class 8) 
2014 GHG emissions standard 
(grams COz per ton-mile) 3aa 234 226 
2016 fuel consumption standard 
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and gasoline engines (Figures 7 and 8) They differ from the standards for combination tractors and vocational vehicles in that 
they apply to the vehicle fleet average for each manufacturer for a given model year, based on a production volume-weighted 
target for each model, with targets differing by work factor attribute 

The final rulemaking exempts small manufacturers of heavy-duty engines, combination tractor cabs, or vocational vehicle chassis 
from the GHG emissions and fuel consumption standards Fuel consumption and GHG emissions for alternative-fuel vehicles, 
such as compressed natural gas vehicles, will be calculated according to their tailpipe emissions Finally, the rulemaking contains 
four provisions designed to give manufacturers flexibility in meeting the GHG and fuel consumption standards Both the EPA and 
NHTSA will allow for early compliance credits in MY 2013, manufacturer averaging, banking, and trading, advanced technology 
credits, and innovative technology credits Those flexibility provisions are not included in the AEO2OI2 Reference case 

The CSAPR was created to regulate emissions of sulfur dioxide ( S 0 2 )  and nitrogen oxides (NO,) from power plants greater 
than 25 megawatts that generate electric power from fossil fuels CSAPR is intended to assist States in achieving their National 
Ambient Air Quality Standards for fine particulate matter and ground-level ozone Limits on annual emissions of SO2 and NO, are 
designed to address fine particulate matter The seasonal NO, limits address ground-level ozone Twenty-three States are subject 
to the annual limits, and 25 States are subject to the seasonal limits [I21 
CSAPR replaces the Clean Air Interstate Rule (CAIR) CAlR is an interstate emissions cap-and-trade program for SO2 and NO, 
that would have allowed for unlimited trading among 28 eastern States It was finalized in 2005, and requirements for emissions 
reductions were scheduled to begin 2 0 0 9  In 2008, however, the U S Court of Appeals for the D C Circuit found that CAlR did 
not sufficiently meet the Clean Air Act requirements and directed the EPA to fix the flaws that it identified while CAlR remained 
in effect 

In July 2011, the EPA published CSAPR, with State coverage as shown in Figure 9 CSAPR consists of four individual cap-and-trade 
programs 

0 Group 1 SO2 rovers 16 States 

Group 2 SO2 covers 7 States [I31 
Annual NO, Group consists of an annual cap-and-trade program that covers all Group 1 and Group 2 SO2 States 

9 Seasonal NO, Group covers a separate set of States, 2 0  of which are also in the Annual NO, Group and 5 of which are not 

There are two SO2 control groups, because the EPA has determined that the States in Group 1 need to meet more stringent 
emissions reduction requirements 

All cap-and-trade programs specified in CSAPR are included in AE02072, but because the National Energy Modeling System 
(NEMS) does not represent electric power markets at the State level, the four group emissions caps and corresponding allowance 
trading could not be explicitly represented The cap-and-trade systems for annual SO2 and NO, emissions are implemented for 
the coal demand regions by aggregating the allowance budget for each State within a region 
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The EPA scheduled three annual cap-and-trade programs to commence in January 2012 and the summer season NO, program to 
begin in May 2012 For three of the four programs, the initial annual cap does not change over time For the Group 1 SO2 program, 
the emissions cap across States is reduced substantially in 2014 

Emissions trading is unrestricted within a group but is not allowed across groups Therefore, emissions allowances exist for four 
independent trading programs Each State is designated an annual emissions budget, with the sum of the budgets making up the 
overall group emissions cap Sources can collectively exceed State emissions budgets by close to 2 0  percent without any penalty 
If the sources collectively exceed the State emission budget by more than the 2 0  percent, the sources responsible must "pay a 
penalty" in addition to submitting the additional allowances The EPA set the penalties with the goal of ensuring that emissions 
produced by upwind States would not exceed assurance levels and contribute to air quality problems in downwind States The 
emissions allowances are allocated to generating units primarily on the basis of historical energy use 

CSAPR was scheduled to begin on January 1, 2012, but the Court of Appeals issued a stay that is delaying implementation while 
it addresses legal challenges to the rule that have been raised by several power companies and States [I41 CSAPR is included in 
AE02072 despite the stay, because the Court of Appeals had not made a final ruling at the time AE02072 was completed 

The MATS [ I S ]  are required by Section 112 of the 1990 Clean Air Act Amendments, which requires that maximum achievable 
control technology be applied to power plants to control emissions of hazardous air pollutants (HAPS) [I61 The MATS rule, 
finalized in December 2011, regulates mercury (Hg) and other HAPS from power plants MATS applies to Hg and hazardous acid 
gases, metals, and organics from coal- and oil-fired power plants with nameplate capacities greater than 25 megawatts [I71 The 
standards take effect in 2015 

The AE02072 Reference case assumes that all coal-fired generating units with capacity greater than 25 megawatts will comply 
with the MATS rule beginning in 2015 The MATS rule is not applied to oil-fired steam units in AEO2072 because of their small size 
and limited importance In order to comply with the MATS rule for coal, the NEMS model requires all coal-fired power plants to  

States controlled for both fine particles (annual SO:! and NO,) and ozone (ozone season NOx) (20 States) 

States controlled for fine particles only (annual SO:! and NO,) (3 States) 

States controlled for ozone only (ozone season NO,) (5 States) 

r-1 States not covered by the Cross-State Air Pollution Rule 
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reduce Hg emissions to  9 0  percent below their uncontrolled emissions levels by using scrubbers and activated carbon injection 
controls NEMS does not explicitly model the emissions of acid gases, toxic metals other than Hg, or organic HAPS Therefore, 
in order to measure the impact of these rules, specific control technologies-either flue gas desulfurization scrubbers or dry 
sorbent injection systems-are assumed to be used to achieve compliance A full fabric filter also is required to  meet the limits on 
emissions of metals other than Hg and to improve the effectiveness of the dry sorbent injection systems NEMS does not model 
the best practices associated with reductions in dioxin emissions, which also are covered by the MATS rule 

lose, the Regional Greenhouse Gas Initiative (RGGI) continued to apply to fossil- 
fuel-fired power plants larger than 25 megawatts capacity in the northeastern United States, despite New Jersey’s decision to 
withdraw from the program at the end of 2011 There are now nine States in the accord, which caps carbon dioxide (C02) emissions 
from covered electricity generating facilities and requires each ton of GO2 emitted to be offset by an allowance purchased at 
auction Because the program is binding, it is  included in AE02012 as specified in the agreement 

The reduction of GO2 emissions from the power sector in the RGGl region since 2 0 0 9  is primarily a result of broader market 
trends Since mid-2008, natural gas prices and electricity demand in the Northeast have fallen, while coal prices have increased 
Because the RGGI baseline and projected emissions were calculated before the economic recession that began in 2008, the 
emissions caps are higher than actual emissions have been, leading to an excess of available allowances in recent auctions In the 
past seven auctions, allowances have sold at the floor price of $1 89 per ton [183, indicating that emissions in the region are at or 
below the program-mandated ceiling 

As a result of the noncompetitive auctions, in which credits have not actually been traded but simply purchased at a floor price, 
several States have decided to  retire their excess allowances permanently [191, which will result in the removal of 67 million tons 
of GO2 from the RGGl emissions ceiling Moreover, the program began a stakeholder hearing process in January 2012 that will last 
through the summer of 2012 The hearings, which are designed to adjust the program at the end of the first compliance period, 
may alter the program significantly Because no changes have been finalized, however, modeling of the provisions in AEO20l2 is 
the same as in previous Annual Energy Outlooks 

The Western Climate Initiative is another program designed to establish a GHG emissions trading program, although the final 
details of the program remain undecided [ 2 0 ]  At the stakeholders meeting in January 2012, the commitment to emissions 
trading was reaffirmed Because of the continued uncertainty over the implementation and design of the final program, it is  not 
included in the AEO2012 projections 

The California cap-and-trade system for GHG emissions, designed by the California Air Resources Board (GARB) in response to 
California Assembly Bill 32, the Global Warming Solutions Act of 2 0 0 6  [21] ,  is discussed in the following section 

California Assembly Bill 32 (AB 321, the Global Warming Solutions Act of 2006, authorized the GARB to set California’s GHG 
reduction goals for 2020  and establish a comprehensive, multi-year program to reduce GHG emissions in California As one of 
the major initiatives for AB 32, GARB designed a cap-and-trade program that started on January 1, 2012, with the enforceable 
compliance obligations beginning in 2013 

The cap-and-trade program is intended to help California achieve i ts  goal of reducing emissions to 1990 levels by 2020 The 
program covers several GHGs, with the most significant being C02 [ 22 ]  In 2007, CARB determined that 427 million metric tons 
carbon dioxide equivalent (MMTC02e) was the total State-wide GHG emissions level in 1990 and, therefore, would be the 2020  
emissions target All electric power plants, large industrial facilities, suppliers of transportation fuel, and suppliers of natural gas 
in California are required to submit emissions allowances for each ton of C02 or CO2-equivalent emissions they produce, in order 
to comply with the final rule [23 ]  Emissions resulting from electricity generated outside California but consumed in the State also 
are subject to the cap 

The cap-and-trade program applies to multiple economic sectors throughout the State’s economy, but for AE02012, due to 
modeling limitations, it is assumed to be implemented only in the electric power sector AE02012 places limits on emissions from 
electric power plants and cogeneration facilities in California, as well as power plants in other States that sell power to California 
The cap is set to  begin in 2013 and to  decline linearly to 85 percent of the 2013 value by 2020  

The enforceable cap goes into effect in 2013, and there are three compliance periods-multi-year periods for which the compliance 
obligation is calculated for covered entities The first compliance period lasts for 2 years, and the second and third periods last for 
3 years each, as follows 

Compliance Period 1 2013-2014 

9 Compliance Period 2 2015-2017 

9 Compliance Period 3 2018-2020 
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Theelectricityand industrial sectors are required to comply with thecap startingin 2013 Suppliersof naturalgasand transportation 
fuels are required to  comply starting in 2015, when the second compliance period begins For the first compliance period, covered 
entities are required to submit allowances for up to 3 0  percent of their annual emissions in each year, however, at the end of 2014 
they are required t o  account for all the emissions for which they were responsible during the 2-year period 

Annual GHG allowance budgets for the State ( I  e ,  emissions caps) are set by the final rule [24] as follows for 2013, 162 8 
MMTC02e, for 2014, 159 7 MMTC02e,  for 2015, 394  5 MMTCO2e; for 2016, 382 4 MMTCOZe, for 2017, 370 4 MMTC02e, for 
2018,358 3 MMTCOZe, for 2019,346 3 MMTC02e, and for 2020,334 2 MMTCOze 

A majority of the allowances (51 percent) [25] allocated over the initial 8 years of the program will be distributed through auctions, 
which will be held quarterly when the program commences Auctions are set to  begin in 2012, and the program caps will take 
effect in 2013 Revenue gained from the auctions is  intended to be used for purposes related to AB 32, as determined by the 
Governor and the State Legislature 

Twenty-five percent of the allowances are allocated directly to electric utilities that sell electricity to consumers in the State 
The utilities are then required to put their allowances up for auction and use the revenue generated from the auction to credit 
ratepayers An exception is made for public power agencies, which will be able to keep allowances for compliance 

Seventeen percent of the allowances are allocated directly to industrial facilities covered by the rule, in order to mitigate the 
economic impact of the cap on the industrial sector Over the 2013-2020 period, the number of allowances allocated annually to 
the industrial sector declines linearly, by a total of 5 0  percent 

The remaining 7 percent of the allowances issued in a given year go into a cost containment reserve and forward reserve auction 
The cost containment reserve is intended to be called on only if allowance prices rise above a set amount Each entity can also use 
offsets to meet up to 8 percent of its compliance obligation Offsets used as part of the program must be approved by the GARB 

To the extent possible, AE02012 incorporates the impacts of State laws requiring the addition of renewable generation or capacity 
by utilities doing business in the States Currently, 3 0  States and the District of Columbia have an enforceable renewable portfolio 
standard (RPS) or similar laws (Table 4) Under such standards, each State determines its own levels of renewable generation, 
eligible technologies [261, and noncompliance penalties AEOZOl2 includes the impacts of all laws in effect at the end of 2011 (with 
the exception of Alaska and Hawaii, because NEMS provides electricity market projections for the contiguous lower 48 States 
only) However, the projections do not include policies with either voluntary goals or targets that can be substantially satisfied 
with nonrenewable resources In addition, the model is not able to treat fuel-specific provisions-such as those for solar and 
offshore wind energy-as distinct targets Where applicable, these distinct targets (sometimes referred to as "tiers," "set-asides," 
or "carve-outs") may be subsumed into the broader targets, or are not modeled because they may be met with existing capacity 
and/or projected growth based on modeled economic and policy factors 

In the AEOZOI2 Reference case, States generally are assumed to meet their ultimate RPS targets The RPS compliance constraint 
in most regions is approximated, because NEMS is not a State-level model, and each State generally represents only a portion 
of one of the NEMS electricity regions Compliance costs in each region are tracked, and the projection for total renewable 
generation is checked for consistency with any State-level cost-control provisions, such as caps on renewable credit prices, 

limits on State compliance funding, or impacts on consumer 
electricity prices In general, EIA has confirmed the States' 
requirements through original documentation, although the 
Database of State Incentives for Renewables & Efficiency was 
also used to support those efforts [271 5,000 
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No new RPS programs were enacted over the past year, 
however, some States with existing RPS programs made 
modifications in 2011 The aggregate RPS requirement for 
the various State programs, as modeled in AE02012, is 
shown in Figure 10 By 2025, these targets account for about 
10 percent of U 5 sales The requirement is derived from 
the legal targets and projected sales, and does not account 
for any discretionary or nondiscretionary waivers or limits 
on compliance found in most State RPS programs State 
RPS policies are not the only driver of growth in renewable 
generation, and a more complete discussion of those factors 
can be found in "Market trends " The following sections detail 
the significant changes made by the States In addition, Table 
4 provides a summary of all State RPS laws 
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CO 

CT 

DE 

State Program mandate 

AZ Arizona Corporate Commission Decision No 69127 requires 15 percent of electricity sales to be renewable by 2025, with 
interim goals increasing annually A specific percentage of the target must be from distributed generation Multiple credits 
may be provided to solar generation and systems manufactured in-State 

SBX1-2, enacted in 2011, requires that 33 percent of electricity sales be met by renewable sources by 2020 The legislation 
codifies the 33 percent requirement in Executive Order S-21-09, which served as a continuation of California's first RPS, in 
which investor-owned utilities (IOUs) were required to deliver 20  percent of sales from renewable sources Under SBX1-2, 
both lOUs and publicly owned municipal utilities are SUhjeCt to the RPS 

Enacted in March of 2010, House Bill (HB) 1001 strengthens the State's existing RPS program by requiring that 20  percent of 
electricity generated by lOUs in 2015 be renewable, increasing to 3 0  percent in 2020 There is also a distributed generation 
requirement In-State generation receives a 25-percent credit premium 

CA 

HI 

IL  

IA 

KS 

ME 

M D  

M A  

M I  

M N  

M O  

MT 

NV 

12 

Public Act 07-242 mandates a 27-percent renewable sales requirement by 2020, including a 4-percent mandate for 
higher efficiency or combined heat and power systems Of the overall total, 3 percent may be met by waste-to-energy and 
conventional biomass facilities 

Senate Substitute 1 amended Senate Bill (SB) 119 to extend the increasing RPS targets to 2025, 25 percent of generation is 
now required to come from renewable sources in 2025 There is a separate requirement for solar generation (3 5 percent of 
the total in 20251, and there are penalty payments for compliance failure Offshore wind generation receives 3.5 times the 
credit amount, and solar technologies receive 3 times the credit amount 

HB 1464 sets the renewable mandate at 40 percent by 2030 All existing renewable facilities are eligible to meet the target, 
which has two interim milestones (Not included in NEMS ) 

Public Act 095-0481 created an agency responsible for overseeing the mandate of 25-percent renewable sales by 2025, 
with escalating annual targets In addition, 75 percent of the required sales must be generated from wind, 6 percent from 
solar, and 1 percent from distributed generation The plan also includes a cap on the incremental costs resulting from the 
penetration of renewable generation In 2009, the rule was modified to cover sales outside a utility's home territory 

In 1983, a capacity mandate of 105 megawatts of renewable energy capacity was adopted By the end of 2010, Iowa had well 
over 3,000 megawatts of wind-powered capacity alone 

In 2009, HB 2369 established a requirement that 2 0  percent of installed capacity must use renewable resources by 2020. 

In 2007, Public Law 403 was added to the State's RPS requirements The law requires that 10 percent of sales come from 
new renewable capacity by 2017, and that level must be maintained in subsequent years The years leading up to 2017 also 
have new generation milestones Generation from eligible community-owned facilities receives a IO-percent credit premium 

In April 2008, HB 375 revised the preceding RPS to contain a 20-percent target by 2022, including a 2-percent solar target 
HE 375 also raised penalty payments for "Tier 1" compliance shortfalls to 4 cents per kilowatthour. SB 277, while preserving 
the 2-percent by 2022 solar target, made the interim solar requirements and penalty payments slightly less stringent In 
2011, SB 717 extended the eligibility of the solar target to include solar water heating systems 

The State RPS has a goal of a 15-percent renewable share of total sales by 2020 and includes necessary payments for 
compliance shortfalls Eligible biomass is restricted to low-carbon life cycle emission sources A Solar Carve-Out Program 
was also added, which seeks to establish 400 megawatts of solar generating capacity. 

Public Act 295, enacted in 2008, established an RPS that will require 10 percent of all electricity sales to be generated from 
renewable sources by 2015 Double credits are given to solar energy In addition, the State's large utilities are required to 
procure an additional combined total of 1,100 megawatts of renewable capacity by 2015, although generation from those 
facilities may be counted toward the generation-based RPS 

SF 4 created a 30-percent renewable requirement by 2020 for Xcel, the State's largest supplier, and a 25-percent 
requirement by 2025 for other suppliers. The 30-percent requirement for Xcel consists of 24 percent that must be from 
wind, 1 percent that can be from wind or solar, and 5 percent that can be from other resources. 

In November 2008, Missouri voters approved Proposition C, which mandates a 2-percent renewable energy requirement in 
2011, increasing incrementally to 15 percent of generation in 2021 Bonus credits are given to renewable generation within 
the State 

HB 681, approved in April 2007, expanded the State RPS provisions to all suppliers Initially the law covered only regulated 
utilities A 15-percent share of sales must be renewable by 2015 The State operates a renewable energy credit market. 

The State has an escalating renewable target, established in 1997 and most recently revised in 2009 by SB 358, which 
mandates a 25-percent renewable generation share of sales by 2025. Up to one-quarter of the 25-percent share may be met 
through efficiency measures There is also a minimum requirement for photovoltaic systems, which receive bonus credits 

(continued on next p a g e )  
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Program mandate 

HB 873, passed in May 2007, legislated that 23 8 percent of electricity sales must be met by renewables in 2025 
Compliance penalties vary by generation type 

In 2006, the New Jersey Board of Public Utilities revised the State RPS to increase the renewable generation target to 22 5 
percent of sales by 2021, with interim targets Assembly Bill (AB) 3520, enacted in 2010, further refines the mandate to 
include 5,300 gigawatthours of solar generation by 2026, with the percentage-based RPS component to reach 20 38 
percent by 2021, not including the required solar generation SB 2036 has a specific provision for offshore wind, with a goal to 
develop 1,100 megawatts of capacity 

SB 418, passed in March 2007, directs investor-owned utilities to derive 20 percent of their sales from renewable generation 
by 2020 The renewable portfolio must consist of diversified technologies, with wind and solar each accounting for 20 
percent of the target There is a separate standard of 10 percent by 2020 for cooperatives 

The Public Service Commission issued updated RPS rules in January 2010 that expand the program to a 30-percent 
requirement by 2015 There is also a separate end-use standard The program is administered and funded by the State 

In 2007, SB 3 created an RPS of 12 5 percent by 2021 for investor-owned utilities There is also a 10-percent requirement 
by 2018 for cooperatives and municipals Through 2018,25 percent of the target may be met through efficiency standards, 
increasing to 40 percent in later years Verifiable electricity demand reduction can also satisfy the RPS, with no upper limit 

SB 221, passed in May 2008, requires 25 percent of electricity sales to be produced from alternative energy resources 
by 2025, including low-carbon and renewable technologies One-half of the target must come from renewable sources 
Municipals and cooperatives are exempt 

SB 838, signed into law in June 2007, requires that renewable generation account for 25 percent of sales by 2025 for large 
utilities, and 5 to 10 percent of sales by 2025 for smaller utilities Renewable electricity on line after 1995 is considered eligible 

The Alternative Energy Portfolio Standard, signed into law in November 2004, has an 18-percent requirement by 2020 
Most of the qualifying generation must be renewable, but there is also a provision that allows waste coal resources to 
receive credits 

The Renewable Energy Standard was signed into law in 2004 The program requires that 16 percent of total sales be 
renewable by 2019 The interim program targets escalate more rapidly in later years If the target is not met, a generator 
must pay an alternative compliance penalty State utilities also must procure 90 megawatts of new renewable capacity, 
including 3 megawatts of solar, by 2014 

SB 20, passed in August 2005, strengthened the State RPS by mandating 5,880 megawatts of renewable capacity by 2015 
There is also a target of 500 megawatts of renewable capacity other than wind 

In November 2006, Washington voters approved Initiative 937, which specifies that 15 percent of sales from the State's 
largest generators must come from renewable sources by 2020 There is an administrative penalty of 5 cents per 
kilowatthour for noncompliance Generation from any otherwise qualified facility that came on line after 1999 is eligible 

HB 103, passed in June 2009, established a requirement that 25 percent of electricity sales must come from alternative 
energy resources by 2025 Alternative energy was defined to include various renewables, along with several different fossil 
energy technologies 

SB 459, passed in March 2006, strengthened the State RPS with a requirement that, by 2015,lO percent of electricity sales 
must be generated from renewable resources, and that the renewable share of total generation must be at least 6 percentage 
points above the average renewable share from 2001 to 2003 

The State codified i ts RPS of 33 percent by 2 0 2 0  through the passage of SBX1-2, the California Renewable Energy Resources Ac t  
[28] The California Public Utilities Commission and California Energy Commission are the primary implementing authorities 
for SBX1-2, which builds o n  California's prior RPS mandate for 20 percent of electricity sales by 2010 [29] SBX1-2 extends the 
application of the RPS to local publicly owned utilities, which had greater flexibility under the State's previous RPS mandate SBX1- 
2 supersedes the 2009 Executive Order that charged the CARB with implementing the 33-percent RPS, however, CARB does 
retain an enforcement role over publicly owned local utilities Because implementing regulations were not available at the t ime the 
AE02012 projections were being developed, the 2009 Executive Order was modeled Although the targets specified in the two  
programs are similar, enforcement mechanisms may differ significantly 

Connecticut 
Public Act 11-80 adds a solar-specific component to the existing RPS target, which requires that renewables should account for 27 
percent of sales by 2 0 2 0  [30] The State's Clean Energy Finance and Investment Authority is tasked wi th  creating an investment 
program that will result in the procurement of 30 megawatts of residential solar installations that can be  counted toward the 
general RPS requirement 
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elaware 
Delaware enacted SB 124, which extends the list of sources eligible to meet the State's RPS to include fuel cells under certain 
conditions [371 Fuel cell projects that can be fueled by renewable sources and that are owned or operated by qualified providers 
can apply to earn renewable energy credits and, on a limited basis, solar renewable energy credits 

]Illinois 
Wi th  the enactment of SB 1652, the State augmented its existing RPS to include a distributed generation requirement [32] SB 
1652 requires that 1 percent of the renewable target (25 percent of sales from renewable sources by 2025 for large utilities) be 
fulfilled by distributed generation by mid-2015, with incremental targets beginning to take effect in 2013 

Maryland 
The State enarted two pieces of legislation that allow for additional flexibility in meeting the existing RPS target of 2 0  percent 
of sales from renewable generation by 2022 SB 6 9 0  extends the designation of waste-to-energy facilities as qualifying to meet 
the 20-percent target beyond 2022, rather than sunsetting [33] In addition, SB 717 specifies that solar water heating systems 
may also fulfill the solar set-aside requirement, which requires that solar sources account for 2 percent of electricity sales by 
2022 [34] 

North Carolina 
North Carolina enacted SB 75, which allows reductions in electricity demand to  qualify toward meeting the State's existing 
renewable energy and energy efficiency portfolio standard The legislation defines electricitydemand reduction as a "measureable 
reduction in the electricity demand of a retail electric customer that is voluntary, under the real-time control of both the electric 
power supplier and the retail electric customer, and measured in real time, using two-way communications devices that 
communicate on the basis of standards" [35] There is no upper limit on the portion of the RPS requirement that can be met by 
electricity demand reduction 

The Low Carbon Fuel Standard (LCFS), administered by the CARB [ X I ,  was signed into law in January 2010 Regulated parties 
under the legislation generally are the fuel producers and importers who sell motor gasoline or diesel fuel in California The 
LCFS legislation is designed to  reduce the carbon intensity (CI) of motor gasoline and diesel fuels sold in California by 10 percent 
between 2012 and 2020  through the increased sale of alternative "low-carbon" fuels Each alternative low-carbon fuel has its 
own CI, based on life-cycle analyses conducted under the guidance of CARB for a number of approved fuel pathways The CIS are 
calculated on an energy-equivalent basis, measured in grams of COZ equivalent emissions per megajoule 

In December 2011, the U S District Court for the Eastern Division of California ruled in favor of several trade groups that claimed 
the LCFS violated the interstate commerce clause of the U S Constitution by seeking to regulate farming and ethanol production 
practices in other States, and granted an injunction blocking enforcement by CARB [371 The future of the LCFS program remains 
uncertain After the initial ruling, a request for a stay of the injunction was quickly filed by CARB, which would have allowed the 
LCFS to remain in place during the appeal process, however, that request was denied by the same judge who initially blocked 
enforcement of the LCFS [38] A new request for a stay of injunction while CARB appeals the original ruling was filed with the 
U S Ninth District Court of Appeals and was granted as of April 23, 2012 [39] A decision on the appeal filed by CARB is yet to 
be made As a result of the initial ruling's timing, along with EIAs prior completion of modeling efforts, the LCFS IS not included 
in the AEO2072 Reference case [40] 
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Links current as of June 2012 

5 A complete list of the laws and regulations included in AE02012 is provided in Assumptions to the Annual Energy Outlook 2072, 
Appendix A, website 

6 U S Environmental P ty Administration, "Greenhouse Gas Emissions 
Standards and Fuel Efficiency Standards for Medium- and Heavy-Duty Engines 

ashington, DC September 15,2011), pp 57106-57513, website 

7 
8 

9 

U S Environmental Protection Agency, "Cross-State Air Pollution Rule (CSAPR)," website 

U S Environmental Protection Agency, "Mercury and Air Toxics Standards," website 

U S Environmental Protection Agency and National Highway Traffic Safety Administration, "Greenhouse Gas Emissions 
Standards and Fuel Efficiency Standards for Medium- and Heavy-Du 
Vol 76, No 179 (Washington, DC September 15, 2011), website 

10 For purposes of this final rulemaking, heavy-duty trucks are those with a gross vehicle weight rating of at least 8,501 pounds, 
except those Class 2 b vehicles of 8,501 to 10,000 pounds that are currently covered under light-duty vehicle fuel economy 
and greenhouse gas emissions standards 

11 Congressional Research Service, Energy Independence and Securi or f ro  de 
RL34294 (Washington, DC December 2007), website 

12 U S Environmental Protection Agency, Cross-State Air Pollution R ublic Health (Washington, 
DC December 15, 2011), website 

13 U S Environmental Protection Ag  ublicHealth (Washington, 
DC December 15, 2011), Slide 3, website 

14 T Schoenberg, B Wingfield, and J Johnsson, "EPA Cross-State Emissions Rule Put on Hold by Court," Bloomberg 

15 The AEO20l2 Early Release Reference case was prepared before the final MATS rule was issued and, therefore, did not 
include MATS 

16 U S Environmental Protection Agency, "National Emission Standards for Hazardous Air Pollutants From Coal- and Oil- 
Fired Electric Utility Steam Generating Units and Standards of Performance for Fossil-Fuel-Fired Electric Utility, Industrial- 
Commercial-Institutional, and Small In 
32 (Washington, DC February 16,20121, pp 9304-9513, website 

17 The Clean Air Act, Section ll2(a)(8), defines an electric generating uni 

18 Regional Greenhouse Gas Initiative, "COz Auctions, Tracking & Offsets," website 

19 M Navarro, "Regional Cap-and-Trad 
(January 26, 2012), website 

22 California Code 
on Greenhouse 

Change, Article 5, Sections 95800 to 96023, Title 17, "Calif 
pliance Mechanisms" (Sacramento, CA July 2011), website 

July 20111, website 

24 California Code of Regulations, Subchapter 10 Climate Change, Article 5, Section 95841, "Annual Allowance Budgets 
for Calendar Years 2013-2020" (Sacramento, CA July 20111, website 

U S Energy Information Administration 1 Annual Energy Outlook 2012 15 



Exhibit-RW-6 

25 California Air Resources Board, Proposed Regulation to Implement the California Cap-and-Trade Program, Appendix J, "Allowance 
Allocation" (Sacramento, CA October 2010), p 12, website 

26 The eligible technology, and even the definition of the technology or fuel category, will vary by State For example, one State's 
definition of renewables may include hydroelectric power generation, while another's definition may not Table 4 provides 
more detail on how the technology or fuel category is defined by each State 

27 More information about the Database of State Incentives for Renewables & Efficiency can be found at website 

alifornia, Senate Bil l  2, "California Renewable Energy Resources Act" (Sacramento, CA April 2011), website 

31 State of Delaware, Senate Bill 124, "An Act To Amend Title 26 Of The Delaware Code Relating To Del 

oncerning Renewable Energy Portfolio - Waste-to-Energy and Refuse-Derived 
Fuel" (Annapolis, M D  May  29, 2011), website 

3 4  State of Maryland, Senate Bill 717, "An Act Concerning Renewable Energy Portfolio Standard - Renewable Energy Credits - 
Solar Water Heating Systems" (Annapolis, M D  May 29, 2011), website 

35 General Assembly of North Carolina, Senate Bill 75, "An Act to Promote the Use of Electricity Demand Reduction to Satisfy 
Energy Portfolio Standards" (Raleigh, NC April 28, 2011), website 

3 6  California Code of Regulations, Subchapter 10 Climate Change, Ar 
"Low Carbon Fuel Standard," (Sacramento, CA July 2011), website 

37 State of California, "Low Ca 
December 2011), website 

gulatory Advisory 10-048'' (Sacramento, CA 

40 The LCFS was included in the AE02012 Early Release Reference case, which was completed before the ruling by the Court 
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focus" section of the Annual Energy Outlook (AEO) provides an in-depth discussion on topics of special interest, 
including significant changes in assumptions and recent developments in technologies for energy production and consumption 
Detailed quantitative results are available in Appendix D The first topic updates a discussion included in the AnnualEnergy Outlook 
2011 (AEO2011) that compared the results of two cases with different assumptions about the future course of existing energy 
policies One case assumes the elimination of sunset provisions in existing energy policies, that is, the policies are assumed not 
to sunset as they would under current law The other case assumes the extension or expansion of a selected group of existing 
policies-corporate average fuel economy (CAFE) standards, appliance standards, and production tax credits (PTCs)--in addition 
to the elimination of sunset provisions 

Other topics discussed in this section as identified by subsection number include (2) oil price and production trends in the 
Annual Energy Outlook 2012 (AEOZOIZ), (3) potential efficiency improvements and their impacts on end-use energy demand, (4) 
energy impacts of proposed CAFE standards for light-duty vehicles (LDVs), model years (MY51 2017 to 2025, (5) impacts of 
a breakthrough in battery vehicle technology, ( 6 )  heavy-duty (HD) natural gas vehicles (NGVs), (7) changing structure of the 
refining industry, (8) changing environment for fuel use in electricity generation, (9) nuclear power in AE02012, (10) potential 
impact of minimum pipeline throughput constraints on Alaska North Slope oil production, (11) U S crude oil and natural gas 
resource uncertainty, and (12) evolving Marcellus shale gas resource estimates 

The topics explored in this section represent current and emerging issues in energy markets, but many of the topics discussed in 
AEOs published in recent years also remain relevant today Table 5 provides a list of titles from the 2011, 2010, and 2 0 0 9  AEOs 
that are likely to  be of interest to today's readers-excluding topics that ar 
be found on the U S Energy Information Administration (EIA) website at 

Background 
The AE02072 Reference case is best described as a "current laws and regulations" case, because it generally assumes that 
existing laws and regulations will remain unchanged throughout the projection period, unless the legislation establishing them 
sets a sunset date or specifies how they will change The Reference case often serves as a starting point for the analysis of 
proposed legislative or regulatory changes While the definition of the Reference case is relatively straightforward, there may be 
considerable interest in a variety of alternative cases that reflect the updating or extension of current laws and regulations In that 
regard, areas of particular interest include - Laws or regulations that have a history of being extended beyond their legislated sunset dates Examples include the various 

tax credits for renewable fuels and technologies, which have been extended with or without modifications several times since 
their initial imulementation 

AE02011 A EO20 10 

Increasing light-duty vehicle greenhouse gas 
and fuel economy standards for model years 
2017 to 2025 

Fuel consumption and greenhouse gas 
emissions standards for heavy-duty vehicles 

Energy intensity trends in AE02070 

Natural gas as a fuel for heavy trucks Issues 
and incentives 

Potential efficiency improvements in 
alternative cases for appliance standards 
and building codes 

Potential of offshore crude oil and natural 
gas resources reservoirs 

Prospects for shale gas 

Cost uncertainties for new electric power 
plants from biomass energy combustion 

Carbon capture and storage: Economics and 
issues 

Power sector environmental regulations on 
the horizon 

Factors affecting the relationship between 
crude oil and natural gas prices 

Importance of low permeability natural gas 

U.S. nuclear power plants. Continued life or 
replacement after 60? 

Accounting for carbon dioxide emissions 

AE02009 

Economics of plug-in hybrid electric vehicles 

Impact of limitations on access to oil and 
natural gas resources in the Federal Outer 
Continental Shelf 

Expectations for oil shale production 

Bringing Alaska North Slope natural gas to 
market 

Natural gas and crude oil prices in AE02009 

Greenhouse gas concerns and power sector 
planning 

Tax credits and renewable generation 
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Laws or regulations that call for the periodic updating of initial specifications. Examples include appliance efficiency standards 
issued by the U S Department of Energy (DOE), and CAFE and greenhouse gas (GHG) emissions standards for vehicles issued 
by the National Highway Traffic Safety Administration (NHTSA) and the U.S. Environmental Protection Agency (EPA) 

0 Laws or regulations that allow or require the appropriate regulatory agency to  issue new or revised regulations under certain 
conditions Examples include the numerous provisions of the Clean Air Act that require the EPA to issue or revise regulations 
i f  i t  finds that an environmental quality target is not being met. 

To provide some insight into the sensitivity of results to scenarios in which existing tax credits do not sunset, two alternative cases 
are discussed in this section No attempt is made to cover the full range of possible uncertainties in these areas, and readers 
should not view the cases discussed as EIA projections of how laws or regulations might or should be changed 

Analysis cases 
The two cases prepared-the No Sunset and Extended Policies cases-incorporate all the assumptions from the AE02012 
Reference case, except as identified below Changes from the Reference case assumptions in these cases include the following 

No Sunset case 
0 Extension through 2035 of the PTC for cellulosic biofuels of up to $1.01 per gallon (set to expire at the end of 2012) 

* Extension of tax credits for renewable energy sources in the utility, industrial, and buildings sectors or for energy-efficient 
equipment in the buildings sector, including: 

- The PTC of 2.2 cents per kilowatthour or the 30-percent investment tax credit (ITC) available for wind, geothermal, biomass, 
hydroelectric, and landfill gas resources, currently set to expire at the end of 2012 for wind and 2013 for the other eligible 
resources, are assumed to be extended indefinitely 

- For solar power investment, a 30-percent ITC that is scheduled to revert to  a 10-percent credit in 2016 is, instead, assumed 
to be extended indefinitely at 3 0  percent. 

- In the buildings sector, tax credits for the purchase of energy-efficient equipment, including photovoltaics (PV) in new houses, 
are assumed to be extended indefinitely, as opposed to ending in 2011 or 2016 as prescribed by current law The business 
ITCs for commercial-sector generation technologies and geothermal heat pumps are assumed to be extended indefinitely, as 
opposed to expiring in 2016, and the business ITC for solar systems is assumed to remain at 3 0  percent instead of reverting 
to 10 percent. 

- In the industrial sector, the ITC for combined heat and power (CHP) that ends in 2016 in the AE02072 Reference case is  
assumed to be preserved through 2035, the end of the projection period. 

Extended Policies case 
The Extended Policies case includes additional updates in Federal equipment efficiency standards that were not considered in the 
Reference case or No Sunset case. Residential end-use technologies subject to updated standards are not eligible for tax credits 
in addition to the standards Also, the PTC for cellulosic biofuels beyond 2012 is not included because the renewable fuel standard 
(RFS) program that is already included in the AE02072 Reference case tends to be the binding driver of cellulosic biofuels use. 
Other than these exceptions, the Extended Policies case adopts the same assumptions as the No Sunset case, plus the following: 

9 Federal equipment efficiency standards are updated at periodic intervals, consistent wi th the provisions in the existing law, 
with the levels based on ENERGY STAR specifications, or Federal Energy Management Program (FEMP) purchasingguidelines 
for Federal agencies. Standards are also introduced for products that are not currently subject to Federal efficiency standards. 

* Updated Federal residential and commercial building energy codes reach 30-percent improvement in 2020  relative to the 
2 0 0 6  International Energy Conservation Code in the residential sector and the American Society of Heating, Refrigerating and 
Air-conditioning Engineers Building Energy Code 90.1-2004 in the commercial sector. Two subsequent rounds in 2023 and 
2026 each add an assumed 5-percent incremental improvement to building energy codes. 

The equipment standards and building codes assumed for the Extended Policies case are meant to illustrate the potential effects 
of these policies on energy consumption for buildings. No cost-benefit analysis or evaluation of impacts on consumer welfare 
was completed in developing the assumptions. Likewise, no technical feasibility analysis was conducted, although standards 
were not allowed to exceed "maximum technologically feasible" levels described in DOE'S technical support documents. 

* The AE02072 Reference, No Sunset, and Extended Policies cases include both the attribute-based CAFE standards for LDVs 
for M Y  2011 and the joint attribute-based CAFE and vehicle GHG emissions standards for MY 2012 to M Y  2016. However, the 
Reference and No Sunset cases assume that LDV CAFE standards increase to 35 miles per gallon (mpg) by M Y  2020, as called 
for in the Energy Independence and Security Act of 2007 (EISA2007), and that the CAFE standards are then held constant in 
subsequent model years, although the fuel economy of new LDVs continues to rise modestly over time. 

The Extended Policies case modifies the assumption in the Reference and No Sunset cases by assuming the incorporation of 
the proposed CAFE standards recently announced by the EPA and NHTSA for M Y  2017 through M Y  2025, which call for an 
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annual average increase in fuel economy for new LDVs of 3 9 percent After 2025, CAFE standards are assumed to increase at 
an average annual rate of 1 5 percent through 2035 

* In the industrial sector, the ITC for CHP is extended to cover all system sizes (limited to only capacities between 25 and 5 0  
megawatts in the Reference case), which may include multiple units Also, the ITC is modified to increase the eligible CHP unit 
cap from 15 megawatts to 25 megawatts These extensions are consistent with previously proposed or pending legislation 

Aiiallysis results 
The changes made to Reference case assumptions in the No Sunset and Extended Policies cases generally lead to lower estimates 
for overall energy consumption, increased use of renewable fuels, particularly for electricity generation, and reduced energy- 
related emissions of carbon dioxide (COz) Because the Extended Policies case includes most of the assumptions in the No Sunset 
case but adds others, the impacts in the Extended Policies case tend to be greater than those in the No Sunset case Although 
these cases show lower energy prices-because the tax credits and end-use efficiency standards lead to lower energy demand 
and reduce the cost of renewable fuels-consumers spend more on appliances that are more efficient in order to comply with 
the tighter appliance standards, and the Government receives lower tax revenues as consumers and businesses take advantage 
of the tax credits 

Energy consumption 
Total energy consumption in the No Sunset case is close to the level in the Reference case (Figure 11) Improvements in energy 
efficiency lead to  reduced consumption in this case, but somewhat lower energy prices lead to higher relative consumption, 
offsetting some of the impact of the improved efficiency 

Total energy consumption growth in the Extended Policies case is markedly below the Reference case projection In 2035, total 
energy consumption in the Extended Policies case is nearly 6 percent below its projected level in the Reference case 

Buildings energy consumption 
The No Sunset case extends tax credits for residential and commercial renewable energy systems and for the purchase of energy- 
efficient residential equipment The Extended Policies case builds on the No Sunset case by assuming updated Federal equipment 
efficiency standards and new standards for some products that are not currently subject to standards For residential end-use 
technologies subject to standards, updated standards are assumed to replace any extension of incentives from the No Sunset 
case. Federal residential and commercial building energy codes are also improved as described above Renewable distributed 
generation (DG) technologies (PV systems and wind turbines) provide much of the buildings-related energy savings in the No 
Sunset case Extended tax credits in the No Sunset case spur increased adoption of renewable DG systems, leading to 110 billion 
kilowatthours of onsite electricity generation in 2035-more than four times the amount of onsite electricity generated in 2035 
in the Reference case Similar adoption of renewable DG takes place in the Extended Policies case Wi th  the additional efficiency 
gains from assumed future standards and more stringent building codes, delivered energy consumption for buildings in 2035 is 
6 .8 percent (1 5 quadrillion Btu)  lower in the Extended Policies case than in the Reference case, a reduction nearly five times as 
large as the 1 4-percent (0 3 quadrillion Btu) reduction in the No Sunset case 

Electricity use shows the largest reduction relative to the Reference case, with buildings electricity consumption 2 4 percent and 
8 2 percent lower, respectively, in the No Sunset and Extended Policies cases in 2035 Space heating and cooling are affected 

by both assumed standards and building codes, leading to 
significant savings in energy consumption for heating and 
cooling in the Extended Policies case In 2035, energy use for 
space heating in buildings is 6 9 percent lower, and energy 
use for space cooling is 17 3 percent lower, in the Extended 
Policies case than in the Reference case In addition to 
improved standards and codes, extended tax credits for PV 
prompt increased adoption, offsetting some of the purchased 
electricity for cooling New standards for televisions and 
for personal computers (PCs) and related equipment in the 
Extended Policies case lead to savings of 2 0  6 percent and 
18 2 percent, respectively, in residential electricity use by this 
equipment in 2035 relative to the Reference case Residential 
and commercial natural gas use declines from 8.3 quadrillion 
Btu in 2010 to 7.9 quadrillion Btu in 2035 in the Extended 
Policies case, representing a 6 2-percent reduction from the 
Reference case in 2035 
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Industrial energy consumption 
The Extended Policies case modifies the Reference case by extending the existing industrial CHP ITC through the end of the projection 
period, expanding it to include all industrial CHP system sizes, and raising the maximum credit that can be claimed from 15 megawatts 
of installed capacity to 25 megawatts These assumptions are based on the current proposals in H R 2750 and H.R 2784 of the 112th 
Congress The changes result in 2 7 gigawatts of additional industrial CHP capacity over the Reference case level in 2035. Natural gas 
consumption in the industrial sector (excluding refining) increases from 7.3 quadrillion Btu in the Reference case to 7 4  quadrillion Btu 
in the Extended Policies case, a 1.6-percent rise Electricity purchases are nearly unchanged in the Extended Policies case, as additional 
demand for electricity relative to the Reference case is fulfilled almost exclusively by increased generation from CHP 

Transportation energy consumption 
The Extended Policies case modifies the Reference case and No Sunset case by assuming the incorporation of the CAFE standards 
recently proposed by the EPA and NHTSA for MY 2017 through 2025, which call for a 3 9-percent annual average increase in fuel 
economy for new LDVs, with CAFE standards applicable after 2025 assumed to increase at an average annual rate of 1 5  percent 
through 2035 Sales of vehicles that do not rely solely on a gasoline internal combustion engine for both motive and accessory power 
(including those that use diesel, alternative fuels, and/or hybrid electric systems) play a substantial role in meeting the higher fuel 
economy standards, growing to almost 8 0  percent of new LDV sales in 2035, compared with about 35 percent in the Reference case 

LDV energy consumption declines in the Extended Policies case, from 16.6 quadrillion Btu (8.9 million barrels per day) in 2010 
to 12.9 quadrillion Btu (7.3 million barrels per day) in 2035, about a 20-percent reduction from the Reference case in 2035 
Petroleum and other liquids fuels consumption in the transportation sector declines in the Extended Policies case, from 13.8 
million barrels per day in 2010 to 12 7 million barrels per day in 2035, compared to an increase in the Reference case to 14.4 million 
barrels per day (Figure 12) 

Renewable electricity generation 
The extension of tax credits for renewables through 2035 would, over the long run, lead to more rapid growth in renewable 
generation than in the Reference case. When the renewable tax credits are extended without extending energy efficiency 
standards, as is  assumed in the No Sunset case, there is a significant increase in renewable generation in 2035 relative to the 
Reference case (Figure 13) Extending both renewable tax credits and energy efficiency standards (Extended Policies case) results 
in more modest growth in renewable generation, because renewable generation in the near term is a significant source of new 
generation to  meet load growth, and enhanced energy efficiency standards tend to reduce overall electricity consumption and the 
need for new generation resources. 

In the No Sunset and Extended Policies cases, renewable generation more than doubles from 2010 to 2035, as compared with 
a 77-percent increase in the Reference case. In 2035, the share of total electricity generation accounted for by renewables is 
between 19 and 2 0  percent in both the No Sunset and Extended Policies cases, as compared with 15 percent in the Reference case. 

In all three cases, the most rapid growth in renewable capacity occurs in the very near term, largely as the result of projects already 
under construction or planned. After that, the growth slows through 2020  before picking up again. Some of the current surge of 
renewable capacity additions is occurring in anticipation of the expiration of Federal incentives within the next year (for wind) or 
two (for other renewable fuels except solar). Results from the No Sunset and Extended Policies cases indicate that, given sufficient 
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lead time, a long-term extension of these expiring provisions could result in the postponement of some near-term activity to 
better match projected patterns of load growth Wi th slow growth in electricity demand and the addition of capacity stimulated 
by renewable incentives, little new capacity is needed between 2015 and 2020  In addition, in some regions, attractive low-cost 
renewable resources already have been ,developed, leaving only less favorable sites that may require significant investment in 
transmission as well as other additional infrastructure costs. Starting around 2020, significant new sources of renewable generation 
also appear on the market as a result of cogeneration at biorefineries built primarily to produce renewable liquid fuels to meet the 
Federal RFS, where combustion of waste products to produce electricity is an economically attractive option 

Between 2020 and 2025, renewable generation in the No Sunset and Extended Policies cases starts to increase more rapidly than 
in the Reference case, and, as a result, generation from nuclear and fossil fuels is reduced from the levels in the Reference case. 
Natural gas represents the largest source of displaced generation. In 2035, electricity generation from natural gas is 11 percent 
lower in the No Sunset case and 15 percent lower in the Extended Policies case than in the Reference case (Figure 14) 

Energy-related CQ2 emissions 
In the No Sunset and Extended Policies cases, lower overall energy demand leads to lower levels of energy-related C02 emissions 
than in the Reference case. The Extended Policies case shows much larger emissions reductions than the No Sunset and Reference 
cases, due in part to the inclusion of tighter LDV fuel economy standards for M Y  2017 through MY 2035 From 2010 to 2035, 
energy-related COZ emissions are reduced by a cumulative total of 4.3 billion metric tons (a 3.0-percent reduction over the 
period) in the Extended Policies case from the Reference case projection, as compared with 0.9 billion metric tons (a 0.6-percent 
reduction over the period) in the No Sunset case (Figure 15) The increase in fuel economy standards assumed for new LDVs in 
the Extended Policies case is responsible for more than 40 percent of the total reduction in C02 emissions in 2035 in comparison 
with the Reference case. The balance of the reduction in C02 emissions is a result of greater improvement in appliance efficiencies 
and increased penetration of renewable electricity generation. 

The majority of the emissions reductions in the No Sunset case result from increases in renewable electricitygeneration. Consistent 
with current EIA conventions and EPA practice, emissions associated with the combustion of biomass for electricity generation 
are not counted, because they are assumed to be balanced by carbon uptake when the feedstock is grown. A small reduction 
in transportation sector emissions in the No Sunset case is counterbalanced by an increase in emissions from refineries during 
the production of synthetic fuels that receive tax credits. Relatively small incremental reductions in emissions are attributable to 
renewables in the Extended Policies case, mainly because electricity demand is lower than in the Reference case, reducing the 
consumption of all fuels used for generation, including biomass 

In the residential sector, in both the No Sunset and Extended Policies cases, water heating, space cooling, and space heating 
together account for most of the emissions reductions from Reference case levels. In the commercial sector, only the Extended 
Policies case projects substantial reductions of emissions in those categories. In the industrial sector, the Extended Policies 
case projects reduced emissions as a result of decreases in electricity purchases and petroleum use that are partially offset by 
increased reliance on natural gas-for example, increased use of natural gas fired industrial CHP. 

Energy prices and tax credit payments 
Wi th lower levels of overall energy use and more consumption of renewable fuels in the No Sunset and Extended Policies cases, 
energy prices are lower than in the Reference case In 2035, natural gas wellhead prices are $0 44 per thousand cubic feet (6  6 
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percent) and $ 0  82 per thousand cubic feet (12 3 percent) lower in the No Sunset and Extended Policies cases, respectively, than in 
the Reference case (Figure 16), and electricity prices are about 2 percent and 5 percent lower than in the Reference case (Figure 17). 

The reductions in energy consumption and COz emissions in the Extended Policies case are accompanied by higher equipment 
costs for consumers and revenue reductions for the U S. Government From 2012 to 2035, residential and commercial consumers 
spend, on average, an additional $19 billion per year (in 2010 dollars) for newly purchased end-use equipment, distributed 
generation systems, and residential building shell improvements in the Extended Policies case as compared with the Reference 
case On the other hand, they save an average of $22 billion per year on energy purchases. 

Tax credits paid to consumers in the buildings sector (or, from the Government's perspective, reduced revenue) in the No Sunset 
case average $5 billion (real 2010 dollars) more per year than in the Reference case, which assumes that existing tax credits 
expire as currently scheduled, mostly by 2016. 

The largest response to Federal tax incentives for new renewable generation is seen in the No Sunset case, with extension of the 
PTC and the 30-percent ITC resulting in annual average reductions in Government tax revenues of approximately $2 5 billion 
from 2011 to 2035, as compared with $520 million per year in the Reference case Additional reductions in Government tax 
revenue in the No Sunset case result from extensions of the cellulosic biofuels PTC These reductions increase rapidly from $52 
million in 2013 to  $7.2 billion (2010 dollars) in 2035 (a cumulative total of $75.1 billion) in comparison with the Reference case 

The oil price in AEO2012 is defined as the average price of light, low-sulfur crude oil delivered in Gushing, Oklahoma, which is 
similar to  the price for light, sweet crude oil, West Texas Intermediate (WTI), traded on the New York Mercantile Exchange 
AEO2OI2 also includes a projection of the U S annual average refiners' acquisition cost of imported crude oil, which is more 
representative of the average cost of all crude oils used by domestic refiners Currently there is a price differential between WTI  
and similar-quality marker crude oils delivered to international ports via tanker (e g , Brent and Louisiana Light Sweet crudes) 
The AE02012 Reference case assumes that the large discrepancy will fade over time, as construction of more adequate pipeline 
capacity between Gushing and the Gulf of Mexico eases transportation of crude oil supplies to and from U S refineries 

Oil prices are influenced by a number of factors, including some that have mainly short-term impacts Other factors, such as the 
Organization of the Petroleum Exporting Countries (OPEC) production decisions and expectations about future world demand 
for petroleum and other liquids, affect prices in the longer term Supply and demand in the world oil market are balanced through 
responses to price movements, and the factors underlying supply and demand expectations are both numerous and complex 
The key factors determining long-term supply, demand, and prices for petroleum and other liquids can be summarized in four 
broad categories the economics of non-OPEC supply, OPEC investment and production decisions, the economics of other liquids 
supply, and world demand for petroleum and other liquids 

AE02012 includes projections of future supply and demand for "petroleum and other liquids " The term "petroleum" refers 
to crude oil (including tight oil from shale [also referred to as shale oil], chalk, and other low-permeability formations), lease 
condensate, natural gas plant liquids, and refinery gain The term "other liquids" refers to biofuels, bitumen (oil sands), coal- 
to-liquids (CTL), biomass-to-liquids (BTL), gas-to-liquids (GTL), extra-heavy oils (technically petroleum but grouped in "other 
liquids" in this report), and oil shale E411 
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Reference case 

The global oil market projections in the AE02012 Reference case are based on the assumption that current practices, politics, and 
levels of access will continue in the near to mid-term. The Reference case assumes that continued robust economic growth in 
the non-Organization for Economic Cooperative Development (OECD) nations, including China and India, will more than offset 
slower growth projected for many OECD nations In the Reference case, non-OECD petroleum and other liquids consumption is 
about 21 million barrels per day higher in 2035 than it was in 2010, but OECD consumption grows by less than 2 million barrels per 
day over the same period Total world consumption of petroleum and other liquids grows to 106 million barrels per day in 2030  
and 110 million barrels per day in 2035 

The Reference case also assumes that limitations on access to resources in many areas restrain the growth of non-OPEC petroleum 
liquids production over the projection period, and that OPEC production maintains a relatively constant share of total world 
petroleum and other liquids supply-between 40 and 42 percent W i th  those constraining factors, satisfying the growing world 
demand for petroleum and other liquids in coming decades requires production from higher-cost resources, particularly for non- 
OPEC producers with technically challenging supply projects In the Reference case, the increased cost of non-OPEC supplies, a 
constant OPEC market share, and easing of Cushing W T I  infrastructure constraints combine to support average increases in real 
oil prices of about 5 percent per year from 2010 to 2020  and about 1 percent per year from 2020  to 2035. In 2035, the average 
real price of crude oil in the Reference case is $145 per barrel in 2010 dollars (Figure 18) The rapid increase in the near term is 
based on the assumption that the W T I  price will return to parity with Brent by 2016 as current constraints on pipeline capacity 
between Cushing and the Gulf of Mexico are eliminated 

Increases in non-OPEC production of petroleum and other liquids in the Reference case come primarily from high-cost petroleum 
liquids projects in areas with inconsistent or unreliable fiscal or political regimes and from increasingly expensive other liquids 
projects that are made economical by rising oil prices and advances in production technology (Figure 19). Bitumen production 
in Canada and biofuels production mostly from the United States and Brazil are the most important components of the world’s 
incremental supply of other liquids from 2010 to 2035 in the Reference case 

Low Oil Price case 

In the Low Oil Price case, non-OECD economic growth is lower than in the Reference case, leading to  slower growth in demand 
for petroleum and other liquids. Lower demand, combined with greater access to and production of petroleum liquids resources, 
results in sustained lower oil prices In particular, the Low Oil Price case focuses on demand in non-OECD countries, where 
uncertainty about future growth is much higher than in the mature economies of the OECD. The Low Oil Price case assumes 
that oil prices fall steadily after 2011 to about $58 per barrel in 2017, then rise slowly to $62 per barrel in 2035. Growth in world 
demand for petroleum and other liquids is slowed by lower gross domestic product (GDP) growth in the non-OECD countries than 
is projected in the Reference case. Average annual GDP growth in the non-OECD nations is assumed to be 1.5 percentage points 
lower than in the Reference case, increasing by only 3.5 percent per year from 2010 t o  2035 As a result, non-OECD demand for 
petroleum and other liquids in 2035 is 7 million barrels per day lower than in the Reference case, and total world Consumption in 
2035 is 2 million barrels per day lower, at 107 million barrels per day. 

In the Low Oil Price case, the market power of OPEC producers is weakened, and they lose the ability to control prices and 
limit production. As a result, the OPEC market share of world petroleum and other liquids production is 46 percent in 2035, as 
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compared with 40 to 42 percent in the Reference case Despite lower prices, non-OPEC levels of petroleum liquids production are 
maintained until about 2020, as projects currently underway or planned are completed and begin production After 2020, non- 
OPEC petroleum liquids production declines as existing fields are depleted and not fully replaced by production from new fields 
and higher cost enhanced recovery technologies 

The Low Oil Price case assumes that technologies for producing biofuels, bitumen, CTL, BTL, GTL and extra-heavy oils achieve 
much lower costs than in the Reference case As a result, production of those liquids increases to 16 million barrels per day in 
2035 despite significantly lower oil prices 

High Oil Price case 
In the High Oil Price case, the assumption of high demand for petroleum and other liquids in the non-OECD nations, combined 
with more constrained supply availability, results in higher oil prices than in the Reference case Oil prices ramp up quickly to 
$186 per barrel (2010 dollars) in 2017 and continue rising slowly thereafter, to about $200  per barrel in 2035 The higher prices 
result from higher demand for petroleum and other liquid fuels in the non-OECD nations, resulting from the assumption of higher 
economic growth than in the Reference case Specifically, GDP growth rates for China and India in 2012 are 1 0 percentage point 
higher than in the Reference case, and 0 3 percentage point higher in 2035 For most other non-OECD regions, GDP growth rates 
average about 0 5 percentage point above the Reference case in 2012 For the OECD regions, where prices rather than a higher 
economic growth rate are the main factor affecting demand, consumption of petroleum and other liquids remains fairly flat over 
the projection 

On the supply side, OPEC countries are assumed to reduce their market share somewhat, t o  less than 41 percent through 2035 
Non-OPEC petroleum liquids resources outside the United States are assumed to be less accessible and/or more costly to produce 
than in the Reference case, and higher prices make other liquids supply more attractive In 2035, other liquids production totals 17 
million barrels per day in the High Oil Price case, about 4 million barrels per day above the Reference case level, and other liquids 
account for 15 percent of the total supply of petroleum and other liquids 

In ivered energy, or 28 percent of total U 8 
energy consumption The residential sector accounted for 57 percent of that energy use and the commercial sector 43 percent 
In the AEOZOl2 Reference case, delivered energy for buildings increases by a total of 9 percent, to 22 2 quadrillion Btu in 2035, 
which is modest relative to the rate of increase in the number of buildings and their occupants In contrast, the U 8 population 
increases by 25 percent, commercial floorspace increases by 27 percent, and the number of households increases by 28 percent 
Accordingly, energy use in the buildings sector on a per-capita basis declines in the projection. The decline of buildings energy 
use per capita in past years has been attributable in part to improvements in the efficiencies of appliances and building shells, and 
efficiency improvements continue to play a key role in projections of buildings energy consumption 

Existing policies, such as Federal appliance standards, along with evolving State policies, and market forces, are drivers 
of energy efficiency in the United States A number of recent changes in the broader context of the U S energy system that 
affect energy prices, such as advances in shale gas extraction and the economic slowdown, also have the potential to affect 

the dynamics of energy efficiency improvement in the U S 
buildings sector Although these influences are important, 
technology improvement remains a critical factor for energy 
use in the buildings sector The emphasis for this analysis is 
on fundamental factors, particularly technology factors, that 
affect energy efficiency, rather than on potential policy or 
regulatory options 

Three alternative cases in AE02072 illustrate the impacts of 
different assumptions for rates of technology improvement 
on delivered energy use in the residential and commercial 
sectors (Figure 20). These cases are in addition to the 
Extended Policies and No Sunset cases discussed earlier, 
and they are intended to provide a broader perspective on 
changes in demand-side technologies In the High Demand 
Technology case, high-efficiency technologies are assumed 

15 to penetrate end-use markets at lower consumer hurdle 
rates, with related assumptions in the transportation and 
industrial sectors In the Best Available Demand Technology 
case, new equipment purchases are limited to  the most 
efficient versions of technologies available in the residential 

25 
2011 Demand 

20 

w 
201 0 201 5 2020 2025 2030 2035 
a I  I and commercial buildings sectors regardless of cost In the 

U S Energy Information Administration I Annual Energy Outlook 2012 25 



Exhibit-RW-6 

2011 Demand Technology case, future equipment purchases are limited to the options available in 2011 ("frozen technology"), 
and 2011 building codes remain unchanged through 2035 Like the High Demand and Best Available Demand Technology cases, 
the 2011 Demand Technology case includes al l  current Federal standards 

Without the benefits of technology improvement, buildings energy use in the 2011 Demand Technology case grows to 23 4 
quadrillion Btu in 2035, as compared with 22 2 quadrillion Btu in the Reference case In the High Demand Technology case, 
energy delivered to the buildings sectors only reaches about 2 0  quadrillion Btu for any year in the projection period, and in the 
Buildings Best Available Demand Technology case it declines to 179 quadrillion Btu in 2026 before rising slightly to 18 1 quadrillion 
Btu in 2035 

Baclrgroond 
The residential and commercial sectors together are referred to as the "buildings sector" The cases discussed here are not policy- 
driven scenarios but rather "what-if" cases used to illustrate the impacts of alternative technology penetration trajectories on 
buildings sector energy use In a general sense, this approach can be understood as reflecting uncertainty about technological 
progress itself, or uncertainty about consumer behavior, in that the market response to a new technology is uncertain This type of 
uncertainty is being studied through market research, behavioral economics, and related disciplines that examine how purchasers 
perceive options, differentiate products, and react to information over time By varying technology progress across the full range 
of end uses, the integrated demand cases provide estimates of potential changes in energy savings that, in reality, are likely to 
be less uniform and more specific to certain end uses, technologies, and consumer groups Specific assumptions for each of the 
cases are summarized in Tables 6 and 7 

Results for the residential sector 
To emphasize that efficiency is persistent and its effects accumulate over time, energy use is discussed in terms of cumulative 
reductions (2011-2035) relative to a case with no future advances in technology after 2011. An extensive range of residential 
equipment is covered by Federal efficiency standards, and the continuing effects of those standards contribute to the cumulative 
reduction in delivered energy use of 12.3 quadrillion Btu through 2035 in the Reference case relative to the 2011 Demand 
Technology case. Electricity and natural gas account for more than 85 percent of the difference, each showing a cumulative 
reduction greater than 5 quadrillion Btu over the period. Energy use for space heating shows the most improvement in the 
Reference case, affected by improvements in building shells and heating equipment (Figure 21). Televisions and PCs and related 
equipment use 1 9  quadrillion Btu less energy over the projection period, as devices with energy-saving features continue to 
penetrate the market, and laptops continue to gain market share over desktop PCs 

Cumulative savings in residential energy use from 2011 to 2035 total 31.6 quadrillion Btu in the High Demand Technology case 
and 56.2 quadrillion Btu in the Best Available Demand Technology case in comparison with the 2011 Demand Technology case 
Electricity accounts for the largest share of the reductions in the High Demand Technology case (49 percent) and the Best Available 
Demand Technology case (51 percent). In addition to adopting more optimistic assumptions in the High Demand Technology and 
Best Available Demand Technology cases for end-use equipment, residential PV and wind technologies are assumed to have 
greater cost declines than in the Reference case, contributing to reductions in purchased electricity. In 2035, residential PV and 
wind systems produce 23 billion kilowatthours more electricity in the Best Available Demand Technology case than in the 2011 
Demand Technology case. 
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In the High Demand Technology and Best Available Demand 
Technology cases, energy use for residential space heating 
again shows the most improvement relative to the 2011 
Demand Technology case Large kitchen and laundry 
appliances claim a small share of the reductions, as Federal 
standards limit increases in energy consumption for those 
useseven in the2011 Demandiechnologycase Light-emitting 
diodes (LED) lighting provide the potential for further savings 
in the High and Best Available Demand Technology cases 
beyond the reductions realized as a result of the EISA2007 
(Public Law 110-140) lighting standards 

Results for the commercial sector 
Like the residential sector, analysis results for the commercial 
sector are discussed here in terms of cumulative reductions 
relative to the 2011 Demand Technology case, in order to 
illustrate the effect of efficiency improvements over the period 
from 2011 to  2035 Buildings in the commercial sector are less 
homogeneous than those in the residential sector, in terms of 
both form and function Although many commercial products 
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Assumotions 
Integrated Buildings Best Available 
De ma nd Tech nologya 
Purchases limited to highest available 
efficiency for each technology class, 
regardless of cost 
All energy efficiency investments 
evaluated at 7-percent real interest rate 
New buildings meet most efficient 
specifications Efficiency improvement 
for existing buildings is 100 percent 
greater than in the Reference case 
PV and wind costs reduced by twice the 
difference between the Reference and 
High Technology costs Learning rates 
adjusted for all technologies 
ENERGY STAR sales and enabling 
rates LCD share approaches 100 
percent Laptop share higher than in the 
Reference case 
Per-unit consumption levels reduced to 
EN ERG Y STAR spec if i ca t io ns 

Integrated 2011 Demand 
Tech no I og y 
Limited to technology menu 
available in 2011 Promulgated 
standards still take effect 
Same as Reference case distribu- 
tion, varies by end-use technology 
Fixed at 2011 levels 

Integrated High Demand Technologya 
Earlier availability, lower cost, and/ 
or higher efficiencies for advanced 
equipment 
All energy efficiency investments 
evaluated at 7-percent real interest rate 
New buildings meet ENERGY STAR 
specifications after 2016 Efficiency 
improvement for existing buildings is 50 
percent greater than in the Reference case 
PV and wind costs based on Advanced 
Case in EIA Technology reports 
Learning rates adjusted for all 
technologies 
ENERGY STAR sales and enabling rates 
LCD and laptop shares higher than in 
the Reference case 

End-use equipment 

Hurdle rates 

Building shells 

Distributed and 
combined heat and 
power generation 

No improvement in technology cost 
or performance after 2011 Learning 
rates same as in the Reference 
case 
ENERGY STAR sales and enabling 
rates; LCD and laptop shares fixed 
at 2011 values 

Personal computers 

Unit energy consumption (UEC) values 
are average of Reference and Best 
Available Demand Technology cases 
Most efficient equipment selected after 
2014 

TVs, cable boxes, 
and satellite 
systems 
Miscellaneous 
electricity end uses 

Fixed at 2011 values 

Unit energy consumption (UEC) 
values fixed at 2011 values 

Most efficient equipment selected in 
all years 

'All changes from the Reference case start in 2012 unless otherwise stated 
bU S Energy Information Administration, Photovoltaic (PV) Costs and Performance Characteristics for Residential and Commercial Applicottons, Final 
Report (August 2010), and The Cost and Performance of Distributed Wind Turbines, 2010-2035, Final Report (August 2010) 

Integrated 2011 Demand 
Technoloclv 

Integrated Buildings Best Available 
Demand TechnoIowa Assumptions 

End-use equipment 
Integrated High Demand Technologya 
Earlier availability, lower cost, and/ 
or higher efficiencies for advanced 
equipment 
All energy efficiency investments 
evaluated at 7-percent real interest rate 
25 percent more improvement than in 
the Reference case by 2035 
PV and wind costs, CHP cost and 
performance based on Advanced 
Case in EIA Technology reports 
Learning rates adjusted for advanced 
technologies 

Limited to technology menu 
available in 2011 Promulgated 
standards still take effect 
Same as Reference case 
distribution 
Fixed at 2011 levels 

Purchases limited to highest available 
efficiency for each technology class, 
regardless of cost 
All energy efficiency investments 
evaluated at 7-percent real interest rate 
50 percent more improvement than in 
the Reference case by 2035 
PV and wind costs reduced by twice 
the difference between the Reference 
and High Technology costs CHP based 
on Advanced Case in EIA Technology 
reports Learning rates adjusted for 
advanced technologies 
ENERGY STAR sales and enabling 
rates LCD share approaches 100 
percent Laptop share higher than in the 
Reference case 
Greater adoption of network power 
management for copiers, etc Use of higher- 
efficiency power supplies and continuous 
power management for servers 
Greater savings from high-efficiency 
UPSs and network equipment 

Hurdle rates 

Building shells 

Distributed and 
combined heat and 
power generation 

No improvement in technology cost 
or performance after 2011 Learning 
same as in the Reference case 

PC-related office 
equipment 

ENERGY STAR sales and enabling 
rates; LCD and laptop shares fixed 
at 2011 values. 

ENERGY STAR sales and enabling rates 
LCD and laptop shares higher than in 
the Reference case 

Non-PC Office 
Equipment 

Same as Reference case except for 
elimination of data center efficiency 
imDrovements 

Partial adoption of network power 
management for copiers, etc Use of 
higher-efficiency power supplies for 
servers 
Savings from high-efficiency UPSs and 
network equipment 

Miscellaneous 
electricity 

Less efficiency improvement 
than in the Reference case for 
uninterruptible power supplies 
(UPSs), network equipment, 
elevators, and water services 

aAll changes from the Reference case start in 2012 unless otherwise stated 
bU S Energy Information Administration, Photovoltaic (PV) Costs and Performance Characteristics for Residential and Commercial Applications, Final 
Report (August 20101, The Cost and Performance of Distributed Wind Turbines, 2010-2035, Final Report (August 2010), and Commercial and Industrial 
CHP Technology Costs and Performance Data (June 2010) 
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are subject to Federal efficiency standards, FEMP guidelines, and ENERGY STAR specifications, coverage is not as comprehensive 
as in the residential sector Still, those initiatives and the ensuing efficiency improvements contribute to a cumulative reduction in 
commercial delivered energy use of 4 1  quadrillion Btu in the Reference case relative to the 2011 Demand Technology case (Figure 
22) Virtually all of the reduction is in purchased electricity. Increased adoption of DG and CHP accounts for 0 4  quadrillion Btu 
(115 billion kilowatthours) of the cumulative reduction in purchased electricity in the Reference case Commercial natural gas use is 
actually slightly higher in the Reference case because of the increased penetration of CHP Office-related computer equipment sees 
the most significant end-use energy savings relative to the 2011 Demand Technology case, primarily because laptop computers 
gain market share from desktop computers 

Commercial heating, ventilation and cooling account for almost 5 0  percent of the 171 quadrillion Btu in cumulative energy savings 
in the High Demand Technology case relative to the 2011 Demand Technology case The more optimistic assumptions for end- 
use equipment in the High Demand Technology case offset the additional energy consumed as a result of greater adoption of 
CHP, resulting in a cumulative reduction in natural gas consumption of 0 9 quadrillion Btu The increase in distributed and CHP 
generation contributes 0 8 quadrillion Btu (231 billion kilowatthours) to the cumulative reduction in purchased electricity use 

Technologies such as LED lighting result in almost as much improvement as space heating and ventilation in the Best 
Available Demand Technology case relative to the 2011 Demand Technology case Significant reductions are seen for all end- 
use services, wi th a cumulative reduction in energy consumption of 24  6 quadrillion Btu Even when consumers choose the 
most efficient type of each end-use technology, the more optimistic assumptions regarding technology learning for advanced 
CHP technologies result in more natural gas use in the Best Available Demand Technology case relative to  the 2011 Demand 
Technology case 

In comparison to a case that restricts future equipment to the efficiencies available in 2011, the alternative cases show the potential 
for reductions in energy consumption from the adoption of more energy-efficient technologies In the Reference case, technology 
improvement reduces residential energy consumption by 12 3 quadrillion Btu-equivalent to 4 1 percent of total residential energy 
use-from 2011 to 2035 in comparison with the 2011 Demand Technology case In the commercial sector, energy consumption 
is reduced by 4 1 quadrillion Btu-equivalent to 1 7 percent of total commercial energy use-over the same period Wi th  greater 
technology improvement in the High Demand Technology case, cumulative energy savings from 2011 to  2035 rise by an additional 
6 4 percent and 5 5 percent in the residential and commercial sectors, respectively In the Best Available Demand Technology 
case, the cumulative reductions in energy consumption grow by an additional 8 2 percent and 3 1 percent in the residential 
and commercial sectors, respectively In the Reference case, a cumulative total of 16 4 quadrillion Btu of energy consumption 
is avoided over the projection period relative to the 2011 Demand Technology case That reduction is roughly equivalent to 8 0  
percent of the energy that the buildings sectors consumed in 2010 In the Best Available Demand Technology case, cumulative 
energy consumption is reduced by an additional 6 4  3 quadrillion Btu from 2011 to  2035 

In response to environm y issued a proposed 
rule covering GHG emissions and CAFE standards for passenger cars and light-duty trucks in M Y  2017 through M Y  2025 [42] 
EPA and NHTSA expect to announce a final rule in the second half of 2012 In this section, EIA uses the National Energy Modeling 
System (NEMS), which has been updated since last year but, due to the timing of the modeling process, does not incorporate all 

information from the pending rulemaking process, to assess 
potential energy impacts of the regulatory proposal 

EPA is proposing GHG emissions standards that will reach 
a fleetwide LDV average of 163 grams C02 per mile (54 5 
mpg equivalent) in M Y  2025, or 49 6 mpg for the CAFE-only 
portion (Table 8) Passenger car standards are made more 
stringent by reducing the average annual C02 emissions 
allowed by 5 percent per year from M Y  2016 through M Y  
2025 Average annual COz emissions from light-duty trucks 
are reduced by 3 5 percent per year from M Y  2016 through 
M Y  2021, with larger average reductions for smaller Iight- 
duty trucks and smaller average reductions for larger tight- 
duty trucks For M Y  2021 through M Y  2025, light-duty trucks 
would be required to  achieve a 5-percent average annual 
reduction rate In this section, EIA assumes that the reductions 
in GHG emissions required under EPA standards exceed the 
reductions required under the NHTSA CAFE standards and 
are achieved through changes other than those that would 
provide further improvement in fuel economy as tested for 
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NHTSA has proposed CAFE standards for LDVs that will reach a fleetwide average of 49 6 mpg in M Y  2025, based on the 
projected inclusion of reductions in GHG emissions that are achieved by means other than improvements in fuel economy 
CAFE standards are proposed for M Y  2017 through M Y  2021, and conditionally for M Y  2022 through M Y  2025 The proposed 
standards for passenger cars increase by 4.1 percent per year for M Y  2017 through M Y  2021 and 4 3 percent for M Y  2022 
through MY 2025 For light-duty trucks, the CAFE standards would increase by 2.9 percent per year for MY 2017 through M Y  
2021, wi th greater improvement required for smaller light-duty trucks and somewhat smaller improvement required for larger 
light-duty trucks For MY 2022 through M Y  2025, CAFE standards for all light-duty trucks would increase by 4 7 percent per 
year Although there are complex dynamics in play among the CAFE standards and other policies, including those related to 
biofuels [43] and other gasoline alternatives, CAFE standards are the single most powerful regulatory mechanism affecting 
energy use in the U.S transportation sector 

AE02072 includes a CAFE Standards case that incorporates the proposed NHTSA fuel economy standards for MY 2017 through 
MY 2025 Fuel economy and GHG emissions standards for M Y  2011 through M Y  20'16 have been promulgated already as final 
rules and are represented in the AE02072 Reference case. Further, the Reference case assumes that CAFE standards rise slightly 
to meet the requirement that LDVs reach 35 rnpg by 2020 mandated in ElSA2007. 

As modeled by EIA, compliance with the more stringent fuel economy standards in the CAFE Standards case leads to a change in 
the vehicle sales mix Vehicles that use electric power stored in batteries, or use a combination of a liquid fuel (including gasoline) 
and electric power stored in batteries for motive and/or accessory power-such as hybrid electric vehicles (HEVs) or plug-in 
hybrid electric vehicles (PHEVsI-or that use liquid fuels other than gasoline, such as diesel or E85, play a larger role than in the 
Reference case. The CAFE Standards case also projects a significant improvement in the fuel economy of traditional vehicles with 
gasoline internal combustion engines with and without micro hybrid technologies. In the analysis, vehicles that combine gasoline 
internal combustion engines with micro hybrid systems are projected to have the largest increase in sales relative to the Reference 
case (Figure 23 and Table 9). 

Gasoline-only vehicles retain the single largest share of new vehicle sales in 2025. In order to meet increased fuel economy 
requirements, the average fuel economy of gasoline vehicles, including micro hybrids, is raised by the introduction of new fuel- 
efficient technologies and improved vehicle designs. The fuel economy of gasoline-only passenger cars, including micro hybrids, 
increases from 32 mpg in 2010 to 51 mpg in 2025 in the CAFE Standards case, compared with 3 8  mpg in 2025 in the Reference 
case. The fuel economy of gasoline-powered light-duty trucks, including micro hybrids, rises similarly, from 24 mpg in 2010 to  37 
rnpg in 2025 in the CAFE Standards case, compared with 31 mpg in 2025 in the Reference case 

As vehicle attributes, such as horsepower and weight, change in response to the more stringent fuel economy standards, some 
consumers switch from passenger cars to light trucks. Light-duty trucks account for 39 percent of new LDV sales in 2025 in 
the CAFE Standards case, higher than their 37 percent share in 2025 in the Reference case but still much lower than their 2005  
share of more than 5 0  percent. In 2025, new passenger cars average 56 mpg and light-duty trucks average 40 mpg in the CAFE 
Standards case, compared with 41 rnpg and 31 mpg, respectively, in the Reference case Although more stringent standards 
stimulate sales of vehicles with higher fuel economy, it takes time for new vehicles to penetrate the vehicle fleet in numbers 
that are sufficiently large to affect the average fuel economy of the entire U.S LDV stock Currently there are about 230 million 
LDVs on the road in the United States, projected to increase to 276 million in 2035. As a consequence of the gradual scrapping 
of older vehicles and the introduction of new, more fuel-efficient models, the average on-road fuel economy of the LDV stock, 

2016 
(base) 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Fuel economy only (miles per gallon) 

Passenger cars 37 8 40 0 41 4 43 0 44 7 46 6 48 a 51 0 53 5 56 0 

Llght-duty 
t r u c lks 2 8  a 29 4 30 0 30 6 31 2 33 3 34 9 36 6 38 5 40 3 

All llght-duty 
vehicles 34 1 35 3 36 4 37 5 38 a 40 9 42 9 45 0 47 3 49 6 

Carbon dioxide emissions (grams per mile) 

Passenger cars 225 213 202 192 182 173 165 158 151 144 

Llght-duty 
trucks 298 295 285 277 270 250 237 225 214 203 

All Ilght-duty 
vehicles 250 243 232 223 213 200 190 181 172 163 

aBased on projected mix of LDV sales 
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representing the fuel economy realized by all vehicles in use, increases from around 2 0  mpg in 2010 to  22 mpg in 2016, 27 5 mpg 
in 2025, and 3 4  5 mpg in 2035, as compared with 28 mpg in 2035 in the Reference case (Figure 24) 

More stringent fuel economy standards lead to  reductions in total energy consumption Total cumulative delivered energy 
consumption by LDVs from 2017 to 2035 is 8 percent lower in the CAFE Standards case than in the Reference case. LDV delivered 
energy consumption is 6 percent lower in 2025 in the CAFE Standards case than in the Reference case and 17 percent lower in 
2035. Total consumption of petroleum and other liquids in the transportation sector is 0.5 million barrels per day lower in 2025 
and 1 4  million barrels per day lower in 2035 in the CAFE Standards case than in the Reference case (Figure 25). The existing 
standards are modestly exceeded in the Reference case. If the standards are just met, the reduction in liquids consumption is 0 5 
million barrels per day in 2025 and 1.6 million barrels per day in 2035 in the CAFE Standards case relative to the Reference case 
The reductions in total delivered energy use and liquid fuel consumption become more pronounced later in the projection, as 
more of the total vehicle stock consists of vehicles with higher fuel economy. 

The more stringent regulatory standards in the CAFE Standards case change the composition of the vehicle fleet by fuel type 
and shift the mix of fuels consumed Nevertheless, motor gasoline, including gasoline blended with up to 15 percent ethanol 
(used in vehicles manufactured in MY 2001 and after), remains the predominant fuel by far for LDVs in the CAFE Standards case, 
accounting for 8 4  percent of LDV delivered energy consumption in 2035-only slightly less than its 86-percent share in 2035 in 
the Reference case 
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Vehicle type 

Micro hybrid 

Description 

Vehicles with gasoline engines, larger batteries, and electrically powered auxiliary systems 
that allow the engine to be turned off when the vehicle is coasting or idling and then quickly 
restarted Regenerative braking recharges the batteries but does not provide power to the 
wheels for traction 

Hybrid electric (gasoline or diesel) 

Diesel 

Vehicles that combine internal combustion and electric propulsion engines but have limited 
all-electric range and batteries that cannot be recharged with grid power 

Vehicles that use diesel fuel in a compression-ignition internal cornbustion engine 

Plug-in hybrid electric 

Electric 

Flex-fuel 

3 0  

Vehicles that use battery power for driving some distance, until a minimum level of 
battery power is reached, at which point they operate on a mixture of battery and internal 
combustion power Plug-in hybrids also can be engineered to run in a "blended mode," 
where an onboard computer determines the most efficient use of battery and internal 
cornbustion power The batteries can be recharged from the grid by plugging a power cord 
into an electrical outlet 

Vehicles that operate by electric propulsion from batteries that are recharged exclusively 
by electricity from the grid or through regenerative braking 

Vehicles that can run on gasoline or any gasoline-ethanol blend up to 85 percent ethanol 
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Total motor gasoline demand for LDVs is 19 percent lower in the CAFE Standards case in 2035 than in the Reference case, and 
lower demand for motor gasoline reduces the amount of ethanol used in E10 and E15 gasoline blends As a consequence, more 
E85 fuel 15 sold to  meet the RFS E85 accounts for 10 percent of delivered energy consumption by LDVs in 2035, compared with 
8 percent in the Reference case Diesel fuel accounts for 5 percent of LDV delivered energy consumption in 2035, similar to its 
share in the Reference case Electricity use by LDVs grows in the CAFE Standards case but still makes up less than 1 percent of 
LDV delivered energy demand in 2035 

Reductions in LDV delivered energy consumption reduce GHG emissions from the transportation sector From 2017 and 2035, 
cumulative C02 emissions from transportation are 357 million metric tons (mmt) lower in the CAFE Standards case compared 
to  the Reference case, a reduction of 5 percent Transportation GHG emissions decline from 1,876 mmt in 2010 to 1,759 mmt in 
2025 and to 1,690 mmt  in 2035, reductions of 4 percent and 10 percent from the Reference case, respectively (Figure 26) 

The transportation sector’s dependence on petroleum-based fuels has prompted significant efforts to  develop technology and 
alternative fuel options that address associated economic, environmental, and energy security concerns Electric drivetrain 
vehicles, including HEVs, PHEVs, and plug-in electric vehicles (EVs), are particularly well suited to meet those objectives, because 
they reduce petroleum consumption by improving vehicle fuel economy and, in the case of PHEVs and EVs, substitute electric 
power for gasoline use (see Table 10 for a descriptive list of electric drivetrain technologies) 

AE02012 includes a High Technology Battery case that examines the potential impacts of significant breakthroughs in battery 
electric vehicle technology on vehicle sales, energy demand, and C02 emissions Breakthroughs may include a dramatic 
reduction in the cost of battery and nonbattery systems, success in addressing overheating and life-cycle concerns, as well as the 
introduction of battery-powered electric vehicles in several additional vehicle size classes A brief summary of the results of the 
High Technology Battery case follows a discussion of the current market for battery electric vehicles 

Sales of light-duty HEVs, introduced in the United States more than a decade ago, peaked at about 350,000 new sales in 2007 
and have maintained a roughly 3-percent share of total LDV sales through 2011 PHEVs were introduced in the United States at the 
end of 2010 with the production of the Chevy Volt, a PHEV-40 (PHEV with a 40-mi le range) Although manufacturer plans call 
for increased production of PHEVs, sales in the first full year were under 10,000 units [441 EVs were first introduced in the early 
19005, and manufacturers again made EVs available in the 1990s but with a focus on niche markets The Nissan Leaf, an EV-100 
(EV with a 100-mile range) introduced around the same time as the Chevy Volt, has sparked interest in the wider commercial 
prospects for EVs, however, sales in 2011 remained below 10,000 units 

The individual decision to purchase a vehicle is influenced by many factors, including style, performance, comfort, environmental 
values, expected use, refueling capability, and expectations of future fuel prices In general, one of the single most important 
factors consumers consider when deciding to purchase a vehicle is cost Specifically, they generally are more willing to purchase 
new vehicle technologies, such as battery electric systems, instead of conventional gasoline internal combustion engines (ICES) if 
the economic benefit over a period of ownership is greater than the initial price of the vehicle Additional costs and benefits-such 
as refueling time or difficulty of refueling, increased or decreased maintenance, and resale value-also may enter into vehicle 
choice decisions Further, consumers may be unwilling to spend more to purchase a vehicle, even if i t accrues fuel cost savings 
beyond the initial cost over a relatively short period, because they are unfamiliar with the new technology or alternative fuel 
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Battery electric vehicles offer an economic benefit to consumers over conventional gasoline ICES in terms of significant fuel cost 
savings from both increased fuel economy for HEVs and PHEVs and the displacement of gasoline with electricity for PHEVs 
and EVs Currently available battery electric vehicles such as the Toyota Prius (HEV), Chevy Volt (PHEV), and Nissan Leaf (EV) 
achieve much higher fuel economy (mpg) and, with the higher efficiency of electric motors, higher gasoline-equivalent mpg 
in electric mode, providing consumers wi th lower fueling costs The Toyota Prius achieves an EPA-estimated 3 9  to 53 mpg, 
depending on t r im and driving test cycle The Chevy Volt achieves 35 to  40 mpg in charge-sustaining mode [45] and 93 to 95 
mpg equivalent in charge-depleting mode The Nissan Leaf achieves 99 mpg equivalent In comparison, the Toyota Corolla, a 
passenger car generally similar t o  the Prius, achieves 26  to 3 4  mpg, the Chevy Cruze, a passenger car in the compact car size 
class similar to the Volt, achieves 25 to 42  mpg, and the Nissan Versa, a subcompact passenger car similar to  the Leaf [461, 
achieves 24  to 3 4  mpg 

The inclusion of advanced battery technology that increases fuel economy and, in the case of PHEVs and EVs, displaces gasoline 
with electricity increases the initial cost of the vehicle to  the consumer The Toyota Prius has a manufacturer's suggested retail 
price (MSRP) between $24,000 and $29,500 (compared with $16,130 to $17,990 for the Toyota Corolla), the Chevy Volt has 
an MSRP between $39,145 and $42,085 (compared with $16,800 to $23,190 for the Chevy Cruze), and the Nissan Leaf has an 
MSRP between $35,200 and $37,250 (compared with $14,480 to $18,490 for the Nissan Versa) [471 Based on these MSRPs, the 
current incremental consumer purchase cost of a battery electric vehicle relative to a comparable conventional gasoline vehicle is 
around $7,000 for an HEV and $20,000 for a PHEV or EV, before accounting for Federal and State tax incentives 

Although consumers may value high-cost battery electric vehicles for a variety of reasons, it is unlikely that they can achieve 
wide-scale market penetration while their additional purchase costs remain significantly higher than the present value of future 
fuel savings Currently, the discounted fuel savings achieved, assuming five years of ownership with future fuel savings discounted 
at 7 percent, are significantly less than the incremental purchase cost of the vehicles (Table 11) This result is true even if gasoline 
is $ 6  00 per gallon This calculation does not take into account any difference in maintenance cost or refueling infrastructure 

Recognizing the potential of HEVs, PHEVs, and EVs to  reduce U S petroleum consumption and save consumers refueling costs, 
efforts are underway at both the public and private levels to address several of the barriers to wide-scale adoption of battery 
electric vehicle technology Paramount among the barriers are reducing the cost of battery electric vehicles by lowering battery 
and nonbattery system costs and solving battery Iife-cycle and overheating limitations that will allow battery storage to  downsize 
while maintaining a given driving range For example, battery and nonbattery systems costs could be reduced by improving the 

g the electric motor Solving battery life-cycle and overheating 

Vehicle type Description 

Micro or "mild" hybrid Vehicles with ICES, larger batteries, and electrically powered auxiliary systems that allow the engine to be 
turned off when the vehicle is coasting or idle and then be quickly restarted Regenerative braking recharges 
the batteries but does not provide power to the wheels for traction Micro and mild hybrids are not connected 
to the electrical grid for recharging and are not considered as HEVs in this analysis 

Vehicles that combine an internal combustion engine with electric propulsion from an electric motor and 
battery The vehicle battery is recharged by capturing some of the energy lost during braking Stored energy 
is used to eliminate engine operation during idle, operate the vehicle at slow speeds for limited distances, and 
assist the ICE drivetrain throughout its drive cycle Full HEV systems are configured in parallel, series, or power 
split systems, depending on how power is delivered to the drivetrain HEVs are not connected to the electric 
grid for recharging 

Vehicles with larger batteries to provide power to drive the vehicle for some distance in charge-depleting mode, 
until a minimum level of battery power is reached (a "minimum state of charge"), at which point they operate on 
a mixture of battery and internal combustion power ("charge-sustaining mode") The minimum state of charge 
is engineered to about 25 percent of full charge to ensure that the battery's life cycle matches the expected 
life of the vehicle PHEVs also can be engineered to run in a "blended mode," using an onboard computer to 
determine the most efficient use of battery and internal combustion power The battery can be recharged either 
from the grid by plugging a power cord into an electrical outlet or by the internal combustion engine Current 
PHEV batteries are designed to recharge to about 75 percent of capacity for safety reasons related to battery 
overheating, leaving a depth of discharge of around 50 percent of total battery capacity Typically, the distance a 
fully charged PHEV can travel in charge-depleting mode is indicated by its designation For example, a PHEV-40 
is engineered to travel around 40 miles on battery power alone before switching to charge-sustaining operation 

Vehicles that operate solely on an electric drivetrain with a large battery and electric motor and do not have an 
ICE to provide motive power EVs are recharged primarily from the electrical grid by plugging into an electrical 
outlet, with some additional energy captured through regenerative braking EV batteries also have a working 
depth of discharge capacity that is limited to both lower and upper levels due to life-cycle and safety concerns 
EVs are designated by the distance a fully charged vehicle can travel in all-electric mode For example, an 
EV-100 is designed to travel around 100 miles on battery power EVs lack the "range extender" capability of 
PHEVs, which can switch instantly to an ICE when the battery reaches a minimum state of charge 

Full hybrid electric 
(HEV) 

Plug-in hybrid electric 
(PHEV) 

Plug-in electric (EV) 
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concerns would allow battery capacity to be downsized, which would improve the depth of discharge and make the battery less 
expensive In addition, public and private efforts to address other obstacles to wider adoption of plug-in battery vehicles are 
underway, including the development of public charging infrastructure 

The AE02072 High Technology Battery case examines the potential impacts of battery technology breakthroughs by assuming 
the attainment of program goals established by DOE'S Office of Energy Effic.iency and Renewable Energy (EERE) for high-energy 
battery storage cost, maximum depth of discharge, and cost of a nonbattery traction drive system for 2015 and 2030  (Figures 27 
and 28) [481. EERE's program goals represent significant breakthroughs in battery and nonbattery systems, in terms of costs and 
life-cycle and safety concerns, in comparison with current electric vehicle technologies Further, with breakthroughs in battery 
electric vehicle technology, more vehicle size classes are assumed to be available for passenger cars and light-duty trucks 

Reduced costs for battery and nonbattery systems in the High Technology Battery case lead to  significantly lower HEV, PHEV, 
and EV costs to the consumer (Figures 2 9  and 30) The Reference case already projects a much lower real price t o  consumers 
for battery electric vehicles in 2035 relative to 2010 as a result of cost reductions for battery and nonbattery systems. Those 
declines are furthered in  the High Technology Battery case The prices of HEVs and PHEVs w i th  a 10-mile range decline by 
an additional $1,500, or 5 percent, in 2035  in the High Technology Battery case relative to the Reference case For PHEVs 
with a 40-mi le  range the relative decline is $3,500, or 11 percent, in  2035 For EVs with 100-mi le (EV100) and 200-mi le 
(EV200) ranges the relative declines are $3,600 and $13,300, or 13 percent and 3 0  percent, respectively, in 2035 relative to 
the Reference case 
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Annual vehicle miles traveled 
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Lower vehicle prices lead to greater penetration of battery electric vehicle sales in the High Technology Battery case than 
projected in the Reference case Battery electric vehicles, excluding mild hybrids, grow from 3 percent of new LDV sales in 2013 
to 24  percent in 2035, compared with 8 percent in 2035 in the Reference case (Figure 31) Due to the still prohibitive incremental 
cost, EV2OO vehicles do not achieve noticeable market penetration. 

Plug-in vehicles, including both PHEVs and EVs, show the largest growth in sales in the High Technology Battery case, resulting 
from the relatively larger incremental reduction in vehicle costs Plug-in vehicle sales grow to just over 13 percent of new 
vehicle sales in 2035, compared with 3 percent in 2035 in the Reference case, wi th EV sales growing to 8 percent of new LDV 
sales in 2035, compared with 2 percent in 2035 in the Reference case Virtually a l l  sales of plug-in vehicles are EVs with a 
100-mi le range, given the prohibitive cost, even in 2035, of batteries for EVs with a 200-mi le  range. PHEVs grow to just under 
6 percent of total sales, compared with 2 percent in 2035 in the Reference case Most  PHEV sales are vehicles wi th a IO-mile 
all-electric range. 

Although plug-in vehicle sales increase substantially in the High Technology Battery case, that growth is tempered by the lack of 
widespread high-speed recharging infrastructure In the absence of such public infrastructure, consumers must rely almost entirely 
on recharging at home According to  data from the 2 0 0 9  Residential Energy Consumption Survey, 4 9  percent of households that 
own vehicles park within 20  feet of an electrical outlet [49] A widespread publicly available infrastructure was not considered as 
part of the High Technology Battery case, which limits the maximum market Dotential of PHEVs and EVs. 
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HEV sales, including an ICE powered by either diesel fuel or 
gasoline, increase in the High Technology Battery case from 
3 percent of sales in 2013 to 11 percent in 2035, compared 
with 5 percent in 2035 in the Reference case Although 
the cost declines for HEVs are modest relative to those for 
other battery electric vehicle types, HEVs benefit from being 
unconstrained by the lack of recharging infrastructure 

Increased sales of battery electric vehicles in the High 
Technology Battery case lead to their gradual penetration 
throughout the LDV fleet In 2035, HEVs represent 9 percent 
of the 276 million LDV stock, as compared with 4 percent in 
the Reference case EVs and PHEVs each account for about 5 
percent of the LDV stock in the High Technology Battery case 
in 2035, compared with 1 percent each in the Reference case 

The penetration of battery electric vehicles with relatively 
higher fuel economy and efficient electric motors reduces 
total energy use by LDVs from 15 6 quadrillion Btu in 2013 to  
14 8 quadrillion Btu in 2035 in the High Technology Battery 
case, compared with 15 5 quadrillion Btu in 2035 in the 
Reference case (Figure 32) LDV liquid fuel use declines to 
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5% 

14.6 quadrillion Btu in 2035 in the High Technology Battery case, and their electricity use increases to 0 2 quadrillion Btu-as 
compared with 15.4 quadrillion Btu of liquid fuel consumption and essentially no electricity consumption in 2035 in the Reference 
case. The reduction in liquid fuel consumption in the High Technology Battery case lowers U.S. net imports of petroleum from 
8 5 million barrels per day in 2013 to 6 9 million barrels per day in 2035, compared with 7 2 million barrels per day in 2035 in the 
Reference case 

The reduction in total energy consumption by LDVs and displacement of petroleum and other liquid fuels with electricity decreases 
LDV energy-related COz-equivalent emissions from 1,030 million metric tons in 2013 to 935 million metric tons in 2035 in the 
High Technology Battery case, which represents a 2-percent decrease from 958  million metric tons in 2035 in the Reference case 
(Figure 33) COz and other GHG emissions from the electric power consumed by PHEVs and EVs is treated as representative of 
the national electricity grid and not regionalized Ultimately, the COz and other GHG emissions of plug-in vehicles will depend on 
the fuel used in generating electricity. 

The High Technology Battery case assumes a breakthrough in the costs of batteries and nonbattery systems for battery electric 
vehicles. Yet, despite the assumed dramatic decline in battery and nonbattery system costs, battery electric vehicles still face 
obstacles to wide-scale market penetration. 

First, prices for battery electric vehicles remain above those for conventional gasoline counterparts, even with the assumption 
of technology breakthroughs throughout the projection period. The decline in sales prices relative to  those for conventional 
vehicles may be enough to justify purchases by consumers who drive more frequently, consider relatively longer payback periods, 
or would purchase a more expensive but environmentally cleaner vehicle for a moderate additional cost However, relatively 
more expensive battery electric vehicles may not pay back the higher purchase cost over the ownership period for a significant 
population of consumers 

In addition, EVs face the added constraint of plug-in infrastructure availability Currently, there are about 8 ,000  public locations 
in the United States with at least one outlet for vehicle recharging, about 2,000 of which are in California [SO] In comparison, 
there are some 150,000 gasoline refueling stations available for public use. Without the construction of a much larger recharging 
network, consumers will have to rely on residential recharging, which is available for only around 40 percent of U S dwellings. 

Further, recharging times differ dramatically depending on the voltage of the outlet Typical 120-volt outlets can take up to 2 0  
hours for a full EV battery to recharge; a 240-volt outlet can reduce the recharging time to about 7 hours [51]. Quick-recharging 
480-vol t  outlets are under consideration for 30-minute "ultra-quick" recharges, but they may raise concerns related to safety and 
residential or commercial building codes. Even with ultra-quick recharging, EVs still would require substantially longer times for 
refueling than are required for ICE vehicles using liquid fuels Given the concerns about availability and duration of recharging, the 
obstacle of severe range limitation, which does not affect PHEVs or HEVs, may inhibit the adoption of EVs by consumers 

Finally, another obstacle to wide-scale adoption of battery electric vehicles and other types of alternative-fuel vehicles is the 
increase in fuel economy for conventional gasoline vehicles and other types of AFVs resulting from higher fuel economy standards 
for LDVs. Final standards for LDV fuel economy currently are in place through MY 2016, and new CAFE standards proposed for 
M Y  2017 through M Y  2025 would increase combined LDV fuel economy to 49.6 mpg (56 0 mpg for passenger cars and 40 3 
mpg for light-duty trucks) [52]. While the standards themselves may promote the adoption of battery electric vehicles, they 
also could considerably change the economic payback of electric drivetrain vehicles by decreasing consumer refueling costs for 
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conventional vehicles, thus lowering the fuel savings of electric drivetrain vehicles and making the upfront incremental cost more 
prohibitive The potential impact of CAFE standards on other vehicle attributes, costs, and fuel savings adds to the complexity of 
this dynamic 

cerns, together with recent optimism about natural gas supply and recent lower natural 
gas prices, have led to significant interest in the potential for fueling heavy-duty vehicles (HDVs) with natural gas produced 
domestically Key market uncertainties with regard to  natural gas as a fuel for HDVs include fuel and infrastructure issues (such as 
the build-out process for refueling stations and whether there will be sufficient demand for refueling to  cover the required capital 
outlays, and retail pricing and taxes for liquefied natural gas [LNGI and compressed natural gas [CNGI fuels), and vehicle issues 
(including incremental costs for HDVs fueled by natural gas, availability of fueling infrastructure, cost-effectiveness in view of 
average vehicle usage, vehicle residual value, vehicle weight, and vehicle refueling time) 

Current state of the market 
At present, HDVs in the United States are fueled almost exclusively by petroleum-based diesel fuel [531 In 2010, use of 
petroleum-based diesel fuel by HDVs accounted for 17 percent (2 2 million barrels per day) of total petroleum consumption in 
the transportation sector (12 8 million barrels per day) and 12 percent of the U S total for all sectors (18 3 million barrels per day) 
Consumption of petroleum-based diesel fuel by HDVs increases to 2 3 million barrels per day in 2035 in the AE02072 Reference 
case, accounting for 19 percent of total petroleum consumption in the transportation sector (12 1 million barrels per day) and 14 
percent of the U S total for all sectors (17 2 million barrels per day) 

Historically, natural gas has played a negligible role as a highway transportation fuel in the United States In 2010, there were 
fewer than 40,000 total natural gas HDVs on the road, or 0 4 percent of the total HDV stock of nearly 9 million vehicles Sales 
of new HDVs fueled by natural gas peaked at about 8,000 in 2003, and fewer than 1,000 were sold in 2010 out of a total of 
more 360,000 HDVs sold Wi th  relatively few vehicles on the road, natural gas accounted for 0 3 percent of total energy used 
by HDVs in 2010 

As of May  2012, there were 1,047 CNG fueling stations and 53 LNG fueling stations in the United States, wi th 53 percent of the 
CNG stations and 57 percent of the LNG stations being privately owned and not open to the public [541 Further, the stations 
were not evenly distributed across the United States, with 22 percent (227) of the CNG stations and 6 8  percent (36) of the 
LNG stations located in California In comparison, nationwide, there were more than 157,000 stations selling motor gasoline 
in 2010 [SS] 

Developments in natural gas and petroleum markets in recent years have led to significant price disparities between the two 
fuels and sparked renewed interest in natural gas as a transportation fuel Led by technological breakthroughs in the production 
of natural gas from shale formations, domestic production of dry natural gas increased by about 14 percent from 2 0 0 8  to 2011 
In the AEOZOIZ Reference case, U 5 natural gas production (including supplemental gas) increases from 21 6 trillion cubic feet 
in 2010 to 28 0 trillion cubic feet in 2035 Further, although the world market for oil and petroleum products is highly integrated, 
with prices set in the global marketplace, natural gas markets are less integrated, with significant price differences across regions 
of the world Wi th  the recent growth in U S natural gas production, domestic natural gas prices in 2012 are significantly lower 
than crude oil prices on an energy-equivalent basis (Figure 34) 

Fuel arid infrastructure issues 
Even when it appears that an emerging technology can be 
profitable wi th significant market penetration, achieving 
significant penetration can be difficult and, potentially, 
unattainable Refueling stations for NGVs are unlikely to  be 
built without some assurance that there will be sufficient 
numbers of NGVs to be refueled, soon enough to allow for 
recovery of the capital investment within a reasonable period 
of time In terms of estimating the prices that will be charged 
for NGV fuels beyond the cost of the dry natural gas itself, 
and the issue of expected utilization rates, there are additional 
uncertainties related to capital and operating costs, taxes, 
and the potential of prices being set on the basis of the prices 
of competing fuels 

Basic fuel issues 
Diesel fuel falls into the category of distillate fuels, which 
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value of crude oil inputs for the refining process In 2011, the spot price of Gulf Coast ultra-low sulfur diesel fuel averaged $2 97 
per gallon The wholesale diesel price reflects crude oil costs, as well as the difference between the wholesale price at the refinery 
gate and the cost of crude oil input, commonly referred to as the "crack spread," which reflects the costs and profits of refineries 
Beyond the wholesale price, the pump price of diesel fuel reflects distribution costs, Federal, State, and local fuel taxes, retailing 
costs, and profits For diesel fuel, with an average energy content of 138,690 Btu per gallon, the 2011 national average retail price 
of $3.84 per gallon is equivalent to about $27 8 0  per million Btu 

Although early models of NGVs sometimes were less fuel-efficient than comparable diesel-fueled vehicles, current technologies 
allow for natural gas to be used as efficiently as diesel in HDV applications Therefore, comparisons between natural gas and 
diesel fueling costs can be based on the price of energy-equivalent volumes of fuel For this analysis, the cost and price of natural 
gas fuels are expressed in terms of diesel gallon equivalent (dge) For example, with an energy content of approximately 84,820 
Btu per gallon, 1 gallon of LNG is equivalent in energy terms to 0 612 gallons of diesel fuel 

Fuel costs for LNG and CNG vehicles depend on the cost of natural gas used to produce the fuels, the cost of the liquefaction 
or compression process (including profits), the cost of moving fuel from production to refueling sites (if applicable), taxes, and 
retailing costs Costs can vary wi th the scale of operations, but the significant disparity between current natural gas and crude oil 
prices suggests that the cost of CNG and LNG fuels in dge terms could be significantly below the price of diesel fuel 

There are different wholesale natural gas prices and capital costs associated with CNG and LNG stations CNG retail stations, 
which typically have connections to the pipeline distribution network and thus require compression equipment and special 
refueling pumps, are likely to  pay prices for natural gas that are similar to those paid by commercial facilities For LNG stations, 
insulated LNG storage tanks and special refueling pumps are needed LNG typically would be delivered from a liquefaction facility 
that, depending on its scale, would pay a natural gas price similar to the prices paid by electric power plants. The costs of liquefying 
and transporting the fuel to the retail station would ultimately be included in the retail price 

In a competitive market, retail fuel prices should reflect costs, including input, processing, distribution, and retailing costs, normal 
profit margins for processors, distributors, and retailers, and taxes For example, the market for diesel fuel, which is produced by a 
large number of foreign and domestic refiners and is sold through numerous distributors and retail outlets, generally i s  considered 
to be a competitive market, in which retail prices follow costs 

CNG and LNG markets, at least in their initial stages, may not be as competitive as diesel fuel markets For example, at public 
refueling stations, LNG and CNG currently sell at prices significantly higher than would be suggested by a long-term analysis of 
cost-based pricing. According to DOE'S April 2012 "Clean Cities Alternative Fuel Price Report," the average nationwide nominal 
retail price for LNG was $3.05 per dge, and the average for CNG was $2 32 per dge E561 
If the use of LNG and/or CNG to fuel HDVs starts to grow, it is likely to take some time before fuel production and refueling 
infrastructure become sufficiently widespread for competition among fuel providers alone to assure that fuel prices are more 
closely linked to cost-based levels. However, even without many fuel providers, operators of an LNG and/or CNG vehicle fleet 
may be in a position to negotiate cost-based fuel prices with refueling station operators seeking to lock in demand for their initial 
investments in refueling infrastructure. Such arrangements provide an alternative to reliance on centrally fueled fleets as a means 
of circumventing the problem of how to introduce NGVs and natural gas refueling infrastructures concurrently 

Build-out process for refueling stations 
It is not clear how NGVs and an expanded natural gas refueling infrastructure ultimately will evolve One view is that a "hub- 
and-spoke" model for refueling infrastructure will expand sufficiently in multiple areas for a point-to-point system to  take hold 
eventually. The "hubs" in the model would include the local refueling infrastructure, currently in place primarily to support local 
fleets The "spokes" would ensure that refueling infrastructure is in place on the main transportation corridors connecting the hubs 

Several regional efforts are in place to encourage such "hub-and-spoke" growth for NGV refueling facilities They include the 
Texas Clean Transportation Triangle [571, a strategic plan for CNG and LNG refueling stations between Dallas, San Antonio, and 
Houston; and the Interstate Clean Transportation Corridor [58], which aims to provide LNG fueling stations between such major 
western cities as Los Angeles, Las Vegas, Phoenix, Reno, Salt Lake City, and San Francisco. There also is a plan for a Pennsylvania 
Clean Transportation Corridor [59], which would provide CNG and LNG fueling stations between Pittsburgh, Harrisburg, Scranton, 
and Philadelphia 

In several corridors, Federal and State incentives are subsidizing both the construction of refueling stations and the production of 
heavy-duty LNG vehicles [60],  in an effort to ensure that both demand and supply will be in place concurrently. A major question 
is whether gaps between isolated targeted markets can be bridged to provide a nationwide refueling structure that will allow 
heavy-duty NGVs to travel almost anywhere. 

Sufficiency of demand for refueling t o  cover capital outlay 
The cost of providing refueling services for NGVs depends on a number of factors and is distinctly different for CNG and LNG 
vehicles Investment decisions are likely to be based on levels of demand NGV refueling capability can be added at an existing 
facility or at a separate dedicated facility (which would require an additional investment) The costs depend in part on the number 
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of fueling hoses added LNG stations in particular benefit from higher volumes, but they also require significant additional land 
to accommodate storage tank(s), and they must satisfy special safety requirements-both of which add costs that can vary 
significantly from place to place One added cost in operating an LNG station is the need for safety suits and specialized training 
for station attendants who dispense the fuel. 

LNG typically is delivered to refueling stations via tanker truck from a separate liquefaction facility, the proximity of which is 
a major factor in the cost and frequency of deliveries. Any significant expansion of LNG refueling capacity also will require 
expanded liquefaction capacity, which currently is not sufficiently dispersed throughout the country to support a nationwide 
LNG refueling infrastructure. Although there are several dedicated large-scale natural gas liquefaction facilities in the United 
States, primarily in the West, there are smaller liquefaction plants and LNG storage tanks currently in use for meeting peak- 
shaving needs of utilities and pipelines during times of high demand There are more than 100 such facilities in the United States, 
with a combined liquefaction capacity of more than 6 billion cubic feet per day The majority are concentrated in the Northeast 
and Southeast [611 

Retail prices and taxes for LNG and CNG fuels 
Even if the costs are fully known, retail prices for CNG and LNG transportation fuels remain uncertain, given questions about 
whether dispensers would charge higher prices in order to recover costs more rapidly if the facility were underutilized or would set 
prices to be competitive with the price of diesel Prices charged at private stations for fleet vehicles presumably would be based on 
cost. W i th  the number of refueling stations limited, competition between retailers is likely to  be limited, at least initially However, 
NGV refueling stations presumably would want to provide sufficient economic incentive in terms of the competitiveness of fuel 
prices to encourage more purchases of NGVs 

NGV fuel is taxed at State and Federal levels Currently, on a Federal level, CNG is taxed at the same rate as gasoline on an 
energy-equivalent basis ($0.18 per gasoline gallon equivalent, or $0.21 per dge) However, LNG is taxed at a higher effective rate 
than diesel fuel, because i t  i s  taxed volumetrically at $0 24 per LNG gallon equivalent ($0.40 per dge) rather than on the basis of 
energy content [62]. State taxes vary, averaging $0 15 per dge for CNG and $0 24 per dge for LNG 

Vehicle Issues 

Incremental vehicle cost 
NGVs have significant incremental costs relative to their diesel-powered counterparts because of the need for pressurization and 
insulation of CNG or LNG tanks and the lower energy content of natural gas as a fuel. Total incremental costs relative to diesel 
HDVs range from about $9,750 to $36,000 for Class 3 trucks (GVWR 10,001 to 14,000 pounds), $34,150 to $69,250 for Class 
4 to 6 trucks (GVWR 14,001 to 26,000 pounds), and $49,000 to $86,125 for Class 7 and 8 trucks (GVWR greater than 26,001 
pounds). The incremental costs of heavy-duty NGVs depend in large part on the volume of the vehicle's CNG or LNG storage tank, 
which can be sized to match its typical daily driving range Non-storage-tank incremental costs average about $2,000 for Class 
3 vehicles, $20,000 for Class 4 to  6 vehicles, and $30,000 for Class 7 to 8 vehicles [63]. Fuel storage costs are about $350 per 
gallon diesel equivalent for CNG, with the incremental cost for Class 3 CNG vehicle storage tanks ranging between about $8,000 
and $30,000, and about $475 per gallon diesel equivalent for LNG, with the incremental cost for Class 4 to 8 LNG vehicle storage 
tanks ranging between about $14,000 and $52,000. Natural gas fuel storage technology is relatively mature, leaving only modest 
opportunity for cost reductions 

Availability of fueling infrastructure 
The absence of widespread public refueling infrastructure can impose a serious constraint on heavy-duty NGV purchases 
Owners who typically refuel vehicles at a private central location do not face an absolute constraint based on infrastructure, 
however, and heavy-duty NGVs currently in operation have tended to be purchased by fleet operators who refuel consistently at 
a specific central location or in areas where their vehicles routinely operate on dedicated routes 

Cost-effectiveness w i th  average vehicle usage 
In order to take advantage of potential fuel cost savings from switching to  NGVs, owners must operate the vehicles enough to 
pay back the higher incremental cost in a reasonable period of t ime. The payback period varies with miles driven and is shorter 
for trucks that are used more intensively. Payback periods for the upfront incremental costs of NGVs are greater than 5 years for 
Class 3 vehicles unless they are driven at least 20 ,000  to 40,000 miles per year, and for Class 7 and 8 vehicles unless they are 
driven at least 60,000 to 80,000 miles per year Shorter payback periods, 3 years or less, may reflect typical owner expectations 
more accurately [641, but they require much more intensive use: around 60,000 to 80,000 miles annually for Class 3 vehicles 
and more than 100,000 miles annually for Class 7 and 8 vehicles. For example, for a Class 7 or 8 compression ignition NGV 
with average fuel economy of 6 miles per gallon (which has a similar fuel economy compared to a diesel counterpart) and an 
incremental cost of $80,000, the payback period would be just over 3 years if the vehicle were driven 100,000 miles per year, 
assuming a diesel fuel price of $4 .00  per gallon and an LNG fuel price of $2.50 per gallon. I f  the same Class 7 or 8 vehicle were 
driven 40,000 miles per year, the payback period would be about 8 years Further, without a widely available infrastructure, 
heavy-duty NGVs tend to be considered by centrally refueled fleets, which may have less mileage-intensive vehicle use 
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According to the Department of Transportation's Vehicle Inventory and Use Survey [65] ,  last completed in 2002, a large segment 
of the HDV market simply does not drive enough to justify the purchase of an NGV (Figure 35) Around 30 percent of Class 3 
vehicles and 75 percent of Class 7 and 8 vehicles are not driven enough to reach the 5-year payback threshold mentioned above 
This is a significant portion of the market that would require either more favorable fuel economics or lower vehicle costs before 
the purchase of an NGV could be justified 

0 t her m arlte t II ncer t ai n t ies 
Other factors may also affect market acceptance of heavy-duty NGVs First, the purchase decision could be affected by the 
considerable additional weight of CNG or LNG tanks For owners who typically "weight-out" a vehicle (driving with a full payload), 
adding heavy CNG or LNG tanks necessitates a reduction in freight payload The EPA and NHTSA have estimated that about one- 
third of Class 8 sleeper tractors routinely are "weighted-out" [66]  

A diesel tractor with 200 gallons of tank capacity and a fuel economy of 6 miles per gallon can drive 1,200 miles on a single 
refueling The same tractor would need up to  110 dge of LNG tank capacity, at a considerable weight penalty and an incremental 
cost of more than $80,000, to allow for a range of about 650 miles on a single refueling Because owner/operators typically stop 
several times per day, the reduction in unrefueled maximum range would not require additional breaks for vehicles with large 
CNG or LNG tanks However, CNG and LNG vehicles that do not opt for large tanks because of either weight or incremental cost 
considerations might have to refuel more frequently 

Finally, the owner perception of the balance of risk and reward for large capital investment is an uncertainty Higher upfront capital 
costs can prove economically prohibitive for some potential owners Even if  the payback period for an investment in natural 
gas vehicles seemed acceptable, financing constraints or returns available on competing investment options could preclude the 
purchase Additionally, the residual value of natural gas HDVs could, in theory, affect market uptake Wi th  little natural gas 
refueling infrastructure in existence, the potential resale market is constrained to owners of centrally operated fleets However, 
lease terms tend to limit the importance of this factor 

The complex set of factors influencing the potential for natural gas as a fuel for HDVs includes several areas for which policy 
mechanisms have been discussed Most policy debates to date have considered the possibility of subsidies to reduce the 
incremental cost of natural gas vehicles (for example, in Senate and House versions of the New Alternative Transportation to  Give 
Americans Solutions Act [67] )  and Federal grant-based or other financial support for fueling station infrastructure In addition, 
market hurdles related to consumer acceptance or payback periods might also be addressed through loan guarantees or related 
financial support policies, both for the vehicles and for the refueling infrastructure 

HD NGV Potential case results 
The AE02Ol2 H D  NGV Potential case examines issues associated with expanded use of heavy-duty NGVs, under an assumption 
that the refueling infrastructure exists to  support such an expansion The HD NGV Potential case differs from an earlier sensitivity 
case completed as part of the Annual Energy Outlook2010, which focused on possible subsidies to  expand the market potential for 
heavy-duty NGVs and limited its attention to vehicles operating within 200 miles of a central CNG refueling facility 

The AE02012 H D  NGV Potential case permits expansion of the HDV market to allow a gradual increase in the share of HDV 
owners who would consider purchasing an NGV if justified by the fuel economics over a payback distribution with a weighted 

average of 3 years The gradual increase in the maximum 
natural gas market share reflects the fact that a national 
natural gas refueling program would require t ime to build out 
The natural gas refueling infrastructure is  expanded in the 
H D  NGV Potential case simply by assumption, it is not clear 
how (or whether) specific barriers to natural gas refueling 
infrastructure investment can be overcome 

Incremental costs for NGVs in the H D  NGV Potential case 
differ from those in the Reference case In the H D  NGV 
Potential case, incremental costs are determined by assuming 
a set cost for CNG or LNG engines plus a CNG or LNG tank 
cost based on the average amount of daily travel and vehicle 
size class The HD NGV Potential case includes separate 
delivered CNG and LNG fuel prices for fleet and nonfleet 
operators Added per-unit charges to recover infrastructure 
are set and held constant in real terms throughout the 
projection period, based on the assumptions that refueling 
stations would be utilized at a sufficiently high rate to warrant 
the capital investment, and that the prices charged for the 
fuel would be cost-based (i e ,  station operators would not 
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set prices on the basis of prices for competing fuels) Motor fuels taxes are assumed to remain at their current levels in nominal 
terms, maintaining the higher energy-equivalent tax on LNG relative to diesel fuel 

In defining CNG and LNG prices for the HD NGV Potential case, EIA examined current motor fuel taxes and any charges added 
to the commodity price of dry natural gas sold at private central refueling stations (fleets) and at retail stations where actual data 
were available Accordingly, an HDV Reference case was developed from the AEO2Ol2 Reference case, by including the updated 
fleet and retail CNG and LNG prices, to provide a consistent basis for comparison with the HD NGV Potential case (Figure 36) The 
HDV Reference case assumes that Class 3 through 6 vehicles use CNG, obtained from either fleet operators (using fleet prices) 
or nonfleet operators (using retail prices), and that Class 7 and 8 vehicles, both fleet and nonfleet, use LNG 

Sales of heavy-duty NGVs rise dramatically in the HD NGV Potential case, based on the national availability of refueling 
infrastructure and expanded market potential (Figure 37) Sales of new heavy-duty NGVs increase from 8 6 0  in 2010 (0 2 percent 
of total new HDV sales) to about 275,000 in 2035 (34 percent of total new vehicle sales), as compared with 26,000 in the HDV 
Reference case (3 percent of total new HDV sales) New heavy-duty NGVs gradually claim a more significant share of the vehicle 
stock, from 0 4 percent in 2010 to 21 8 percent (2,750,000 vehicles) in 2035, as compared with 2 4 percent (300 ,000  vehicles) 
in 2035 in the HDV Reference case 

As a result of the large projected increase in sales of new heavy-duty NGVs, natural gas demand in the HDV sector rises from 
about 0 01 trillion cubic feet in 2010 to 1 8 trillion cubic feet in 2035 in the HD NGV Potential case, as compared with 0 1 trillion 

cubic feet in the HDV Reference case (Figure 38) The natural 
gas share of total energy use by HDVs grows from 0 2 percent 
in 2010 to 32 percent in 2035 in the HD NGV Potential case, 
compared with 1 6 percent in the HDV Reference case 

Roughly speaking, about 1 trillion cubic feet of natural gas 
consumed per year replaces 0 5  million barrels per day of 
petroleum and other liquids Thus, natural gas consumption by 
HDVs in the HD NGV Potential case displaces about 850,000 
barrels per day of petroleum and other liquids consumption in 
2035 (Figure 39) Without a major impact on world oil prices, 
which is not expected to result from thegradual but significant 
adoption of natural gas as a fuel for U 5 HDVs, nearly all the 
reduction in petroleum and other liquids use by US HDVs 
would be reflected by a decline in imports 

In the HD NGV Potential case, projected total U 5 natural 
gas consumption in 2035 is  14 trillion cubic feet (5 percent) 
higher than in the Reference case, as the increase in natural 
gas use by vehicles is partially offset by lower consumption in 
other sectors, in response to higher natural gas prices (Figure 
40) The electric power and industrial sectors account for the 
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bulk of the consumption offsets, as their 2035 natural gas use is, respectively, 0 3 trillion cubic feet (3 1 percent) and 0 2 trillion 
cubic feet (2 7 percent) lower than in the Reference case 

In 2035, U S domestic natural gas production in the HD NGV Potential case is 1 1  trillion cubic feet (3 9 percent) higher than in 
the HDV Reference case. The higher level of natural gas production needed to support the growth in HDV fuel use results in a 
10-percent increase in natural gas prices-$0 76 per million Btu (2010 dollars)-at the Henry Hub in 2035 in comparison with 
the HDV Reference case. Percentage increases in delivered natural gas prices to other sectors, which include transmission and 
distribution costs that are not affected by higher prices to  producers, are smaller, with delivered natural gas prices increasing by 
4.9 percent in the residential sector, 5 9 percent in the commercial sector, 8 9 percent in the industrial sector, and 7.9 percent in 
the electricity generation sector in comparison with the HDV Reference case in 2035 

Petroleum-based liquid fuels represent the largest source of U S energy consumption, accounting for about 37 percent of 
total energy consumption in 2010 The mix and composition of liquids, however, have changed in recent years in response to 
changes in regulations and other factors, and the structure of the liquid fuels production industry has changed in response 
[68] The changes in the industry require that analytical tools used for market analysis of the liquid fuels produced by the 
industry also be reevaluated 

In recognition of the fundamental changes in the liquid fuels production industry, EIA is developing a new Liquid Fuels Market 
Module (LFMM), which it intends to use in place of the existing Petroleum Market Module (PMM) to produce the Annual Energy 
Outlook2013 The LFMM will allow EIA to address more adequately the current and anticipated domestic and international market 
environments, to analyze the implications of emerging technologies and fuel alternatives, and to evaluate the impact of complex 
emerging energy-related policy, legislative, and regulatory issues Some results from an early simulation of the LFMM, the LFMM 
case, are provided here 

The landscape for both production and consumption of liquid fuels in the United States continues to evolve, leading to changes in 
the mix of liquid fuel feedstocks, with greater emphasis on renewable fuels The liquid fuels markets are not homogeneous, regional 
differences have become more pronounced Furthermore, U S policymakers are paying more attention to evolving markets for 
liquid fuels and the potential for improving the efficiency of liquid fuels consumption, reducing GHG emissions associated with the 
production and consumption of liquid fuels, and improving the Nation's energy security by reducing reliance on imports Major 
industry changes and their implications are discussed below 

New feeclstoclts aiicl technologies 
Over the past 25 years, the U S liquid fuels production industry has changed from being based primarily on domestic petroleum 
to using a variety of feedstocks and finished products from sources around the world Regulatory and policy changes have resulted 
in the use of feedstocks other than crude oil, such as natural gas and renewable biomass, and could lead to the use of other 
feedstocks (such as coal) in the coming years These changes have resulted in a transition from a relatively straightforward supply 
chain relying on crude oil and finished products to an increasingly complex system, which must be reflected in models to produce 
valid projections 
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The term "liquid fuels production industry" refers to all the participants in the production and delivery of liquid fuels, from 
production of feedstocks to delivery of both liquid and non-liquid end-use products to  customers It includes participants in the 
more traditional petroleum refining sector, relying on crude oil as a primary feedstock, in the nonpetroleum fossil fuel sector, 
using natural gas and coal to produce liquid fuels, and in the biofuel sector, using biomass to produce biofuels such as ethanol 
and biodiesel The complexity of the industry supply chain is inadequately described by nomenclature predicated on specific 
feedstocks (e g., crude oil), processes (e g. refinery hydrotreating), or end-use products (e g , diesel fuel and gasoline), which fail 
to capture the significant economic implications of non-liquid-fuel products for the industry 

The components of the U 5. liquid fuels production industry-including petroleum, nonpetroleum fossil fuel, and biofuel sectors- 
are shown in Figure 41, along with examples illustrating processes and products Figure 41 also highlights the differences between 
the new expanded "liquid fuels production industry," which the entire figure represents, and the less extensive "petroleum and 
other liquids industry," the components of which are highlighted in red 

Nonpetroleum feedstocks are used in many new and emerging technologies, such as fermentation, enzymatic conversion, GTL, 
CTL, biomass-to-liquids, and algae-based biofuels The new technologies provide valuable non-liquid-fuel co-products-such as 
chemical feedstocks, distiller's grains, and vegetable oils-that significantly affect the economics of liquid fuels production. The 
emergence of renewable biofuels has led to the introduction of midstream components such as ethanol and biodiesel, which are 
blended with petroleum products such as gasoline and diesel fuel during the final stages of the supply chain at refineries, blending 
sites, or retail pumps The increase in biofuel production has led to new distribution channels and infrastructure investments 
and recognition of new production regions, such as the high concentration of ethanol producers in the Midwest. The new LFMM 
will include the entire liquid fuels production industry, providing greater flexibility for integrating new technologies and their 
associated products into the liquid fuels supply chain, better reflecting the industry's evolution. 

In AE02072, the "petroleum and other liquids" category includes the petroleum sector and those non-petroleum-based liquid 
products shaded in red in Figure 41, such as ethanol and biodiesel, which are blended with petroleum products to make end- 
use liquid fuels. Because this approach treats nonpetroleum products as exogenously produced feedstocks, the petroleum and 
other liquids concept used in AE02072 does not explicitly link the industrial processes that yield nonpetroleum liquid fuels (nor 
their feedstocks, nonpetroleum fossil fuels and biomass) with liquids production The more inclusive definition of the liquid fuels 
production industry illustrated in Figure 41 is necessary to capture and model the full range of product flows and economic drivers 
of decisionmaking by firms involved in this complex industry 

Nonpetroleum feedstocks do not exist in traditional liquid form, and they require a different analytical approach for analysis of 
their conversion to liquid fuels Traditional volumetric measures, such as process gain, are not applicable to an analysis of the 
liquids produced from nonpetroleum feedstocks. It is more appropriate to use the fundamental principles of mass and energy 
balance to evaluate process performance, market penetration, and supply/demand dynamics when the uses of nonpetroleum 
feedstocks are being examined This approach allows for comparison among the different sectors of the liquid fuels production 
industry. Figure 42 provides an overview of the liquid fuels production industry on a mass basis 

The variety and changing dynamics of nonpetroleum feedstocks and the resulting end-use products also are illustrated in Figure 
42. In recent history, biomass has taken significant market share from petroleum feedstocks, correlated with shifts in product 
yields-a trend that is expected to continue in the future, along with further diversification into nonpetroleum fossil feedstocks 
In 2000, nearly all liquid fuels were derived from petroleum Since then, however, the share of petroleum has dropped while the 
shares of biomass and other fossil fuels have increased. In 2011, the combined biomass and other fossil fuels share of feedstocks 
was almost 18 percent, measured on a mass basis In the LFMM case, the biomass share of feedstock consumption increases to 

Petroleum 
sector 

Nonpetroleum 
fossil fuel sector 

Bi of ue I 
sector 

42 

Primary feedstocks Refining processes Refined products End-use products 

I O t h e r o s s i l  fuels t'J Gasification 
I 1. I Direct liauefaction I " IChemicals ' V  

1 Gas plant fractionator I 

Enzymes 

U S Energy Information Administration I Annual Energy Outlook 2012 



3 0  percent in 2035, and the petroleum share falls to about 57 percent The biomass share of end-use products increases only 
to 10 percent in 2035, reflecting differences in conversion efficiencies between petroleum and nonpetroleum feedstocks, as 
highlighted by the growing but still small nonpetroleum content of gasoline and distillates 

Changes in crude oil types 
Economic growth in the developing countries over the past decade has increased global demand for crude oil Over the same 
period, new technologies for recovering crude oil, changes in the yields of existing crude oil fields, and a global increase in 
exploration have expanded the number and variety of crude oil types The United States currently imports more than 100 different 
types of crude oil from around the world, including a growing number from Canada and Mexico, with a wide range of API gravities 
(between 10 4 and 6 4  6) and sulfur content (between 0 02 and 5 5 percent) Consequently, it is difficult t o  group them according 
to the categories used in the existing NEMS PMM. A new and more comprehensive representation of the numerous crude types 
is required, as well as flexibility to  add new sources 

The United States increasingly is using crude oil extracted from oil sands and oil shale, as well as other nontraditional petroleum 
sources that require additional processing The new sources have led to  shifts in crude oil flows and changes in the distribution 
network The increased variety and regional availability of certain crude types has created new market dynamics and pricing 
relationships that are difficult to capture using existing methods, especially considering the rapid emergence of "tight oil" 
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production, which, to date, has been substantially different 
in quality from the crude oil previously expected to be 
available to U S refineries For example, light sweet crude 
oil sourced from the Baklten shale formation in North Dakota 
has been sold to refiners on the Gulf Coast in recent years 
at a substantial discount relative to heavier imported crudes, 
because of limitations in the delivery infrastructure 

The growing number of sources, changes in characteristics of 
crudes, and shifting price relationships in crude oil markets 
require an updated representation of different crude types in 
NEMS The model also needs an updated and more dynamic 
representation of the crude oil distribution network in order 
to provide better estimates of changes in crude oil flows and 
potential new regional sources in the future. 

Regional updates 
The Petroleum Administration for Defense Districts (PADD), 
which were developed by the Department of Defense during 
World War 1 1 ,  have been traditionally used as the regional 
framework for analyzing liquid fuels production Because 
the topology and configuration of the liquid fuels market 

have changed significantly, and new 
feedstocks have emerged from regions 
that are subsets of PADDs, the regional 
definitions for processing liquid fuels 
need to be redefined. Toward this end, 
EIA has redefined the refining regions 
on the basis of market potential and 
availability of feedstocks The redefined 
regions will be further divided as market 
conditions change. The new regional 
configuration of the NEMS LFMM will use 
eight domestic regions and adds a new 
international region (Figure 43) 

Each new refining region has unique 
characteristics. PADD 1 has been left 
unchanged in the new configuration, but 
can be further divided based on recent 
and possible future refinery closures and 
shifts in imports from Europe. PADD 2 
was subdivided into the Great Lakes and 
Inland regions due to the concentrated 
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production of biofuels and access to  Canadian crudes PADD 3 was divided into the Gulf Coast and Inland regions due to the 
inability of the interior refineries to handle heavy sour crude PADD 4 was left unchanged California was separated from the rest 
of PADD 5 due to  the State's unique gasoline and diesel specifications and regulatory policies A new international region was 
added comprising Marit ime Canada and the Caribbean 

The modified regional refinery format will allow EIAs analyses to more accurately capture regional refinery trends and potential 
regional regulatory policies that affect the liquid fuels market For example, California often enacts its own regulatory policies 
earlier than the rest of its PADD region, and its individual actions could not be represented accurately in the PADD framework 
As a further example, recent refinery closures and other developments on the East Coast evidence the need for a dynamic and 
flexible representation of the refinery regions that supply the U S market 

Changing product markets 
Crude oil is still the most important and valuable feedstock for the liquid fuels production industry More than 650  refineries, 
located in more than 116 countries, have the capacity to refine 8 6  million barrels of crude oil per day. In the past, most of the 
complex refineries that could transform a wide variety of crudes into numerous different products to meet demand were located in 
the United States Now, however, complex refineries are becoming more common in Europe and the developing countries of Asia 
and Latin America, and the products from export-focused merchant refineries in those countries have the potential to compete 
with US. products An example is  the regular export of surplus gasoline from refiners in Europe to the Northeast United States 

Traditional measures of profitability, such as the 3-2-1 crack spread, require modification in NEMS in view of the changing market 
for liquid fuels The calculation of margins requires consideration of multiple feedstocks and multiple products produced in 
refineries, biorefineries, and production facilities for nonpetroleum fuels Operators in the liquid fuels production industry are 
faced with a choice of investing in facilities and modifying their configurations to meet changing market demand, or exchanging 
domestic feedstocks and products with merchant refineries in a global market For example, increased U S efficiency standards 
for LDVs have reduced demand for gasoline and increased demand for diesel fuel, which has led to more gasoline exports and 
more investment to increase diesel output from domestic refineries 

EIAs new LFMM representation of the liquid fuels production industry will need to account for global competition for both crude 
oil and end-use products As refineries around the world become larger and more complex, smaller refineries may not be able to 
compete with imports produced at low margins Therefore, it is necessary to have a more robust and dynamic representation of 
the liquid fuel producers, as well as additional flexibility to  adjust inputs, refinery configurations, and crude and product demands 
as the industry evolves 

Regulations and policies 
It i s  important for E IAs  models to  represent existing laws and regulations accurately, in addition to being flexible enough to 
model proposed laws and regulations One of the most important regulations currently affecting the U S liquid fuels industry is 
the RFS, which not only has increased production and use of renewable fuels, but also has changed how fuels are distributed and 
consumed both here and abroad The RFS mandates the use of biofuels that are consumed primarily as blends with traditional 
petroleum products, such as gasoline and diesel fuel (Figure 44) Because of their chemical properties, ethanol, biodiesel, and 
other first-generation biofuels generally require their own distribution networks or investments in new infrastructure In addition, 
because they are produced outside traditional petroleum refineries, the new products are added at different points in the supply 

chain, either at blending terminals or at retail sites via blender 
pumps Modeling those changes requires an update to the 
traditional PADD regional format used to represent the 
liquid fuels market, as well as an update to the transportation 
network that distributes the fuels 
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The RFS also requires consideration of many new technologies 
and increases the complexity of decisionmaking in the liquid 
fuels production industry Fuel volumes by product are 
mandated by the RFS For each year, regulated parties must 
make the decision to either buy the available renewable fuels 
in proportion to their RFS requirements or purchase the 
necessary credits For example, the cellulosic biofuel credit 
price is set as the greater of $0 25 cents per gallon or $3 00 
per gallon minus the wholesale gasoline price, both based 
on 2 0 0 8  real dollars The RFS also contains a general waiver 
based on technical, economic, or environmental feasibility 
that the EPA Administrator has discretionary authority to act 
on to reduce the mandates for advanced and total biofuels 
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In addition, use of biofuels has broader implications for the global market, in terms of both feedstocks and the fuels themselves 
A good example is ethanol Its primary feedstocks are corn and sugar, both of which are global commodities in high demand as 
food sources as well as biofuel feedstocks U S ethanol producers compete globally in other countries, such as Brazil, that have 
their own renewable fuels mandates 

Finally, coproducts from biofuels production have a significant influence on their economics For example, the value of the dried 
distillers grains coproduct from corn ethanol production, which can be sold to the agricultural sector, can offset up to one-third of 
the purchase cost for the corn feedstock Thus, the economics of biofuels production are complex, and they require a model that 
accounts for numerous investment decisions, feedstock markets, and global interactions The RFS adds to the liquids fuels market 
a number of fuel technologies, midstream products and coproducts, evolving regional production and distribution networks, and 
complex domestic and global market interactions 

The U S liquid fuels market has evolved substantially over the past 2 0  years in terms of available fuel types, production regions, 
global market dynamics, and regulations and policies The transition has resulted in a liquid fuels market that uses both petroleum- 
and nonpetroleum-based inputs, distributes them around the country by a variety of methods, and makes investment decisions 
based on both economic and regulatory factors The changes are significant enough to make the framework and metrics used in 
traditional refinery models no longer adaptable or robust enough for proper modeling of the transformed liquid fuels market EIA 
currently is in the process of updating i ts framework to  allow better representation of the transformed industry 

Introduction 
The AE02012 Reference case shows considerable change in the mix of generating technologies over the next 25 years Coal 
remains the dominant source of electricity generation in the Reference case, with a 38-percent share of total generation in 2035, 
but that is down from shares of 45 percent in 2010 and nearly 50 percent in 2 0 0 5  The decrease in coal's share of total generation 
is offset primarily by increases in the shares of natural gas and renewables Key factors contributing to the shift away from coal are 
sustained low natural gas prices, higher coal prices, slow growth in electricity demand, and the implementation of Mercury and 
Air Toxics Standards (MATS) [69] and Cross-State Air Pollution Rule (CSAPR) [ 70 ]  These factors influence how existing plants 
are used, which plants are retired, and what types of new plants are built 

Fuel prices and dispatch of power plants 
The price of fuel is a major component of a power plant's variable operating costs [711 The fuel-related variable cost of generating 
electricity is a function of the fuel price and the efficiency of the plant's conversion of the fuel into electricity, also referred to as 
the heat rate Although natural gas prices declined dramatically in the second half of 2011 and the first half of 2012, coal-fired 
power plants have generally had the advantage of lower fuel prices and the disadvantage of higher heat rates in comparison to 
combined-cycle plants fueled by natural gas 

Power plants are dispatched primarily on the basis of their variable costs of operation Plants with the lowest operating costs 
generally operate continuously Plants with higher variable costs are brought on line sequentially as demand for generation 
increases Because fuel prices influence variable costs, changes in fuel prices can affect the choice of plants dispatched For 
instance, i f  the price of natural gas decreases, the variable costs for combined-cycle plants may fall below those for competing 
coal-fired plants, and, as a result, the combined-cycle plant may be dispatched before the coal-fired plant Coal and natural gas 
plants can vary their outputs on the basis of fuel prices, but there are some cases in which plants may cycle off completely until 
they can be operated economically In order to examine the overall impacts of changes in projected fuel price trends on the 
electric power sector, AE02Ol2 includes alternative cases that assume higher and lower prices for natural gas and coal 

Demand for electricity 
Electricity demand determines how much generating capacity is needed When demand increases, plants with higher operating 
costs are brought into service, increasing average operating costs and, as a result, average electricity prices Higher prices, in 
turn, provide economic incentives for the construction of new capacity Conversely, when demand derlines, plants with higher 
operating costs are taken off line or run at lower intensities, and the economic incentives for new plant construction are reduced 
If a plant is not profitable, the owner may decide to retire it 

Mercury and Air Toxics Standards and Cross-State Air Pollution Rule 
Both MATS and CSAPR are included in the AE02012 Reference case [ 7 2 ] .  Both rules have significant implications for the U.S 
generating fleet, especially coal-fired power plants MATS requires all U.S. coal- and oil-fired power plants with capacities greater 
than 25 megawatts to meet emission limits consistent with the average performance of the top 12 percent of existing units- 
known as the maximum achievable control technology. MATS applies to three pollutants: mercury, hydrogen chloride (HCI), and 
fine particulate matter (PM2 5). HCI and PM2 5 are intended to serve as surrogate pollutants for acid gases and nonmercury metals, 
respectively. CSAPR is a cap-and-trade program that sets caps on sulfur dioxide (502) and nitrogen oxide (NO,) emissions from 
all fossil-fueled plants greater than 25 megawatts in 28 States in most of the eastern half of the United States CSAPR is scheduled 
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to begin in 2012, although implementation was delayed by a court-issued stay at the time this article was completed [731 See also 
”Cross-State Air Pollution Rule” in the ”Legislation and regulations” section of this report 

Although the two rules differ in their makeup and the pollutants covered, the technologies that can be used to meet their 
requirements are not mutually exclusive For instance, in order to meet the MATS acid gas standard, it is assumed that coal-fired 
plants without appropriate existing controls will need to install either flue-gas desulfurization (FGD) or dry sorbent injection (DSI) 
systems, which also reduce SO2 emissions Therefore, by complying with the MATS standards for acid gases, plants wil l lower 
overall 502 emissions, facilitating compliance with CSAPR 

AE02072 assumes that a l l  coal-fired power plants will be required to reduce mercury emissions to 90 percent below their pre- 
control levels in order to comply with MATS The AE02072 NEMS explicitly models mercury emissions from power plants 
Reductions in mercury emissions can be achieved with a combination of FGDs and selective catalytic reduction, which is primarily 
used to  reduce SO2 and NO, emissions, or by installing activated carbon injection (ACI) systems. FGD systems may be effective 
in reducing mercury emissions from bituminous coal (due to its chemical makeup), but ACI systems may be necessary to remove 
mercury emissions from plants burning subbituminous and lignite coal 

NEMS does not explicitly model emissions of acid gases or toxic metals other than mercury In order to represent the MATS limits 
for those emissions, AE02012 assumes that plants must install either FGD or DSI systems to meet the acid gas standard and, 
in the absence of a scrubber, a full fabric filter to meet the MATS standard for nonmercury metals AE02072 assumes that the 
appropriate control technologies will be installed by 2015 in order to meet the MATS requirements 

DSI and wet and dry FGD systems are technologies that will allow plants to meet the MATS standards for acid gases As of 2010, 
43 percent of U.S. generating capacity already had FGDs installed [74] For a number of the remaining, uncontrolled plants, 
operators will need to assess the effectiveness of installing FGD or DSI systems to comply with MATS. There are economic and 
engineering tradeoffs between the two technologies FGD systems require significant upfront investment but have relatively low 
operating costs DSI systems generally do not require significant capital expenses but may use significant quantities of sorbent to 
operate effectively, which increases their operating costs Waste disposal for DSI also may be a significant variable cost, whereas 
the waste products from FGD systems can be sold as feedstock for industrial processes 

The EPA set an April 2015 compliance deadline for MATS, but the rule allows State environmental permitting agencies to extend 
the deadline by a year Beyond 2016, the EPA stated that it will handle noncompliant units that need to operate for reliability 
purposes on a case-by-case basis [75] AE02072 assumes that all plants will comply with MATS by the beginning of 2015 

Economics of plant retirements 
The decision to retire a power plant is an economic one Plant owners must determine whether a plant‘s future operations will be 
profitable. Environmental regulations, low natural gas prices, higher coal prices, and future demand for electricityall are key factors 
in the decision Coal plants without FGD systems and with high heat rates, high delivered coal costs, and strong competition from 
neighboring natural gas plants in regions with slow growth in electricity demand may be especially prone to retirement. 

Greenhorise gas policy in AEd12012 
Uncertainty about possible future regulation of GHG emissions will continue to influence investment decisions in the power sector. 
Despite a lack of Congressional action, many utilities include simulations with a future COz emissions price when evaluating 
long-term investment decisions. A carbon price would increase the cost of generation for all fossil fuel plants, but the largest 
impact would be on coal-fired plants Thus, plant owners could be reluctant to retrofit existing coal plants to control for non-GHG 
pollutants, given the possibility that GHG regulations might be enacted in the near future This uncertainty may influence the 
assumptions plant owners make about the economic lives of particular facilities 

In the Reference case, the costs of environmental retrofits are assumed to be recovered over a 20-year period. Two alternative 
cases assume that the costs would be recovered over 5 years, reflecting concern that future laws or regulations aimed at limiting 
GHG emissions will have significant negative effects on the economics of investing in existing coal plants. 

AEO20l2 also includes two alternative cases that assume enactment of an explicit GHG control policy. In each case, a COz price 
is applied across all sectors starting in 2013 and increased at a 5-percent annual real rate through 2035 The price starts at $25 
per metric ton in the GHG25 case and $15 per metric ton in the GHG15 case. The GO2 price is applied across sectors and has a 
significant impact on the cost of generating electricity from fossil fuels, particularly coal 

Alternative cases 
In order to  illustrate the impacts of the various influences on the electric power sector, AEO2012 includes several alternative cases 
that include varying assumptions about fuel prices, electricity demand, and the cost recovery period for environmental control 
equipment investments 

The Reference 0 5  case assumes that the cost recovery period for investments in new environmental controls is reduced from 
2 0  years to  5 years 
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The Low Estimated Ultimate Recovery (EIJR) case assumes that the EUR per tight oil or shale gas well i s  5 0  percent lower than 
in the Reference case, increasing the per-unit cost of developing the resource and, ultimately, the price of natural gas used at 
power plants (Figure 45) 

The High EUR case assumes that the EUR per tight oil or shale gas well is 5 0  percent higher than in the Reference case, 
decreasing the per-unit cost of developing the resource and the price of natural gas for power plants 

The Low Gas Price 0 5  case combines the more optimistic assumptions about future volumes of shale gas production from the 
High EUR case with a 5-year recovery period for investments in new environmental controls 

The High Coal Cost case assumes lower mining productivityand higher costs for labor, mine equipment, and coal transportation, 
which ultimately result in higher coal prices for electric power plants 

The Low Coal Cost case assumes higher mining productivity and lower costs for labor, mine equipment, and coal transportation, 
which ultimately result in lower coal prices for electric power plants. 

The Low Economic Growth case assumes lower growth rates for population and labor productivity, higher interest rates, and 
lower growth in industrial output, which ultimately reduce demand for electricity (Figure 46), which is reflected in electricity 
sales, relative to the Reference case. 

The High Economic Growth case assumes higher growth rates for population and labor productivity. With higher productivity gains 
and employment growth, inflation and interest rates are lower than in the Reference case, and, consequently, economic output grows 
at a higher rate, ultimately increasing demand for electricity, which is reflected in electricity sales, relative to the Reference case 

In the GHG15 case, the CO;! price is set at $15 per metric ton in 2013 and increases at a real annual rate of 5 percent per 
year over the projection period. Price is set to target the same reduction in COz emissions as in the Ai502011 GHG Price 
Economywide case 

In the GHG25 case, the COz price is set at $25 per metric ton in 2013 and increases at a real annual rate of 5 percent per year 
over the projection period Price is set to  target the same dollar amount as in the Ai502011 GHG Price Economywide case. 

Analysis results 

Coal-fired plant retirements 
Significant amounts of coal-fired generating capacity are retired in all the alternative cases considered (Figure 47) (For a map 
of the electricity regions projected, see Appendix F )  In the Reference 0 5  case, 63 gigawatts of coal-fired capacity is retired 
through 2035, 28 percent higher than in the Reference case In the High EUR case, 55 gigawatts of coal-fired capacity is retired, 
as lower wholesale electricity prices and competition from natural gas combined-cycle units makes the operation of some coal 
plants uneconomical In the Low Economic Growth case, 6 9  gigawatts of coal-fired capacity is retired, because lower demand for 
electricity reduces the need for new capacity and makes investments in older plants unattractive 

The High Economic Growth case results in fewer retirements, as existing coal-fired capacity is needed to meet growing electricity 
demand, and higher economic growth pushes up natural gas prices In the Low Coal Cost case, the lower relative coal prices 
increase the profit margins for coal-fired power plants, making it more likely that investments in retrofit equipment will 
recouped over the life of the plants 
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Coal-fired capacity retirements are concentrated in two North American Electric Reliability Corporation (NERC) regions the 
SERC Reliability Corporation (SERC) region, which covers the Southeast region, and the Reliability First Corporation (RFC), which 
includes most of the Mid-Atlantic and Ohio Valley region [76] Many coal-fired plants in those regions are sensitive to the factors 
that influence retirement decisions, as discussed above In the SERC and RFC regions, which in 2010 accounted for 6 5  percent of 
U S coal-fired generating capacity, 4 3  percent of the coal-fired plants do not have FGD units installed Coal plants in the RFC and 
SERC regions are fueled primarily by bituminous coal, generally the coal with the highest cost Projected demand for electricity in 
the early years of the Reference case is low nationwide and, especially, in the RFC region, where demand in 2015 is slightly lower 
than in 2010 In both the GHG15 and GHG25 cases, even larger amounts of coal-fired capacity are retired by 2035 than in the 
non-GHG policy cases 

Generation by fuel 

Coal 
In all cases, generation from coal is lower in 2020  than in 2010 Higher coal prices, relatively low natural gas prices, retirements of 
coal-fired capacity, and slow growth in  electricity demand are responsible for the decrease. Generation from coal IS lower than in 
the Reference case in the Reference 05, High EUR, Low Gas Price 05, High Coal Cost, and Low Economic Growth cases as a result 
of additional retirements of coal-fired capacity, lower natural gas prices, higher coal prices, or lower electricity demand In cases 
where the opposite assumptions are incorporated, coal-fired generation is higher 

Generation from coal begins to recover after 2020, as electricity demand and natural gas prices start to rise The strongest 
increases in coal-fired electricity generation occur in the Low EUR, Low Coal Cost, and High Economic Growth cases When lower 
natural gas prices, lower economic growth, and/or higher coal prices are assumed, coal-fired generation still increases after 2020  
but at a slower rate In all cases, utilization of existing coal-fired power plants increases, because there is no significant growth 
in new coal-fired capacity In the most optimistic case, the High Economic Growth case, only 3 3 gigawatts of new coal-fired 
capacity is added from 2017 to 2035 [77] 
Despite a declining share of the generation mix, coal still has the highest share of total electricity generation in 2035 in all non- 
GHG or High TRR cases However, it never again reaches the 2010 share of 4 5  percent, even in the Low EUR case (where it 
reaches 40 percent in 2035) Conversely, the coal share of total generation in 2035 is 3 4  percent in the Low Gas Price 0 5  case 
The lower coal share is offset by increased generation from natural gas, which grows significantly in all the cases The natural 
gas share of total generation almost equals that of coal in the Low Gas Price 0 5  case In the GHG15 and GHG25 cases, coal-fired 
generation drops to 16 percent and 4 percent, respectively, of the total generation mix in 2035, and in both cases generation from 
coal declines significantly as the explicit price on COz emissions increases costs In the GHG15 and GHG25 cases, decreases in 
coal-fired generation are offset by a mix of natural gas, nuclear, and renewable generation 

Natural gas 
In the AEO2Ol2 Reference case, electricity generation from natural gas in 2020  is 13 percent above the 2010 level, despite an 
increase of only 5 percent in overall electricity generation Low natural gas prices result in greater utilization of existing combined- 
cycle plants as well as the addition of 16 gigawatts of natural gas combined-cycle capacity from 2010 to 2020  The same trends 
are amplifed in cases with lower natural gas prices and more coal-fired capacity retirements and muted in cases with higher 

natural gas prices and fewer coal-fired capacity retirements 
Generation from combustion turbines does not change 
significantly across the cases, demonstrating that changes in 
the relative economics of coal and natural gas affect primarily 
the dispatch of combined-cycle plants to meet base and 
intermediate load requirements, not combustion turbines to 
meet peak load requirements 

In the Reference case, 58 gigawatts of natural gas combined- 
cycle capacity is added from 2020  to 2035, causing an 

75 

Reference 05 

- 

increase in generation from natural gas during the period 
(Figures 48 and 49). In the Low EUR and Low Coal Cost cases, 
growth in natural gas combined-cycle capacity is slower 

Low EUR 

Low Gas Price 05 

Although generation from natural gas increases overall with 
the addition of new capacity, utilization of existing combined- 
cycle plants drops slightly as higher natural gas prices reduce 
the frequency at which combined-cycle plants are dispatched 

In the GHG15 and GHG25 cases, electricity generation from 
natural gas exceeds generation from coal in 2020  Natural 
gas has one-half the COz emissions of coal, and at relatively 
low COZ prices, natural gasgeneration is seen as an attractive 
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alternative to  coal However, as COZ prices rise over the projection period, the increasing cost of generating electricity with natural 
gas causes the growth in natural gas generation to slow In the GHG25 case, natural gas combined-cycle plants with CCS play a 
role in COZ mitigation, with 3 4  gigawatts of natural gas combined-cycle capacity added between 2022 and 2035 

Nuclear 
Generation from nuclear power plants does not change significantly from Reference case levels in any of the non-GHG cases, due 
to the high cost of new nuclear plant construction relative to  natural gas and renewables In the GHG15 and GHG25 cases, nuclear 
power plants become more competitive with fossil plants, because they do not emit C02 and are needed to  replace coal-fired 
capacity that is retired due to  the cost of CO7 emissions In the GHG15 and GHG25 cases, generation from nuclear power is 57 
percent and 121 percent higher, respectively, in 2035 than in 2010 

Reriewables 
Generatton from renewable energy sources grows by 77 percent from 2010 to 2035 in the Reference case Most of the growth in 
renewable electricity generation is a result of State RPS requirements, Federal tax credits, and-in the case of biomass-the availability 
of low-cost feedstocks The change in renewable generation over the 2010-2035 period varies from a 102-percent increase in the High 
Economic Growth case to a 62-percent increase in the Low Economic Growth case The largest growth in renewable generation is 
projected in the GHG15 and GHG25 cases, where renewable generation increases by about 150 percent from 2010 and 2035 in both 
cases A price on COZ emissions makes generation from renewables more competitive with fossil plants without CCS 
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Installations of retrofit equipment 
As discussed above, it is assumed that all coal-fired plants 
must have either FGD or DSI systems installed by 2015 to 
comply with environmental regulations Because retirement 
is the only other option, cases with more retirements have 
fewer retrofits and vice versa (Figure 50) In the Reference 
0 5  and Low Gas Price 0 5  cases, the relative cost of FGD units 
is higher because of the short payback period, making DSI a 
relatively more attractive option 

Emissions 
SO2 emissions are significantly below 2010 levels in 2015 in 
all cases, as a result of coal-fired capacity retirements and 
the installation of pollution control equipment to comply 
with MATS AE02012 assumes that a DSI system, combined 
with a fabric filter, will remove 7 0  percent of a coal plant’s 
502 emissions, and an FGD unit 95 percent As a result of 
the requirement for FGD or DSI systems, all coal plants larger 
than 25 megawatts that did not have FGD units installed in 
2010 significantly reduce their 502 emissions after 2015 by 
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installing control equipment In all cases, coal-fired generation is down overall, which also contributes to the decline in emissions 
SO2 emissions increase after 2020 in all non-GHG cases, as coal-fired generation increases with rising natural gas prices. 
Because DSI and FGD retrofits do not remove all the SO2 from coal-fired power plant emissions, increases in coal-fired generation 
result in higher SO2 emissions, although they are still much lower than comparable 2010 levels Also, the level of SO2 reduction 
is proportional to the amount of coal-fired generation, and therefore the cases with the highest projected levels of coal-fired 
generation also project the highest levels of SO2 emissions 

The projections for mercury emissions are similar. After a sharp drop in 2015, mercury emissions begin to rise slowly as coal-fired 
generation increases in all non-GHG cases. However, mercury emissions in 2035 still are significantly below 2010 levels, as the 
requirement for a 90-percent reduction in uncontrolled emissions of mercury remains binding throughout the projection. 

NO, emissions are not directly affected by MATS, but both annual and seasonal cap-and-trade programs are included in CSAPR. 
Emissions reductions relative to 2010 levels are small throughout the projection period in most cases, mainly because compliance 
with CSAPR NO, regulations is required in only 26 States, and 2010 emissions levels already were close to the cap 

C02 emissions from the electric power sector fall slightly in cases that project declines in coal use, but the largest reductions 
occur in the GHG15 and GHG25 cases In the GHG15 case, GO2 emissions from the electric power sector are 4 6  percent below 
2010 levels in 2035, and in the GHG25 case they are 76 percent below 2010 levels. 

Electricity prices 
Real electricity prices in 2035 are 3 percent above the 2010 level in the Reference case. The increase is relatively modest because 
natural gas prices increase slowly, and several alternatives for complying with the environmental regulations are available When 
lower natural gas prices are assumed, real electricity prices decline relative to the Reference case. Both the GHG15 and GHG25 
cases assume that costs for GO2 emission allowances are passed through directly to customers. Therefore, average electricity 
prices in the GHG15 and GHG25 cases in 2035 are 25 percent and 33 percent higher, respectively, than in the Reference case 
The GHG15 and GHG25 cases do not include any of the rebates to electricity consumers included in some other GHG policy 
proposals, which would reduce the impact on electricity prices 

In the AE02012 Reference case, electricity generation from nuclear power in 2035 is 10 percent above the 2010 total. The nuclear 
share of overall generation, however, declines from 20  percent in 2010 to  18 percent in 2035, reflecting increased shares for 
natural gas and renewable5 

In the Reference case, 15 8 gigawatts of new nuclear capacity is  added from 2010 through 2035, including both new builds (a total 
of 8 5 gigawatts) and power uprates at operating nuclear power plants (7 3 gigawatts). A total of 6.1 gigawatts of nuclear capacity 
is retired in the Reference case, with most of the retirements coming after 2030. However, given the current uncertainty about 
likely lifetimes of nuclear plants now in operation and the potential for new builds, AE02072 includes several alternative cases to 
examine the impacts of different assumptions about future nuclear power plant uprates and operating lifetimes 

IJprates 
Power plant uprates involve projects that are intended to increase the licensed capacity of existing nuclear power plants and 
permit those plants to generate more electricity The U.S. Nuclear Regulatory Commission (NRC) must approve all uprate projects 
before they are undertaken and verify that the reactors will be able to operate safely at higher levels of output. Power plant uprates 
can increase plant capacity by 1 to 2 0  percent, depending on the size and type of the uprate project. Capital expenditures may be 
small (eg., installing a more accurate sensor) or significant (e.g , replacing key plant components, such as turbines). 

In developing projections for nuclear power, EIA relies on both reported data and estimates. Reported data come from Form EIA- 
8 6 0  [78],  which requires all nuclear power plant owners to report any plans for building new plants or making major modifications 
to existing plants (such as uprates) over the next 10 years. In 2010, operators reported that they intended to complete uprate 
projects sometime during the next 10 years, which together would add a total of 0.8 gigawatts of new capacity In addition to the 
reported plans for capacity uprates, EIA assumed that additional power uprates over the period from 2011 to 2035 would add 
another 6 5 gigawatts of capacity, based on interactions with EIA stakeholders with significant experience in implementing power 
plant uprates. 

New builds 
Building a new nuclear power plant is a tremendously complex project that can take many years to complete. Specialized high- 
wage workers, expensive materials and components, and engineering and construction expertise are required, and only a select 
group of firms worldwide can provide them In the current economic environment of low natural gas prices and flat demand for 
electricity, the overall market conditions for new nuclear power plants are challenging. 

Nuclear power plants are among the most expensive options for new generating capacity available today [791 In the AE02072 
Reference case, the overnight capital costs associated with building a nuclear power plant planned in 2012 are assumed to be 
$5,335 per kilowatt of capacity, which translates to $11.7 billion for a dual-unit 2,200-megawatt power plant. The overnight costs 
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do not include additional costs such as financing, interest carried forward, and peripheral infrastructure updates [801 Despite 
the cost, however, deployment of new nuclear capacity supports the long-term resource plans of many utilities, by allowing fuel 
diversification and providing a hedge in the future against potential GHG emissions regulations or natural gas prices that are 
higher than expected 

Incentive programs exist to encourage the construction of new reactors in the United States At  the Federal level, the Energy 
Policy Act of 2005  (EPACTO5) established a loan guarantee program for new nuclear plants completed and in operation by 2020 
[87] A total of $18 5 billion is available, of which $8  3 billion has been conditionally committed to the construction of Southern 
Company's Vogtle Units 3 and 4 [82] EPACT05 also provides a PTC of $18 per megawatthour for electricity produced during 
the first 8 years of operation for a new nuclear plant [83] New nuclear plants must be operational by 2021 to be eligible for the 
PTC, and the credit is limited to the first 6 gigawatts of new nuclear plant capacity In addition to Federal incentives, several States 
provide favorable regulatory environments for new nuclear plants by allowing plant owners to recover their investments through 
retail electricity rates 

Several utilities are moving forward with plans to deploy new nuclear power plants in the United States The Reference case 
reflects those plans by including 6 8 gigawatts of new nuclear capacity over the projection period As reported on Form EIA-860, 
5 5 gigawatts of new capacity (Vogtle Units 3 and 4, Summer Units 2 and 3, and Watts Bar Unit 2) are expected to be operational 
by 2020 [841 The Reference case also includes 1 3  gigawatts associated with the construction of Bellefonte Unit 1, which the 
Tennessee Valley Authority reflects in its Integrated Resource Plan [851. 

In addition to reported plans for new nuclear power plants, 1 8 gigawatts of unplanned capacity is built in the later years of the 
Reference case Higher natural gas prices, recovering demand for electricity, and the need to make up for the loss of a limited 
amount of nuclear capacity all play a role in the additional builds 

L,ong-term operation of the existing nuclear power fleet 
The NRC has the authority to issue initial operating licenses for commercial nuclear power plants for a period of 40 years As of 
December 31,2011, there were 7 reactors that received their initial full power operating licenses over 40 years ago Among this set of 
reactors, Oyster Creek Unit 1 was the first reactor to operate for over 40 years, after receiving its initial full power operating license 
in August 1969 Oyster Creek Unit 1 was followed by Dresden Units 2 and 3, H.B Robinson Unit 2, Monticello, Point Beach 1, and R.E. 
Ginna. The decision to  apply for an operating license renewal is made by nuclear power plant owners, typically based on economics 
and the ability to meet NRC requirements. As of January 2012, the NRC had granted license renewals to 71 of the 104 operating 
reactors in the United States, allowing them to operate for a total of 6 0  years [86] .  Currently, the NRC is reviewing license renewal 
applications for 15 reactors and expects to  receive applications from another 14 reactors between 2012 and 2016 [87] .  

NRC regulations do not limit the number of license renewals a nuclear power plant may be granted. The nuclear power industry is 
preparing applications for license renewals that would allow continued operation beyond 6 0  years The first application seeking 
approval to operate for 8 0  years is tentatively scheduled to be submitted by 2013. Some aging nuclear plants may, however, pose 
a variety of issues that could lead to decisions not to apply for a second license renewal, such as high operation and maintenance 
costs or the need for large capital expenditures to meet NRC requirements. Industry research on long-term reactor operations 
and aging management is focused on identifying challenges that aging facilities might encounter and formulating potential 
approaches to meet those challenges [881 Typical challenges involve materials degradation, safety margins, and assessing the 
integrity of concrete structures. In the Reference case, 6 1 gigawatts of nuclear power plant capacity is retired by 2035, based on 
uncertainty related to issues associated with long-term operations and aging management [89 l .  

It should be noted that although the Oyster Creek Generating Station in Lacey Township, New Jersey, received a license renewal and 
could operate until 2029, the plant's owner has reported to EIA that it will be retired in 2019, after 5 0  years of operation. The AE02012 
Reference case includes this reported early retirement. Also, given the evolving nature of the NRC's regulatory response to  the 
accident at Japan's Fukushima Raiichi nuclear power plant in March 2011, the Reference case does not include retirements directly 
related to the accident (for example, retirements prompted by potential new NRC regulatory requirements for safety retrofits) 

Sensitivity cases 
The AE02072 Low Nuclear case assumes that only the planned nuclear plant uprates already reported to EIA will be completed 
Uprates that are currently under review or expected to be submitted to the NRC are not included. The Low Nuclear case also 
assumes that all nuclear power plants will be retired after 60 years of operation, resulting in a 30.9-gigawatt reduction in U.S 
nuclear power capacity from 2010 to 2035 Figure 51 shows nuclear capacity retirements in the Low Nuclear case by NERC region. 
It should be noted that after the retirement of Oyster Creek in 2019, the next nuclear plant retirement occurs in 2029 in the Low 
Nuclear case. No new nuclear plants are built in the Low Nuclear case beyond the 6.8 gigawatts already planned 

In the High Nuclear case, in addition to plants already under construction, plants with active license applications at the NRC are 
constructed, provided that they have a tentatively scheduled mandatory hearing before the NRC or Atomic Safety and Licensing 
Board and deploy a currently certified design for the nuclear steam supply system, such as the AP1000. With this assumption, 
an additional 6 2 gigawatts of new nuclear capacity is  added relative to the Reference case. The High Nuclear case also assumes 
that all existing nuclear power plants will receive their second license renewals and will operate through 2035. Uprates in the 
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High Nuclear case are consistent with those in the Reference case The only retirement included in the High Nuclear case is the 
announced early retirement of Oyster Creek in 2019 

Res I1 Its 
In the Reference case, 8 5 gigawatts of new nuclear power plant capacity is added from 2010 to 2035, including the 6 8 gigawatts 
reported to EIA (referred to as “planned“) and 1 8 gigawatts built endogenously in NEMS (referred to as “unplanned”) Unplanned 
capacity is added starting in 2030 in response to rising natural gas prices, which make new nuclear power plants a more 
competitive option for new electric capacity In the High Nuclear case, planned capacity additions are almost double those in the 
Reference case, but unplanned additions are lower The price of natural gas delivered to the power sector in the High Nuclear case 
is lower than in the Reference case, making the economics of nuclear power plants slightly less attractive The additional planned 
capacity in the High Nuclear case also reduces the need for new unplanned capacity No unplanned capacity is  added in the Low 
Nuclear case 

Nuclear power generation in 2035 reflects the differences in capacity that occur in the nuclear cases In the High Nuclear case, 
nuclear generation in 2035 is 10 percent higher than in the Reference case, and the nuclear share of total generation IS 20  percent, 
as compared with 18 percent in the Reference case The increase in nuclear capacity in the High Nuclear case contributes to 
an increase in total electricity generation, in spite of lower levels of generation from natural gas (4  percent lower than in the 
Reference case in 2035) and coal and renewables (less than 1 percent lower for each fuel) 

In the Low Nuclear case, generation from nuclear power in 2035 is 3 0  percent lower than in the Reference case, due to the loss 
of 3 0  9 gigawatts of nuclear capacity that is retired after 60 years of operation As a result, the nuclear share of total generation 
is reduced to  13 percent The loss of generation is made up primarily by increased generation from natural gas (12 percent higher 
than in the Reference case in 2035), coal (1 percent higher), and renewables (3 percent higher) 

Real average electricity prices in 2035 are 1 percent lower in the High Nuclear case than in the Reference case, as slightly less 
natural gas capacity is dispatched, lowering the marginal price of electricity In the Low Nuclear case, average electricity prices 
in 2035 are 5 percent higher than in the Reference case as a result of the retirement of a significant amount of nuclear capacity, 
which has relatively low operating costs, and its replacement with natural gas capacity, which has higher fuel costs that are 
passed through to consumers in retail electricity prices Wi th  all nuclear power plants being retired after 60 years of operation in 
the Low Nuclear case, an additional 12 gigawatts of nuclear capacity would be shut down between 2035 and 2 0 4 0  

The impacts of nuclear plant retirements on retail electricity prices in the Low Nuclear case are more apparent in regions with 
relatively large amounts of nuclear capacity For example, electricity prices in the Low Nuclear case are 7 percent higher than in 
the Reference case for the NERC MRO Region, and 6 percent higher in the Northeast, Mid-Atlantic, and Southeast regions Even in 
regions where no nuclear capacity is retired, there are small increases in electricity prices relative to the Reference case, because 
higher demand for natural gas in regions with nuclear plant retirements affect prices nationwide 

The Reference case projections for COz emissions also are affected by changes in assumptions about nuclear plant lifetimes In 
the Low Nuclear case, GOz emissions from the electric power sector in 2035 are 3 percent higher than in the Reference case as a 
result of switching from nuclear generation to natural gas and coal, both which produce more COz emissions In the High Nuclear 
case, COZ emissions from the power sector are slightly (1 percent) lower than in the Reference case Table 12 summarizes key 
results from the AE02012 Reference, High Nuclear, and Low Nuclear cases 

Introduction 
Alaska‘s North Slope oil production has been declining since 
1988, when average annual production peaked at 2 0 million 
barrels per day In 2010, about 600,000 barrels per day of oil 
was produced on the North Slope Although new North Slope 
oil fields have started production since 1988, the decline of 
North Slope production has resulted largely from depletion of 
the North Slope‘s two largest fields, Prudhoe Bay and Kuparuk 
River Recently, Alyeska Pipeline Service Company (Alyeska), 
the operator of the Trans-Alaska Pipeline System (TAPS), 

SERC 1 stated that oil pipeline transportation problems could begin 
when throughput falls below 550,000 barrels per day and 
become increasingly severe with further declines [901 
Alyeska estimates that TAPS operational problems could 
become considerable when throughput falls below 350,000 I RFC 

barrels per day The decline of both North Slope oil production J 
0 2 4 6 8 10 12 
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and TAPS throughput raises the possibility that North Slope oil production might be shut down, with the existing oil fields plugged 
and abandoned sometime before 2035 That possibility is discussed here, as well as alternatives that could prolong the life of 
North Slope oil fields and TAPS beyond 2035. 

Background 

D ec I i n i ng TAPS throughput 
TAPS is an 800-mi le  crude oil pipeline that transports North Slope oil production south to the Alyeska marine terminal in Valdez, 
Alaska. The crude oil is then transported by tankers to West Coast refineries. TAPS currently is the only means for transporting 
North Slope crude oil t o  refineries and the petroleum consumption markets they serve. 

From 2 0 0 4  through 2006, Alyeska reconfigured and refurbished TAPS, spending about $ 4 0 0  million to $ 5 0 0  million [91] both to 
reduce operating expenses and to permit TAPS to operate at lower flow rates, with a potential minimum mechanical throughput 
rate thought to be about 200 ,000  barrels per day at that t ime [92]. As North Slope oil production has declined, however, concern 
about TAPS operation under low flow conditions has grown [93]. In August 2008, Alyeska initiated its Low Flow Impact Study, 
which was released on June 15, 2011 [94]. 
The Alyeska study identified the following potential problems that might occur as TAPS throughput declines from the current 
production levels: 

9 Water dropout from the crude oil, which could cause pipeline corrosion - Ice formation in the pipe i f  the oil temperature drops below freezing 

Wax precipitation and deposition 

* Soil heaving 

Other potential operational issues at low flow rates include sludge dropout, reduced ability to remove wax, reduction in pipeline 
leak detection efficiency, pipeline shutdown and restart, and the running of pipeline pigs that both clean the pipeline and check 
its integrity. 

Although TAPS low flow problems could begin at volumes around 550,000 barrels per day in the absence of any mitigation, their 
severity is  expected to increase as throughput declines further. As the types and severity of problems multiply, the investment 
required to mitigate these is expected to increase significantly. Because of the many and diverse operational problems expected 
to occur at throughput volumes below 350,000 barrels per day, considerable investment could be required to keep the pipeline 
operational below that threshold The Alyeska study does not provide any estimates of what it might cost to keep the pipeline 
operational below either 550,000 or 350,000 barrels per day. Currently, Alyeska is conducting tests and analyses to determine 
the likely efficacy and costs of different remedies 

Mitigating the decline of North Slope oil production 
Although much of the public focus has been on the operational capability of TAPS at low flow rates, the more fundamental issue 
is declining oil production The TAPS low flow issue would be alleviated most readily by discovery and production of large new 
sources of oil on the North Slope Potential sources of significant North Slope oil production are located offshore in the Chukchi 
and Beaufort Seas and onshore in shale and heavy oil deposits The Arctic National Wildlife Refuge (ANWR) is also estimated to 
hold approximately 10 4 billion barrels of technically recoverable oil resources, but Federal oil and gas leasing in ANWR currently 
is prohibited [951 Another potential source of new TAPS volumes would be the conversion of North Slope natural gas resources 
to either methanol or Fischer-Tropsch petroleum products that could be transported to market via TAPS Finally, in the absence 
of new North Slope petroleum supplies, alternative crude oil transportation facilities could be developed, such as a new small- 
diameter pipeline running parallel to the TAPS route [961 or a new offshore oil terminal for North Slope production 

Project ion 
Nuclear plant cumulative retirements (gigawatts) 
Generating capacity cumulative additions (gigawatts) 

Coal 
Natural gas 
Nuclear capacity uprates 
Planned nuclear capacity additions 
Unplanned nuclear capacity additions 
Renewa bles 

Average delivered electricity price, 2035 (2010 cents per kilowatthour) 
Average delivered natural gas price for electric power, 2035 (2010 dollars per million Btu) 
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Which of these potential low-flow solutions (or combination thereof) may ultimately come to fruition is impossible to determine 
at this time Moreover, each solution comes with its own unique set of costs, risks, and lead times Not only does each solution 
entail its own set of risks, there is  also a significant risk that production from existing North Slope fields might decline much 
faster than anticipated and/or that the cost of operating those fields might escalate much faster than expected Under those 
circumstances, there is a risk that any solution(s) could be both too little and too late, because the North Slope oil fields would be 
shut down before a TAPS solution could be implemented 

How quickly TAPS flows will decline, the types of low flow problems that might develop, and the degree of mitigation required 
depend on the success or failure of current offshore and onshore oil exploration and development programs and the quality of 
the oil produced. For example, low-viscosity oil is less problematic to TAPS operations than heavy, viscous oil Because the future 
success of North Slope oil exploration and development is unknown, it is prudent to consider the circumstances under which 
North Slope oil production might cease altogether, causing a shutdown of the TAPS pipeline 

Aside from the question of what i t  might cost to keep TAPS operating at lower flow rates, an additional question is what it might cost 
to keep the existing North Slope oil fields producing Even if the continued operation of TAPS were not in question, each North Slope 
oil field's production will eventually decline to a point at which it is no longer economical to keep the field operating Oil and gas fields 
typically are shut down and abandoned when operating and maintenance costs exceed production revenues At that point, wells are 
plugged and abandoned, surface equipment is removed, and the land is remediated to meet State and Federal requirements. 

Although the cost structure of North Slope field production as production declines is unknown, production generally can be 
sustained profitably at lower production rates when oil prices are higher. Similarly, the economic feasibility of mitigating the 
problems arising from TAPS low flow rates improves when oil prices are higher Consequently, revenues generated by North 
Slope oil production will play a pivotal role in determining the continued economic viability of existing North Slope oil fields, 
the development of new oil fields, the continued operation of TAPS at lower flow rates, and the potential development of new 
transportation facilities 

Several basic strategies have been employed to mitigate declining oil production and revenues from existing oil fields First, the 
field operator can drill in-fill wells into those portions of the reservoir where oil cannot flow to existing production wells. Second, 
the operator can use enhanced oil recovery (EOR) that involves injecting steam or gases (along with water) to reduce viscosity and 
increase oil volumes as an aid to  moving oil to the production wells Currently, methane and natural gas liquids are being reinjected 
with water into many North Slope oil fields to  achieve this outcome, which is referred to as "miscible hydrocarbon" EOR [97] 
Drilling in-fill and EOR injection wells requires investments that are paid for through "maintenance" capital expenditures [98] 
Both activities provide diminishing returns over time, as less oil typically is recovered with each new in-fill or EOR well, causing 
the cost per barrel of oil recovered to rise over time. Table 13 shows the number of in-fill and gas/water injection wells completed 
in 2010 at the three largest North Slope oil fields 

The diminishing returns from new in-fill and EOR wells is demonstrated in recent remarks by a ConocoPhillips official who noted 
that approximately $630 million was to be spent on maintenance capital expenditures in 2011, compared with about $240 million 
in 2001 [99] In 2001 and 2010, ConocoPhillips provided 37.4 percent and 39.1 percent, respectively, of total North Slope oil 
production [700] Using those percentages to scale up ConocoPhillips maintenance capital expenditures so that they represent 
total capital expenditures for North Slope maintenance, then total North Slope maintenance costs can be estimated at about 
$ 6 4 0  million in 2001 and $1 6 billion in 2011-a 150-percent increase over a period in which total North Slope oil production 
declined from 931,000 barrels per day to 562,000 barrels per day. If maintenance capital expenditures increased at the same rate 
(150 percent) over the next IO years, they could be as high as $ 4  billion in 2021. 

Another method for extending oil production is to produce increasing amounts of water relative to oil [701] As oil is produced 
from a reservoir, water typically enters the formation, causing the water-to-oil ratio to increase exponentially over time as oil 
production volumes decline [ 1021 Because the cost per barrel for handling and reinjecting reservoir water typically is relatively 
constant, the operating cost per barrel of oil produced increases exponentially over time. 

Shutdown and abandonment assumptions 
According to the Alyeska study, a TAPS throughput of about 350,000 barrels per day appears to be the threshold at which 
significant investment would be required to permit lower TAPS throughput. AE02072 adopts the 350,000 barrel per day figure as 

Miscible In-fill Gas/water 
Production unit hydrocarbon EOR development wells injection wells Total wells 
Colville River Yes a 6 14 

Kuparuk River Yes 25 26 51 
Prudhoe Bay Yes 68 a 76 

Subtotal 101 40 141 

Total North Slope 168 
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the threshold for either malting significant investments in TAPS or the alternatives, or shutting down and decommissioning TAPS 
and the North Slope oil fields [TO31 

In the AE02Ol2 analysis, the shutdown and decommissioning of TAPS and the North Slope oil fields are also conditional on 
whether North Slope wellhead oil production revenues fall below a specific level The appropriate revenue threshold is uncertain, 
because there is little or no information available to the public on operating and maintenance costs for existing oil fields, how 
those costs have grown historically as production has declined, or how they might grow in the future Similarly, there are no public 
data available on what it might cost to keep TAPS operating as throughput declines [I041 Given the lack of public information, 
this analysis endeavors to  determine both future North Slope production revenues in alternative oil price cases and an order-of- 
magnitude estimate of wellhead production costs 

AE02072 assumes that, in order for the North Slope fields to be shut down, plugged, and abandoned, two conditions would need 
to be met simultaneously TAPS throughput at or below 350,000 barrels per day and total North Slope oil production revenues 
at or below $5 billion per year It is also assumed that if those two conditions were met, TAPS would be decommissioned and 
dismantled, and North Slope oil exploration and production activities would cease [705]. 

The $5 billion threshold for North Slope oil production revenue used in AE02012 is not intended t o  be conclusive regarding the 
conditions under which the North Slope oil fields and TAPS would remain in operation. As noted earlier, in-fill and EOR well drilling 
requirements could escalate to about $4 billion per year by 2021 [IO61 Moreover, with the State of Alaska royalty rate currently 
at about 18 5 percent [7071, a $5 billion revenue level would equate to almost $1 billion in royalties 

Also, an order of magnitude estimate of operating costs can be made by examining what oil companies report for their annual 
production expenses. For example, ExxonMobil reported a range of regional production costs per barrel of oil equivalent (excluding 
taxes) of $6 17 to  $20 07 per barrel in 2010, with the U S. average production cost being $10.67 per barrel [I081 At 350,000 
barrels per day, a North Slope operating expense of $10 to $20 per barrel would equate to $1.28 to $2 56 billion per year in annual 
operating expenses Of course, production costs could well exceed $20 per barrel as North Slope oil production declines 

Although the $5 billion North Slope revenue figure is not conclusive with regard to the actual annual costs faced by North Slope 
field operators in the future, it is a reasonable estimate in light of the sum of current maintenance capital expenditures ($1 6 
billion), estimated operating expenses at 350,000 barrels per day ($1 28 to  $2.56 billion), and a royalty cost of about $1 billion. 
As discussed below, the oil production revenue threshold serves to either advance or delay the date when TAPS and North Slope 
oil production would be shut down. 

The final assumption is that a complete shutdown of North Slope oil production would occur in the year in which both the 
throughput and revenue criteria are satisfied In reality, the actual shutdown of North Slope oil production might be extended over 
a number of years and could begin either before or after the year in which the criteria employed by North Slope producers are met. 

Projections 
A shutdown of North Slope oil production before 2035 is projected only in the Low Oil Price case, which shows both TAPS 
throughput and North Slope oil revenues falling below the 350,000 barrels per day and $5 billion per year thresholds, respectively, 
in 2026 (Figures 52 and 53). In both the Reference and High Oil Price cases, oil prices are sufficiently high both to stimulate the 
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development of new North Slope oil fields, especially offshore, and to provide sufficient oil production revenues to keep the North 
Slope producing oil through 2035 

Figure 53 shows the projected North Slope oil production revenue stream over time in the three price cases, with North Slope oil 
production continuing even after production volume and revenue requirements are no longer met in the Low Oil Price case. Thus, 
if the minimum North Slope revenue requirement were $7 5 billion, a shutdown of North Slope production could occur as soon as 
2020, but only in the Low Oil Price case. 

There is considerable uncertainty about the long-term viability of North Slope oil production and continued operation of TAPS 
through 2035. The two most important determinants of their future viability are the wellhead oil price that North Slope producers 
receive and the availability and cost of developing new North Slope oil resources. Those two factors will determine whether 
new oil fields are developed, whether existing oil fields remain sufficiently profitable to  continue operating, and whether the 
investments required to keep TAPS operating at flow rates below 350,000 barrels per day are economically feasible. 

The AEO2012 Low and High Oil Price cases suggest that North Slope oil production will remain viable across a wide range of oil 
prices Only in the Low Oil Price case are North Slope wellhead oil revenues sufficiently low to cause a shutdown of North Slope 
oil production I f  the Low Oil  Price case represents a low-probability outer boundary for future oil prices, then the likely future 
outcome is that North Slope oil production will continue until at least 2035, if not longer. 

A common measure of the long-term viability of U S domestic crude oil and natural gas as an energy source is the remaining 
technically recoverable resource (TRR) Estimates of TRR are highly uncertain, however, particularly in emerging plays where 
few wells have been drilled Early estimates tend to vary and shift significantly over time as new geological information is 
gained through additional drilling, as long-term productivity is clarified for existing wells, and as the productivity of new wells 
increases with technology improvements and better management practices TRR estimates used by EIA for each AEO are 
based on the latest available well production data and on information from other Federal and State governmental agencies, 
industry, and academia 

The remaining TRR consist of "proved reserves" and "unproved resouires " Ptoved reserves of crude oil and natural gas are the 
estimated volumes expected to be produced, with reasonable certainty, under existing economic and operating conditions 
[ 1091 Proved reserves are also company financial assets reported to investors, as determined by U S Securities and Exchange 
Commission regulations Llnprovedresources are additional volumes estimated to be technically recoverable without consideration 
of economics or operating conditions, based on the application of current technology [I101 As wells are drilled and field equipment 
is installed, unproved resources become proved reserves and, ultimately, production 

AEO estimates of TRR for shale gas and tight oil [711] have changed significantly in recent years (Table 14) [I123 In particular, 
the estimates of shale gas TRRs have changed significantly since the AEO20I1 was published, based on new well performance 
data and United States Geological Survey (USGS) resource assessments For example, in the past year the USGS has released 
resource assessments for five basins Appalachian (Marcellus only), Arkoma, Texas-Louisiana-Mississippi Salt, Western Gulf, and 
Anadarko [I731 The shale gas and tight oil formations in those five basins were the primary focus of EIAs resource revisions for 
AE02012 In 2002, the USGS estimated Marcellus TRR at 19 trillion cubic feet, in 2011, the updated USGS estimate for Marcellus 
was 84 trillion cubic feet (see the following article for more discussion) For the four other basins, shale gas and tight oil TRR had 
not been assessed previously The USGS has not published an assessment of the Utica play in tne Appalachian Basin 

The remainder of this discussion describes how estimates of remaining U S unproved technically recoverable resources of shale 
gas and tight oil are developed for AEO, and how uncertainty in those estimates could affect U S crude oil and natural gas markets 
in the future 

Estimating technically recoverable resources of shale gas and tight oil 
The remaining unproved TRR for a continuous-type shale gas or tight oil area is the product of (1) land area, ( 2 )  well spacing (wells 
per square mile), (3) percentage of area untested, (4) percentage of area with potential, and (5) EUR per well [I141 The USGS 
periodically publishes shale gas resource assessments that are used as a guide for selection of key parameters in the calculation 
of the TRR used in the AEO The USGS seeks to assess the recoverability of shale gas and tight oil based on the wells drilled and 
technologies deployed at the time of the assessment 

The AEO TRRs incorporate current drilling, completion, and recovery techniques, requiring adjustments to the USGS estimates, 
as well as the inclusion of shale gas and tight oil resources not yet assessed by USGS When USGS assessments and underlying 
data become publicly available, the USGS assumptions for land area, well spacing, and percentage of area with potential typically 
are used by EIA to develop the AEO TRR estimates EIA may revise the well spacing assumptions in future AEOs to reflect evolving 
drilling practices If well production data are available, EIA analyzes the decline curve of producing wells to calculate the expected 
EUR per well from future drilling 

Of the five basins recently assessed by the USGS, underlying details have been published only for the Marcellus shale play in the 
Appalachian basin Ai502012 assumptions for the other shale plays are based on geologic surveys provided from State agencies (if 
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available), analysis of available production data, and analogs from current producing plays with similar geologic properties (Table 
15) For AE02072, only eight plays are included in the tight oil category (Table 16) Additional tight oil resources are expected to be 
included in the tight oil category in future AEOs as more work is completed in identifying currently producing reservoirs that may 
be categorized as tight formations, and as new tight oil plays are identified and incorporated 

A key assumption in evaluating the expected profitability of drilling a well is the EUR of the well. EURs vary widely not only across 
plays but also within a single play To capture the economics of developing each play, the unproved resources for each play within 
each basin are divided into subplays-first across States (if applicable), and then into three productivity categories best, average, 
and below average Although the average EUR per well for a play may not change by much from one AEO to the next, the range of 
well performance encompassed by representative EURs can change substantially (Table 17) 

For every AEO, the EUR for each subplay is determined by fitt ing a hyperbolic decline curve to the latest production history, so 
that changes in average well performance can be captured Annual reevaluations are particularly important for shale gas and 
tight oil formations that have undergone rapid development. For example, because there has been a dramatic change from drilling 
vertical wells to drilling horizontal wells in most tight oil and shale gas plays since 2003, EURs for those plays based on vertical 
well performance are less useful for estimating production from future drilling, given that most new wells are expected to be 
primarily horizontal. 

In addition, the shape of the annual well production profiles associated with the EUR varies substantially across the plays (Figure 
54) For example, in the Marcellus, Fayetteville, and Woodford shale gas plays, nearly 65 percent of the well EUR is produced in 
the first 4 years In contrast, in the Haynesville and Eagle Ford plays, 95 percent and 82 percent, respectively, of the well EUR is 
produced in the first four years For a given EUR level, increased “front loading” of the production profile improves well economics, 
but it also implies an increased need for additional drilling to maintain production levels 

At the beginning of a shale play‘s development, high initial well production rates result in significant production growth as 
drilling activity in the play increases. The length of time over which the rapid growth can be sustained depends on the size of the 

AE02006 (as AE02007 (as AEO2008 (as AE02009 (as AE02010 (as AEO2017 (as 
Basin of 1/1/2004) of 1/1/2005) of 1/1/2006) of 1/1/2007) of 1/1/2008) of ~ / m o 9 )  

Shale gas (trillion cubic feet) 

Appalachian 

Fort Worth 

Michigan 

San Juan 

llllnols 

Williston 

Arkoma 

Anadarlto 

TX-LA-MS Salt 

Western Gulf 

Columbia 

Uinta 

Permian 

Greater Green River 

Black Warrior 

Shale gas total 

Tight oil (billion barrels) 

Williston 

San Joaquin/Los Angeles 

Rocky Mountain basins 

Western Gulf 

Permian 

Anadarko 

Tight oil total 

U.S Energy Information Administration 

59 

60 

10 

10 

4 

4 

45 

6 

72 

18 

51 

7 
-- 
_- 
-- 

347 

3 6  

15 4 

5.1 

5.6 
-- 
-- 

29.7 

Annual Energy Outlook 2012 

44 1 

20 

21 

12 

11 

7 

54 

3 

80 

21 

41 

21 

67 

18 

4 

827 

3 6  

15 4 

5 1  

5 6  

1 6  

0 2  

31.5 

AE02012 (as 
of 1/1/2010) 

187 

19 

18 

I O  

11 

3 

27 

13 

66 

59 

12 

11 

27 

13 

5 

482 

5 4  

13 7 

6 5  

5 7  

1 6  

0 3  

33.2 

57 



Exhibit_RW-6 

technically recoverable resource in each play, the rate at which drilling activity increases, and the extent of the play's "sweet spot" 
area [1151 In the longer term, production growth tapers off as high initial production rates of new wells in "sweet spots" are offset 
by declining rates of existing wells, and as drilling activity moves into less-productive areas As a result, in the later stages of a 
play's resource development, maintaining a stable production rate requires a significant increase in drilling. 

Basin/ Play 

Appalachian 

Average 
Area well spacing 

(square (wells per Percent of 
miles) square mile) area untested 

Marcellus 104,067 5 99 

Mica 16,590 4 100 

Arkoma 

Woodford 3,000 8 98 

Fayetteville 5,853 8 93 

Caney 2,890 4 100 

Chattanooga 696 8 100 

TX-LA-MS Salt 

Haynesville/Bossier 9,320 8 98 

Western Gulf 

Eagle Ford 7,600 6 99 

Pea rsal I 1,420 6 100 

Woodford 3,350 4 99 

Anadarko 

Total, selected shale gas plays 

Total, all U S  shale gas plays 

8asin/Play 

Average 
Area well spacing 

(square (wells per Percent of 
miles) square mile) area untested 

Western Gulf 

Austin Chalk 16,078 3 72 

Eagle Ford 3,200 5 100 

Anadarko 

Woodford 3,120 6 

Permian 

Avalon/Bone Springs 1,313 4 100 

Spraberry 1,085 6 99 

Niobrara 20,385 8 97 

Williston Bakkena 6,522 2 77 

Rocky Mountain basins 

San Joaquin/Los Angeles 

Monterey/Santos 2,520 12 98 

Total tight oil 

alncludes Sanish-Three Forks formation 

Percent of Average EUR 
area with (billion cubic 
potential feet per well) 

18 1 56 

21 113 

23 l"97 

23 1.30 

29 0.99 

29 0 34 

34 2.67 

47 2.36 

85 l"22 

29 2.89 

Average 
Percent of EUR (million 
area with barrels 
potential per well) 

61 0.13 

54 0.28 

88 0.02 

78 0.39 

72 0.11 

80 0 05 

97 0.55 

93 0.50 

Number of 
potential 

wells 

90,216 

13,936 

5,428 

10,181 

1,633 

3,369 

24,627 

21,285 

7,242 

3,796 

181,714 

41 0,722 

Number of 
potential 

wells 

21,165 

8,665 

16,375 

4,085 

4,636 

127,451 

9,767 

27,584 

219,729 

TRR (billion 
cubic feet) 

140,565 

15,712 

10,678 

13,240 

1,617 

1,135 

65,860 

50,219 

8,817 

10,981 

318,825 

481,783 

TRR (million 
barrels) 

2,688 

2,461 

393 

1,593 

51 0 

6,500 

5,372 

13,709 

33,226 
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The amount of drilling that occurs each year depends on company budgets and finances and the economics of drilling, completing, 
and operating a well-determined largely by wellhead prices for oil and natural gas in the area For example, current high crude oil 
prices and low natural gas prices are directing drilling toward those plays or portions of plays with a high concentration of liquids 
(crude oil, condensates, and natural gas plant liquids) Clearly, not all the wells that would be needed to develop each play fully 
can be drilled in one year-for example, more than 630,000 new wells would be needed to bring total IJ S shale gas and tight oil 
resources into production In 2010, roughly 37,500 total oil and natural gas wells were drilled in the United States It takes time 
and money to evaluate, develop, and produce hydrocarbon resources 

Although changes in the overall TRR estimates are important, the economics of developing the TRR and the timing of the 
development determine the projections for production of domestic crude oil and natural gas TRR adjustments that affect 
resources which are not economical to develop during the projection period do not affect the AEO projecttons Thus, significant 
variation in the overall TRR does not always result in significant changes in projected production 

EUR sensitivity cases and results 
Estimated ultimate recovery per well is a key component in estimates of both technically recoverable resources and economically 
recoverable resources of tight oil and shale gas The EUR for future wells is highly uncertain, depending on the application of new 

and/or improved technologies as well as the geology of the 
formation where the wells will be drilled EUR assumptions 
typically have more impact on projected production than do 
any of the other parameters used to  develop TRR estimates 
For AEO2012, two cases were created to examine the impacts 
of higher and lower TRR for tight oil and shale gas by varying 
the assumed EUR per well 

These High and Low EUR cases are not intended to represent 
a confidence interval for the resource base, but rather 
to illustrate how different EUR assumptions can affect 
projections of domestic production, prices, and consumption 

1 5  1'0 1'5 i o  To emphasize this point, an additional case was developed that 
combines a change in the assumed well spacing for all shale 
gas and tight oil plays with the EUR assumptions in the High 
EUR case Well spacing is also highly uncertain, depending on 
the application of new and/or improved technologies as well 
as the geology of the formation where the well is being drilled 
In the AEO2012 Reference case, the well spacing for shale gas 
and tight oil drilling ranges from 2 to 12 wells per square mile 

ercent of total EUR, 

0 
Year of aperation 

AE02070 AEOZOll A€ 020 I2 

Basin/ Play Range Average Range Average Range Average 

Appalachian 

Marcellus 0 25-0 74 0 49 0 86-4 66 1 62 0 02-7 80 1 56 

Utica -- _ _  _- -- 0 10-2 75 1.13 

Arkorna 

Woodford 143-4.28 2 85 3 00-5.32 4 06 0 40-4 22 197  

Fayet teville 0 91-2 73 1 82 0 86-2 99 2 03 0 19-3 22 1 30 

Chattanooga -- -_ _- _ _  0 14-1.94 0 99 

Caney _ _  _ _  _ _  -- 0.05-0.66 0 34 

TX-LA-MS Salt 

Haynesville/Boosier 2 30-6 89 4 59 1 13-8 65 3 58 a 08-5 76 2 67 

Western Gulf 

Eagle Ford 1 10-3 29 2 19 1 73-7 32 2 63 a 41-03 2 36 

Pearsall -- -- _- _- 0 12-2 91 1 22 

Anadarko 

Woodford _ _  -- 2.65-4 54 3 42 0 68-5 37 2 89 
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Low EUR case. In the Low EUR case, the EUR per tight oil or shale gas well is assumed to be 50 percent lower than in the Reference 
case, increasing the per-unit cost of developing the resource The total unproved tight oil TRR is decreased to 17 billion barrels, 
and the shale gas TRR is decreased to 241 trillion cubic feet, as compared with 33 billion barrels of tight oil and 482 trillion cubic 
feet of shale gas in the Reference case 

High €OR case. In the HIGH EUR case, the EUR per tight oil or shale gas well is assumed to be 50 percent higher than in the 
Reference case, decreasing the per-unit cost of developing the resource The total unproved tight oil TRR is increased to 50 billion 
barrels and the shale gas TRR is increased to 723 trillion cubic feet 

Nigh TRR case. In the High TRR case, the well spacing for all tight oil and shale gas plays is assumed to be 8 wells per square mile 
(i e ,  each well has an average drainage area of 80 acres), and the EUR per tight oil or shale gas well is assumed to be 50 percent 
higher than in the Reference case In addition, the total unproved tight oil TRR is increased to  8 9  billion barrels and the shale gas 
TRR is increased to 1,091 trillion cubic feet, more than twice the TRRs for tight oil and shale gas wells in the Reference case 

The effects of the changes in assumptions in the three cases on supply, demand, and pricesfor oil and for natural gas are significantly 
different in magnitude, because the domestic oil and natural gas markets are distinctly different markets Consequently, the 
following discussion focuses first on how the U 5 oil market is affected in the three sensitivity cases, followed by a separate 
discussion of how the U 5 natural gas market is affected in the three cases 

Crude oil and natural gas liquid impacts 
The primary impact of the Low EUR, High EUR, and High TRR cases with respect to oil production is a change in production of 
tight oil and natural gas plant liquids (NGPL) (Table 18) NGPL production is discussed in conjunction with tight oil production, 
because significant volumes of NGPL are produced from tight oil and shale gas formations Thus, changing the EURs directly 
affects NGPL production Relative to  the Reference case, tight oil production increases more slowly in the Low EUR case and 
more rapidly in the High EUR and High TRR cases On average, tight oil production from 2020 to 2035 is approximately 450,000 
barrels per day lower in the Low EUR case, 410,000 barrels per day higher in the High ElJR case, and 1 3  million barrels per day 
higher in the High TRR case than in the Reference case (Figure 55) NGPL production in 2035 is more than 350,000 barrels per 
day lower in the Low EUR case than in the Reference case, nearly 320,000 barrels per day higher in the High EUR case, and 1 0 
million barrels per day higher in the High TRR case 

Tight oil production is highest in the High TRR case, which assumes both higher EUR per well and generally lower drainage area per 
well than in the Reference case In the High TRR case, tight oil production increases from roughly 400,000 barrels per day in 2010 
to nearly 2.8 million barrels per day in 2035, with the Bakken formation accounting for most of the increase The TRR estimate 
for the Bakken is more than 7 times higher in the High TRR case than in the Reference case-39 3 billion barrels compared to 5 4 
billion barrels-which supports a continued dramatic production increase through 2015 and a longer plateau at a much higher 
production level through 2035 than in the Reference case Bakken crude oil production (excluding NGPLs) increases from roughly 
270,000 barrels per day in 2010 to nearly 800,000 barrels per day in 2015 before reaching over 1 million barrels per day in 2021 
and remaining at that level through 2035 in the High TRR case, compared with peak tight oil production of roughly 530,000 barrels 
per day in the Reference case Cumulative crude oil production from the Bakken from 2010 to  2035 is roughly 8 5 billion barrels in 
the High TRR case, compared with 4 3 billion barrels in the Reference case 

2020 2035 

Projection 2010 Reference Low EUR High EUR High TRR Reference Low EUR High EUR High TRR 

Low-sulfur light crude oil 
price 
(2010 dollars per barrel) 79 127 128 125 122 145 147 143 140 

Total U S production of 
crude oil and natural gas 
plant liquids 
(million barrels per day) 

Tight oil 

Natural gas plant liquids 

Other U S crude oil 

Tight oil share of total 
U S crude oil and NGPL 
production (percent) 

U S net import share of 
petroleum product 
supplied (percent) 

60 

7 5  9 6  8 8  10 3 11 6 9 0  8 1  10 0 11 8 

0 4  1 2  0 9  1 5  2 2  1 2  0 7  1 7  2 8  

2 1  2 9  2 6  3 1  3 6  3 0  2.7 3 3  4 0  

5 1  5 5  5 3  5 6  5 7  4 8  4 8  4 9  5 0  

5 12 10 15 19 14 9 17 23 

50 37 41 34 27 36 41 32 24 
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Every incremental barrel of domestic crude oil production displaces approximately one barrel of imports, because U S consumption 
of l iq~ i id  fuels varies little across the cases. Consequently, the projected share of net petroleum imports in total U S liquid fuel 
consumption in 2035 varies considerably across the EUR and TRR cases, from 41 percent in the Low EUR case to 24 percent in 
the High TRR case, as compared with 3 6  percent in the Reference case. However, additional downstream infrastructure may be 
required to process the high levels of NGPL production in the High EUR and High TRR cases 

Changes in domestic oil production have only a modest impact on domestic crude oil and petroleum product prices, because 
any change in domestic oil production is diluted by the much larger world oil market. The United States produced 5 5 million 
barrels per day, or 7 percent of total world crude oil production of 73.9 million barrels per day in 2010 and is projected generally 
to maintain that share of world crude oil production through 2035 in the Reference case 

Natural gas impacts 
The EUR and TRR cases show more significant impacts on U S. natural gas supply, consumption, and prices than that projected 
for crude oil and petroleum products for two reasons (Table 19) First, the U S  natural gas market constitutes the largest regional 
submarket within the relatively self-contained North American natural gas market. Second, in the Reference case, shalegas production 
accounts for 49 percent of total U S natural gas production in 2035, while tight oil production accounts for only 14 percent of total 
U S crude oil and NGPL production and 1 percent of world crude oil production As a result, changes in shale gas production have a 
commensurately larger impact on North American natural gas prices than tight oil production has on world oil prices 

The projections for domestic shale gas production are highly sensitive to the assumed EUR per well. In 2035, total shale gas 
production varies from 9.7 trillion cubic feet in the Low EUR case to 16 0 trillion cubic feet in the High EUR case and 20  5 trillion 
cubic feet in the High TRR case, as compared with 13.6 trillion cubic feet in the Reference case (Figure 56)" Because shale gas 
production accounts for such a large proportion of total natural gas production in 2035, the large changes in shale gas production 
result in commensurately large swings in total U.S. natural gas production In 2035, total U.S. natural gas production ranges from 
26.1 trillion cubic feet in the Low EUR case to 3 4  1 trillion cubic feet in the High TRR case, a difference of 8.0 trillion cubic feet 
production between the two cases 

In comparison with the Reference case, per-unit production costs are nearly double in the Low EUR case and about one-half in the 
High EUR case. In the Low EUR case, the Henry Hub natural gas price of $8.26 per million Btu in 2035 (2010 dollars) is $ 0  8 9  per 
million Btu higher than the Reference case price of $7 37 per million Btu In the High EUR case, the 2035 Henry Hub natural gas 
price of $5.99 per million Btu is $1.38 per million Btu lower than the Reference case price. In the High TRR case, the 2035 Henry 
Hub natural gas price of $ 4  25 per million Btu is $3 12 per million Btu less than the Reference case price. 

The natural gas prices projected in the Low EUR case are sufficiently high to enable completion of an Alaska gas pipeline, with 
operations beginning in 2031. Because an Alaska gas pipeline would make up for some of the reduction in Lower 4 8  shale gas 
production, differences between the Reference and Low EUR case projections for natural gas production, prices, and consumption 
in 2035 are somewhat less than would otherwise be expected. 

The 2035 price spread of $4.01 per million Btu across the cases is reflected in the projected levels of U.S. natural gas consumption. 
Higher natural gas prices in the Low EUR case reduce total natural gas consumption to 25 0 trillion cubic feet in 2035, compared 
with 26.6 trillion cubic feet in the Reference case; and lower natural gas prices in the High EUR and High TRR cases increase 
consumption in 2035 to 28.4 trillion cubic feet and 31.9 trillion cubic feet, respectively 
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The variation in total U S natural gas consumption between the High EUR and High TRR cases is reflected to some degree in 
each end-use category. The electric power sector shows the greatest sensitivity to natural gas prices, with natural gas use for 
electricity generation being more responsive to  changes in fuel prices than is consumption in the other sectors, because much of 
the electric power sector’s fuel consumption is determined by the dispatching of existing generation units based on the operating 
cost of each unit, which in turn is determined largely by the costs of competing fuels-especially coal and natural gas Natural gas 
consumption in the electric power sector in 2035 totals 7 7  trillion cubic feet in the Low EUR case, compared with 9 0 trillion cubic 
feet in the Reference case, 10 1 trillion cubic feet in the High EUR case, and 12 6 trillion cubic feet in the High TRR case. 

In the end-use consumption sectors, opportunities to switch fuels generally are limited to when a new facility is built or when 
a facility‘s existing equipment is retired and replaced Collectively, for all the end-use sectors, natural gas consumption in 2035 
varies by only about 1.9 trillion cubic feet across the cases, from 17 3 trillion cubic feet in the Low EUR case to 19 2 trillion cubic 
feet in the High TRR case, as compared with 177 trillion cubic feet in the Reference case. 

In 2035, the United States is projected to be a net exporter of natural gas in all the cases. The projected volumes of net exports 
vary, with lower natural gas prices resulting in higher net exports However, the High TRR, High EUR, and Low EUR cases assume 
that U.S. gross exports of LNG remain constant at 0 9 trillion cubic feet from 2020  through 2035, because of the inherent 
complexities and uncertainties of projecting foreign natural gas production, consumption, and trade. It is likely, however, that 
actual levels of net LNG exports would be affected by changes in U 5. prices, which in turn, would dampen the extent of the price 
difference across the resource cases 

The variation in levels of net U 5. natural gas exports shown in Table 2 0  reflects the impact of domestic natural gas prices on 
natural gas pipeline imports and exports. Generally, lower natural gas prices, as in the High TRR case, result in lower natural gas 
imports from Canada and higher natural gas exports to Mexico In 2035, net natural gas exports from the United States vary from 
1.2 trillion cubic feet in the Low EUR case to 2 4 trillion cubic feet in the High TRR case, as compared with 1 4 trillion cubic feet in 
the Reference case. 

The sensitivity cases in this discussion are not intended to  provide a confidence interval for estimates of recoverable resources 
of domestic tight oil and shale gas but rather to illustrate the significance of key assumptions underlying the tight oil and shale 
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gas TRRs used in AE02072 TRR estimates are highly uncertain and can be expected to change in subsequent AEOs as additional 
information is gained through continued exploration, development, and production 

As discussed in the preceding article, estimates of crude oil and natural gas TRR are uncertain Estimates of the Marcellus 
shale TRR, which have received considerable attention over the past year, are no exception TRR estimates are likely to continue 
evolving as drilling continues and more information becomes publicly available The Marcellus shale gas play covers more than 
100,000 square miles in parts of eight States, but most of the drilling to date has been in two  areas of northeast Pennsylvania 
and southwest Pennsylvania/northern West Virginia Until 2010, the State of Pennsylvania had maintained a 5-year embargo 
on the release of well-level production data, which severely limited the publicly available information about Marcellus well 
production Now Pennsylvania provides well production data on a cumulative basis-annually for the years before 2010 and 
semi-annually starting in the second half of 2010 Even with more data available, however, it is sti l l  a challenge to estimate TRR 
for the Marcellus play 

In 2002, the USGS estimated that 0 8 trillion cubic feet to 3 7 trillion cubic feet of technically recoverable shale gas resources 
existed in the Marcellus, with a mean estimate of 1 9  trillion cubic feet [716] At that time, most of the well production data 
available were for vertical wells drilled in West Virginia Since 2003, technological improvements have led to more-productive 
and less-costly wells The newer horizontal wells have higher EURs [117] than the older vertical wells In 2011, the USGS released 
an updated assessment for the Marcellus resource, with a mean estimate of 8 4  trillion cubic feet of undiscovered TRR (ranging 
from 43 trillion cubic feet to  144 trillion cubic feet) [I181 For its 2011 assessment, the USGS evaluated well production data 
from Pennsylvania and West Virginia that were available in early 2011 and determined that the data were "not sufficient for the 
construction of individual well Estimated Ultimate Recovery distributions" [I191 Instead, the USGS chose analogs from other 
U S shale gas plays to determine the EUR distributions for its three Marcellus assessment units-Foldbelt, Interior, and Western 
Margin (Figure 57) 
Estimates of the TRR for U 8 shale gas are updated each year for the AEO For AEOZOII, an independent consultant was hired to 
estimate the Marcellus TRR as the available USGS TRR estimate issued in 2003  was clearly too low, since cumulative production 
from the Marcellus shale was on a path to exceed it within a year or two For AE02012, EIA adopted the 2011 USGS estimates of the 
Marcellus assessment areas, well spacing, and percent of area with potential However, EIA examines available well production 
data each year to estimate shale EURs for use in the AEO (Table 20) 

The revised Marcellus EUR for AE02012 is close to the EUR used in AE02071 but nearly 7 0  percent higher than the EUR used in the 
2011 USGS assessment The Interior Assessment Unit EURs developed by EIA reflects the current practice of horizontal drilling and 
well production data through June 2011 for Pennsylvania and West Virginia [I203 Because there has been very little, i f  any, drilling 
in the Western Margin and Foldbelt Assessment Units, the USGS EURs were used for the States in those areas The resulting 

AE02012 estimate for the Marcellus TRR is 
67 percent lower than the AE02071 estimate, 
primarily as a result of increased well spacing 
(132 acres per well vs 80 acres per well) and 
a lower percentage of area with potential (18 
percent vs 3 4  percent) (Table 21) 

The estimation of Marcellus shalegas resources 
is highly uncertain, given both the short 
production history of current producing wells 
and the concentration of most producing wells 
in two small areas, Northeast Pennsylvania 
and Southwest Pennsylvania/Northern West 
Virginia The Marcellus EURs are expected to 
change as additional data are released and the 
methodology for developing EURs is refined 
Also, as more wells are drilled over a broader 
area, and as operators optimize well spacing 
to account for evolving drilling practices, the 
assumption for average well spacing may be 
revised Although the Marcellus shale resource 
estimate will be updated for every AEO, 
revisions will not necessarily have a significant 
impact on projected natural gas production, 
consumption, and prices 
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45,161 149 4.3 

Western 39,844 117 5.5 100% 7 yo 0.13 2,107 
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Links current as  of June 2012 

41 Oil shale liquids, derived from heating kerogen, are distinct from shale oil and also from tight oil, which is classified by EIA as 
crude oil Oil shale is not expected to be produced in significant quantities in the United States before 2035 

42 U S Environmental Protection Agency and National Highway Transportation Safety Administration, "2017 and Later Model 
Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel Economy Standards, Proposed Rule," 

gist e r, (Washington, DC December 1, 20111, website 

43 The ElSA2007 RFS requirement for increasing volumes of biofuels results in a significant number of FFVs in both the Reference 

44 S Bianco, "Chevy Vol ," autobloggreen, website 

45 Battery electric vehicle charge-depleting mode occurs when the vehicle relies on battery power for operation Charge- 
sustaining mode occurs when battery electric power is coupled with power provided by the internal combustion engine 
Vehicles can be designed to operate on a blended mode that uses both charge-depleting and charge-sustaining modes while 
in operation, depending on the drive cycle 

Nissan USA, "Nissan Cars, Trucks, 
Crossovers, & SUVs," website , Trucks, Crossovers & Vans," website 

otive manufacturers, is derived by the U S Environmental 
Protection Agency, 

Nissan USA, "Nissan Cars, Trucks, 
Trucks, Crossovers & Vans," website 

s listed by automotive manufacturers, is derived by the U S Environmental 

hicle Technologies Program," website 

S), 2 0 0 9  REGS Survey Data," website 

5 0  U.S Department of Energy, Office of Energy Efficiency and Renewable Energy, "Alternative Fuels & Advanced Vehicles Data 

ffairs, "Plug-in Electric Vehicles A Practical Plan for Progress," 

ay Transportation Safety Administration, "2017 and Later Model 

case and the CAFE case 

46 Toyota, "Toyota Cars, T 
, and Chevrolet, ' 

47 Toyota, "Toyota Cars, Trucks, SUVs, and Accessories," website 

Center," website 

Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average 
(Washington, DC December 1,2011), website 

53 For this analysis, heavy-duty vehicles include trucks with a Gross Vehicle Weight Rating of 10,001 pounds and higher, 
corresponding to Gross Vehicle Weight Rating classes 3 through 8 vehicles 

5 4  U S Department of Energy, Office of Energy Efficien 
Query" (Washington, DC June 3, 20101, website 
30, 2012 

55 National Petroleum News, Market Facts 2011 

5 6  U S Department of Energy, Office of Energy Efficiency and Renewable Energy, Clean C,ties Alternative Fuel Price Report 
(Washington, DC April, 20121, website 

57 The Texas Clean Transportation Triangle is supported by Texas State Senate Bill 20, which provides vehicle rebates and 
Organization, "Bill Analysis SB 20" (Austin, TX May 21, 2011), website 

58 The Interstate Clean Transportation Corridor was developed in 1996 The corridor is now partially established with LNG truck 
refueling infrastructure in California and to Reno, Las Vegas, and Phoenix See Gladstein, Neandross & Associates, "Interstate 
Clean Transportation Corridor" (Santa Monica, CA February 2, 20121, website 

Accessed June 
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59 The Pennsylvania Clean Transportation Corridor was proposed in a report, "A Road M 
(Canonsburg, PA April 5, 20111, sponsored by the Marcellus Shale Coalition, website 

6 0  The American Recovery and Reinvestment Act has provided more than $300  million toward cost-sharing projects related 
to alternative fuels U S Department of Energy, Office of Energy Efficiency and Rene 
and Reinvestment Act Project Awards" (Washington, DC September 7, 2011) website 

61 For a map of U S LNG peak shaving, see U S Energy lnfor 
Facilities, 2008"  (Washington, DC December, 2008), website 

62 The LNG Excise Tax Equalization Act of 2012, proposed in the U S House of Representatives, would require the tax treatment 
of LNG and diesel fuel t o  be equivalent on the basis of heat conte 
Equalization Act of 2012" (Washington, DC May 29, 2012), website 

63 Developed from e-mail correspondence with Graham Williams, 4/11/12 

64 U S Environmental Protection Agency and National Highway Transportation Safety Administration, "Greenhouse Gas 

67 For information on the New Alternative Transportation to Give Americans Solutions Act of 2012, see Civic Impulse, LLC, "H R 
1380 New Alternative Transportation to Give Americans Solutions Act of 2011" (Washington, DC May 29, 20121, website 

6 8  The liquid fuels production industry includes all participants involved in the production of liquid fuels producers of feedstocks, 

69 U S Environmental Protection Agency, "Mercury and Air Toxics Standards" (Washington, DC March 27, 20121, website 

70  U S Environmental Protection Agency, "Cross-State Air Pollution Rule (CSAPR)" (May 25, 2012), website 

71 Other components of variable cost include emissions control technology, waste disposal, and emissions allowance credits 

72 The AE02072 Early Release Reference case was prepared before the final MATS rule was issued and, therefore, did not include 
MATS 

73 United States Court of Appeals for the District of Columbia Circuit, "EME Homer City Generation, L P,  v Environmental 
Protection Agency" (Washington, DC December 30, 2011), website 

74 U S Energy Information Administration, Electric Power Annual2010 (Washington, DC, November 2011), Table 3 10, "Number 
Generators with Environmental Equipment, 1991 through 2010," website 

75 U S Environmental Protection Agency, Office of Enforcement and Compliance Assurance, "The Environmental Protection 
Agency's Enforcement Response Policy for Use of Clean Air Act Section 113(a) Administrative Orders in Relation to Electric 

petroleum- and nonpetroleum-based refined products and blendstocks, and liquid and non-liquid end-use products 

" (Washington, DC. December 16, 2011), website 

76 See Appendix F for a map of the EMM regions 

77 The EPA is proposing that new fossil-fuel-fired power plants begin meeting an output-based standard of 1,000 pounds COz per 
megawatthour See U S Envir ard for New Power Plants" (Washington, 
DC May 23, 2012), website Existing coal plants without CCS will not 
be able to meet that standard, and the proposed rule does not apply to plants already under construction The EPA proposal 
is not included in AE02072 
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78 U S Energy Information Administration, Form EIA-860, "Annual Electric Generator Report" (Washington, DC November 30, 
20111, website 

79 U S Energy Information Administration, "Levelized Cost of New Generation Resources in the Annual Energy Outlook 2012" 
(Washington, DC March 2012), website 

80 U S Energy Information Administration, 

" (Washington, DC August 8, ZOOS), website 

ram Georgia Power Company" (Washington, DC 
June 4,20121, website 

Technologies, paras 638, 988, and 1306' (Washington, DC, August ZOOS), website 
83 U S Government Printing Office, "Energy Policy Act of 2005, Public Law 109-58, Title XVII-In 

ashington, DC May 22, 2012), website 

Applications" (Washington, DC May 22, 2012), website 

88 Electric Power Research Institute, "Long-Term Operations (QA)" (Palo Alto, CA June 4, 20121, website 

5 (Washington, DC April 8, 2009), website 

(subscription site) 

age, AL June 15,2011), at 

95.  U S Department of the Interior, U S Geological Survey, The Of/ and Gas Resource Potential of the Arch 

9 6  In 2004,  BP commissioned a study that examined the possibility of building a 20-inch pipeline to  Fairbanks and using 
the Alaska railroad to transport the oil to Valdez, at an estimated cost of about $3 billion. So 
bottom line," Petroleum News, Volume 17, Number 3 (Anchorage, AK January 15, 2012), website 
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97 The most common miscible gas EOR technique is to alternate the injection of gas and water, referred to as water-alternating- 
gas or WAG Source Oil and Gas Journal, Special Report, EOR/Heavy Oil Survey 2010 worldwide EOR survey, Volume 108, 
Issue 14, published April 19, 2010 

9 8  Capital expenditures can be split into two categories-maintenance and development-with development expenditures 
allocated to the development of new fields that have not yet reached peak production 

9 9  Source for 2011 CP capital expenditures-Petroleum News, "Eagle Ford Could Nudge Alaska for COP" (May 8,2011), source for 
2001 CP capital expenditures-Petroleum News, "Sunrise or Sunset for ConocoPhillips in Alaska?" (October 27,2002), source 
for 2001 and 2011 CP split in capital expenditures-Petroleum News, "Johansen Urgency Lacking on Throughput" (October 16, 
2011) 

100 These figures were derived from the CP ownership shares of the Colville River, Kuparuk River, and Prudhoe Bay field units and 
from the oil production reports of the Alaska Department of Natural Resources-Oil and Gas Division 

101 The volume of water produced relative to the volume of oil produced is referred to  as the "water cut " 

102 U S Geological Survey, Economics of Undiscovered Oil in Federal lands on the National Petroleum Reserve-Alaska, by Emil 
Attanasi, Open-File Report 0 3 - 4 4  (January 2003), Figures A-2 (Alpine Field) and A-3 (Kuparuk Field) 

103 In fact, these decisions would have to be made some t ime before the 350,000-barrel-per-day threshold is reached so they 
would be ready for implementation either prior to  reaching the threshold or when that threshold is reached 

104 The owners of TAPS and operators of the North Slope fields might not know either at this junction what these future costs 
might be for both operating TAPS and the North Slope fields as volumes decline, at best they have estimates that might or 
might not turn out to be true 

105 The assumption that all North Slope exploration activity would cease with the decommissioning of TAPS might not be entirely 
realistic because some offshore oil fields might be economic to  develop using floating production, storage, and offloading 
facilities (FPSO) This would be especially true in the Chukchi Sea, which has much less of an ice pack problem during the 
winter than the Beaufort Sea 

106 Maintenance capital expenditures could also decline if  the field operators determined that drilling more wells was unprofitable 

107 Petroleum News, "Who  Produces Crude Oil in Alaska?" Vol 16, No 43 (October 23, 2011) 

108 ExxonMobil, 2010 Financial & Operating Review, Table entitled "Oil and Gas Exploration and Production Earnings,'' p 7 0  

109 See also EIA, "U S Crude Oil, Natural Gas, and Natural Gas Liquids Reserves," November 30, 2010, website 

110 The further delineation of unproved resources into inferred reserves and undiscovered resources is not applicable to 
continuous resources since the extent of the formation is geologically known For continuous resources, the USGS 
undiscovered technically recoverable resources are comparable to the EIA unproved resources The USGS methodology for 
assessing continuous petroleum resources is at 

"Tight oil" refers to crude oil and condensates produced from low-permeability sandstone, carbonate, and shale formations 111 

112 See shale gas map at for basin locations 

113 , TX-LA-MS Salt and Western Gulf 

114 A well's estimated ultimate recovery (EUR) equals the cumulative production of that well over a 30-year productive life, 
using current technology without consideration of economic or operating conditions 

115 "Sweet spot" is an industry term for those select and limited areas within a shale or tight play where the well EURs are 
significantly greater than the rest of the play, sometimes as much as ten times greater than the lower production areas within 
a Play 

116 USGS Fact Sheet FS-009-03 

117 A well's EUR equals the cumulative production of that well over a 30-year productive life, using current technology without 
consideration of economic or operating conditions 

118 USGS Fact Sheet 2011-3092, 

119 USGS Open-File Report 2011-1298, 

120 Well-level production from Pennsylvania is provided in two time intervals (annual and semi-annual) To estimate production 
on a comparable basis, well-level production is converted to an average daily rate by dividing gas quantity by gas production 
days Because wells drilled before 2 0 0 8  are vertical wells and do not reflect the technology currently being deployed, only 
wells drilled after 2007 are considered in the EUR evaluation Well-level production for wells drilled in West Virginia is 
provided on a monthly basis 
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Projections by the U 5. Energy Information Administration (EIA) are not statements of what will happen but of what 
might happen, given the assumptions and methodologies used for any particular case. The Reference case projection IS 

a business-as-usual estimate, given known technology, as well as market, demographic, and technological trends. Most 
cases in the Annual Energy Outlook 2Ql2 (AEO2QI2) generally assume that current laws and regulations are maintained 
throughout the projections. Such projections provide a baseline starting point that can be used to analyze policy initiatives 
EIA explores the impacts of alternative assumptions in other cases with different macroeconomic growth rates, world oil 
prices, rates of technology progress, and policy changes 

While energy markets are complex, energy models are simplified representations of energy production and consumption, 
regulations, and producer and consumer behavior Projections are highly dependent on the data, methodologies, model 
structures, and assumptions used in their development Behavioral characterjstics are indicative of real-world tendencies 
rather than representations of specific outcomes. 

Energy market projections are subject to much uncertainty Many of the events that shape energy markets are random and 
cannot be anticipated In addition, future developments in technologies, demographics, and resources cannot be foreseen 
with certainty Many key uncertainties in the AEO2Ol2 projections are addressed through alternative cases 

EIA has endeavored to make these projections as objective, reliable, and useful as possible, however, they should serve as 
an adjunct to, not as a substitute for, a complete and focused analysis of public policy initiatives 
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Recovery in real gross domestic product 
growth continues at a modest rate 

Low Economic Growth 
1 Reference 

Slow consumption growth, fast investment 
growth, and an ever-improving trade surplus 
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AE02072 presents three views of U S economic growth (Figure 
58) In 2011, the world economy experienced shocks that 
included turmoil in the Middle East and North Africa, a Greek 
debt crisis with financial impacts spreading to other Eurozone 
countries, and an earthquake in Japan, all leading to slower 
economic growth U S growth projections in part reflect those 
world events 

US. recovery from the 2007-2008 recession has been slower 
than past recoveries (Figure 59). A feature of economic recover- 
ies since 1975 has been slowing employment gains, and, follow- 
ing the most recent recession, growth in nonfarm employment 
has been slower than in any other post-1960 recovery [I211 The 
average rates of growth are strong starting from the trough of 
the recessions 

onfarm employment 
Unemployment rate 

Proje 

-1 a -5 0 5 10 

., 
Actual, Low Reference High 

Economic Economic 
Growth Growth 

1985-201 0 

AE02072 presents three economic growth cases Reference, 
High, and Low The High Economic Growth case assumes 
high growth and low inflation, the Low Economic Growth case 
assumes low growth and high inflation Figure 6 0  compares the 
average annual growth rates for output and its major compo- 
nents in each of the three cases 

The short-term outlook (5 years) in each case represents cur- 
rent thinking about economic activity in the United States and 
the rest of the world; about the impacts of domestic fiscal and 
monetary policies; and about potential risks to economic activ- 
ity. The long-term outlook projects smooth economic growth, 
assuming no shocks to the economy. 

Differences among the Reference case and the High and Low 
Economic Growth cases reflect different expectations for 
growth in population (specifically, net immigration), labor 
force, capital stock, and productivity, which are above trend in 
the High Economic Growth case and below trend in the Low 
Economic Growth case. The average annual growth rate for real 
gross domestic product (GDP) from 2010 to 2035 in the Refer- 
ence case is 2.5 percent, as compared with about 3 .0  percent 
in the High Economic Growth case and about 2.0 percent in the 
Low Economic Growth case 

Compared with the 1985-2010 period, investment growth from 
2010 to 2035 is faster in all three cases, whereas consumption, 
government expenditures, and imports grow more slowly in a l l  
three cases. Opportunities for trade are assumed to expand 
in each of the three cases, resulting in real trade surpluses by 
2018 that continue through 2035. 
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Output growth for energy-intensive 
industries remains slow 
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Industrial sector output has grown more slowly than the over- 
a l l  economy in recent decades, with imports meeting a grow- 
ing share of demand for industrial goods, whereas the service 
sector has grown more rapidly [I221 In the AE02012 Reference 
case, real GDP grows at an average annual rate of 2 5 percent 
from 2010 to 2035, while both the industrial sector as a whole 
and its manufacturing component grow by 1.6 percent per year 
(Figure 61) As the economy recovers from the 2008-2009 
recession, growth in U S manufacturing output in the Reference 
case accelerates from 2010 through 2020  After 2020, growth 
in manufacturing output slows due to increased foreign com- 
petition, slower expansion of domestic production capacity, 
and higher energy prices These factors weigh heavily on the 
energy-intensive manufacturing sectors, which taken together 
grow at a slower rate of about 10 percent per year from 2010 
to 2035, with variation by industry ranging from 0 8-percent 
annual growth for bulk chemicals to 1 5-percent annual growth 
for food processing 

A decline in U.S dollar exchange rates, combined with modest 
growth in unit labor costs, stimulates U.S exports, eventually 
improving the U S current account balance From 2010 to 2035, 
real exports of goods and services grow by an average of 5 9 
percent per year, and real imports of goods and services grow by 
an average of 4 1 percent per year Strong growth in exports is an 
important component of projected growth in the transportation 
equipment, electronics, and machinery industries 

Energy expenditures decline relative to 
gross domestic product and gross output 
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Total U 5 energy expenditures decline relative to GDP in the 
AEO2Ol2 Reference case (Figure 62) [I231 The projected share 
of energy expenditures falls from 2011 through 2035, averaging 
7 5 percent from 2010 to 2035, which is below the historical 
average of 8 8 percent from 1970 to 2010 

Gross output corresponds roughly to sales in the U 5 economy 
Figure 63 provides an approximation of total energy expen- 
ditures relative to total sales Energy expenditures as a share 
of gross output show roughly the same pattern as do energy 
expenditures as a share of GDP The projected average shares 
of gross output relative to expenditures for total energy, petro- 
leum, and natural gas are close to their historical averages, at 
4 1 percent, 2 1 percent, and 0 5 percent, respectively 
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Oil price cases depict uncertainty 
in world oil markets 
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011 prices in AEOZOV, defined in terms of the average price of 
low-sulfur, light crude oil (West Texas Intermediate [WTI I )  
delivered to Cushing, Oklahoma, span a broad range that 
reflects the inherent volatility and uncertainty of oil prices (Fig- 
ure 64) The AE02012 price paths are not intended to reflect 
absolute bounds for future oil prices but rather to provide a 
basis for analysis of the implications of world oil market condi- 
tions that differ from those assumed in the AE02012 Reference 
case The Reference case assumes that the current price dis- 
count for W T I  relative to similar "marker" crude oils (such as 
Brent and Louisiana Light Sweet) will fade when adequate pipe- 
line capacity is built between Cushing and the Gulf of Mexico 

In the Low Oil  Price case, GDP growth in countries outside 
the Organization of the Petroleum Exporting Countries (non- 
OPEC) is slower than in the Reference case, resulting in lower 
demand for petroleum and other liquids, and producing coun- 
tries develop stable fiscal policies and investment regimes that 
encourage resource development OPEC nations increase pro- 
duction, achieving approximately a 46-percent market share of 
total petroleum and other liquids production in 2035 

The High Oil Price case depicts a world oil market in which 
total GDP growth in countries outside the Organization for 
Economic Cooperation and Development (non-OECD) is faster 
than in the Reference case, driving up demand for petroleum 
and other liquids Production of crude oil and natural gas liquids 
(NGL) is restricted by political decisions and limits on access to 
resources (such as the use of quotas and fiscal regimes) com- 
pared with the Reference case Petroleum and other liquids pro- 
duction in the major producing countries is reduced (for exam- 
ple, the OPEC share averages 40 percent), and the consuming 
countries turn to more expensive production from other liquids 
sources to meet demand 

I 
I 
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Trends in petroleum and other liquids markets 
are defined largely by the developing nations 

120 r Demand 

201 0 2035 
Low Oil Reference High 
Price Oil Price 

Total use of petroleum and other liquids in the AEOZOI2 
Reference, High Oil Price, and Low Oil Price cases in 2035 
ranges from 107 to 113 million barrels per day (Figure 65) 
The alternative oil price cases reflect shifts in both supply and 
demand, with the result that total consumption and production 
levels do not vary widely. Although demand in the OECD coun- 
tries is influenced primarily by price, demand in non-OECD 
regions-where future economic uncertainty is greatest- 
drives the price projections. That is, non-OECD petroleum and 
other liquids consumption is lower in the Low Oil Price case and 
higher in the High Oil Price case than i t  is in the Reference case. 

OECD petroleum and other liquids use grows in the Reference 
case to 48 million barrels per day in 2035, while non-QECD use 
grows to 61 million barrels per day. In the Low Oil Price case, 
OECD petroleum and other liquids use in 2035 is higher than in 
the Reference case, at 53 million barrels per day, but demand in 
the slow-growing non-OECD economies in the Low Price case 
rises to only 54 million barrels per day In the High Oil Price 
case the opposite occurs, with OECD consumption falling to 
46 million barrels per day in 2035 and fast-growing non-OECD 
use-driven by higher GDP growth-increasing to 67 million 
barrels per day in 2035. 

The supply response also varies across the price cases. In the 
Low Oil Price case, OPEC's ability to constrain market share is  
weakened, and low prices have a negative impact on non-OPEC 
crude oil supplies relative to  the Reference case Because non- 
crude oil technologies achieve much lower costs in the Low 
Price case, supplies of other liquids are more plentiful than in 
the Reference case. In the High Oil Price case, OPEC restricts 
production, non-OPEC resources become more economic, and 
high prices make other liquids more attractive. 
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Production from resources other than crude oil 
and natural gas liquids increases 

U.S. reliance on imported natural gas from 
Canada declines as exports grow 
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In 2010, world production of liquid fuels from resources other 
than crude oil and NGL totaled 4.6 million barrels per day, or 
about 5 percent of all petroleum and other liquids production. 
Production from those other sources grows to 13.0 million bar- 
rels per day (about 12 percent of total global production of 
petroleum and other liquids) in 2035 in the AEO20l2 Reference 
case, 16.2 million barrels per day (15 percent of the total) in the 
Low Oil Price case, and 17 1 million barrels per day (15 percent 
of the total) in the High Oil Price case (Figure 66). The higher 
levels of production from other resources result from declining 
technology costs in the Low Oil Price case and from higher oil 
prices in the High Oil Price case. 

Assumptions about the development of other liquids resources 
differ across the three cases. In the Reference case, increasingly 
expensive projects become more economically competitive as 
a result of rising oil prices and advances in production technol- 
ogy. Bitumen in Canada and biofuels in the United States and 
Brazil are the most important components of production from 
soijrces other than crude oil and NGL. Excluding crude oil and 
NGL, U.S. and Brazilian biofuels and Canadian bitumen account 
for more than 7 0  percent of the total world increase in petro- 
leum and other liquids production from 2010 to 2035 in the 
Reference case. 

In the High Oil Price case, rising prices support increased devel- 
opment of nonpetroleum liquids, bitumen, and extra-heavy oil. 
A smaller increase is projected in the Low Oil Price case, which 
assumes significant declines in technology costs, particularly 
for extra-heavy oil production. Bitumen and biofuels continue 
to be the most important contributors to this supply category 
through 2035. 

The energy markets of the three North American nations 
(United States, Canada, and Mexico) are well integrated, 
with extensive infrastructure that allows cross-border trade 
between the United States and both Canada and Mexico. The 
United States, which is by far the region’s largest energy con- 
sumer, currently relies on Canada and Mexico for supplies of 
petroleum and other liquid fuels Canada and Mexico were the 
largest suppliers of U S. petroleum and other liquids imports in 
2010, providing 2 5 and 1.3 million barrels per day, respectively 
In addition, Canada supplies the United States with substan- 
tial natural gas supplies, exporting 3 3 trillion cubic feet to U S 
markets in 2010 (Figure 67) 

In the AEO2072 Reference case, energy trade between the 
United States and the two other North American countries 
continues. In 2035, the United States still imports 3.4 million 
barrels per day of petroleum and other liquid fuels from Canada 
in the Reference case, but imports from Mexico fall to 0.8 mil- 
lion barrels per day. W i th  prospects for domestic U.S. natural 
gas production continuing to improve, the need for imported 
natural gas declines. U S. imports of natural gas from Canada 
fall to 2.4 trillion cubic feet in 2025 in the Reference case and 
remain relatively flat through the end of the projection On the 
other hand, U S natural gas exports to both Canada and Mex- 
ico increase. Canada‘s imports of U.S. natural gas grow from 
0 7 trillion cubic feet in 2010 to 1 5 trillion cubic feet in 2035, 
and Mexico’s imports grow from 0 3 trillion cubic feet in 2010 
to 1.7 trillion cubic feet in 2035 in the AE02072 Reference case 
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China and India account for half the growth 
in world energy use 
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World energy consumption increases by 47 percent from 2010 
through 2035 in the AE02012 Reference case (Figure 68). Most 
of the growth is projected for emerging economies outside 
the OECD, where robust economic growth is accompanied 
by increased demand for energy. Total non-OECD energy use 
grows by 72 percent, compared with an 18-percent increase in 
OECD energy use. 

Energy consumption in non-OECD Asia, led by China and India, 
shows the most robust growth among the non-OECD regions, 
rising by 91 percent from 2010 to 2035. However, strong growth 
also occurs in much of the rest of the non-OECD regions: 69 
percent in Central and South America, 65 percent in Africa, 
and 62 percent in the Middle East. The slowest growth among 
the non-OECD regions is  projected for non-OECD Europe and 
Eurasia (including Russia), where substantial gains in energy 
efficiency are achieved through replacement of inefficient 
Soviet-era capital equipment. 

Worldwide, the use of energy from all sources increases in 
the projection. Given expectations that oil prices will remain 
relatively high, petroleum and other liquids are the world's 
slowest-growing energy sources. High energy prices and 
concerns about the environmental consequences of greenhouse 
gas (GHG) emissions lead a number of national governments t o  
provide incentives in support of the development of alternative 
energy sources, making renewables the world's fastest-growing 
source of energy in the outlook. 
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After Fultushima, prospects for nuclear power 
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The earthquake and tsunami that hit northeastern Japan in 
March 201'1 caused extensive loss of life and infrastructure 
damage, including severe damage to several reactors at the 
Fukushima Daiichi nuclear power plant In the aftermath, gov- 
ernments in several countries that previously had planned to 
ex pan d nu c I ea r capacity - i n c I u d i ng Japan, Germ any, S w i t - 
zerland, and Italy-reversed course. Even China announced a 
temporary suspension of its approval process for new reactors 
pending a thorough safety review. 

Before the Fukushima event, EIA had projected that all regions 
of the world with existing nuclear programs would expand 
their nuclear power capacity Now, however, Japan's nuclear 
capacity is expected to contract by about 3 gigawatts from 
2010 to 2035 (Figure 69) In OECD Europe, Germany's outlook 
has been revised to reflect a phaseout of all nuclear power by 
2025 As a result, the projected net increase in OECD Europe's 
nuclear capacity in the AE02072 Reference case is only 3 giga- 
watts from 2010 to 2035. 

Significant expansion of nuclear power is projected to continue 
in the non-OECD region as a whole, with total nuclear capac- 
ity more than quadrupling From 2010 to 2035, nuclear power 
capacity increases by a net 109 gigawatts in China, 41 giga- 
watts in India, and 28 gigawatts in Russia, as strong growth 
in demand for electric power and concerns about security of 
energy supplies and the environmental impacts of fossil fuel 
use encourage further development of nuclear power in non- 
OECD countries. 
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n the United States, average energy use 
per person declines from 2010 to 2035 

Wind power leads rise in world renewable 
generation, solar power also grows rapidly 
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Renewable energy IS the world's fastest-growing source of mar- 
keted energy in the AE02072 Reference case, increasing by an 
average of 3 0 percent per year from 2010 to  2035, compared 
to an average of 1 6 percent per year for total world energy con- 
sumption In many parts of the world, concerns about the secu- 
rity of energy supplies and the environmental consequences of 
GHG emissions have spurred government policies that support 
rapid growth in renewable energy installations 

Hydropower is well-established worldwide, accounting for 
83 percent of total renewable electricity generation in 2010 
Growth in hydroelectric generation accounts for about one-half 
of the world increase in renewable generation in the Reference 
case In Brazil and the developing nations of Asia, significant 
builds of mid- and large-scale hydropower plants are expected, 
and the two regions together account for two-thirds of the total 
world increase in hydroelectric generation from 2010 to 2035 

Solar power is the fastest-growing source of renewable energy 
in the outlook, with annual growth averaging11 7 percent How- 
ever, because it currently accounts for only 0 4 percent of total 
renewable generation, solar remains a minor part of the renew- 
able mix even in 2035, when its share reaches 3 percent Wind 
generation accounts for the largest increment in nonhydro- 
power renewable generation-60 percent of the total increase, 
as compared with solar's 12 percent (Figure 70) The rate of 
wind generation slows markedly after 2020  because most gov- 
ernment wind goals are achieved and wind must then compete 
on the basis of economics with fossil fuels Wind-powered gen- 
erating capacity has grown swiftly over the past decade, from 
18 gigawatts of installed capacity in 2 0 0 0  to an estimated 179 
gigawatts in 2010. 
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Growth in energy use is linked to population growth through 
increases in housing, commercial floorspace, transportation, 
and goods and services These changes affect not only the level 
of energy use but also the mix of fuels consumed 

Changes in the structure of the economy and in the efficiency 
of the equipment deployed throughout the economy also have 
an impact on energy use per capita. The shift in the industrial 
sector away from energy-intensive manufacturing toward ser- 
vices is one reason for the projected decline in industrial energy 
intensity (energy use per dollar of GDP), but its impact on 
energy consumption per capita is less direct (Figure 71). From 
1990 to 2007, the service sectors increased from a 69-per- 
cent share of total industrial output to  a 75-percent share, but 
energy use per capita remained fairly constant, between 330  
and 3 5 0  million British thermal units (Btu) per person, while 
energy use per dollar of GDP dropped from about 10,500 to  
7,700 Btu. Increases in the efficiency of freight vehicles and the 
shift toward output from the service sectors are projected to 
continue through 2035, lowering energy use in relation to GDP. 
Energy use per dollar of GDP is projected to be about 4,400 Btu 
in 2035, or about one-third of the 1980 level. 

Efficiency gains in household appliances and personal vehicles 
have a direct, downward impact on energy use per capita, as 
do efficiency gains in the electric power sector, as older, inef- 
ficient coal and other fossil steam electricity generating plants 
are retired in anticipation of lower electricity demand growth, 
changes in fuel prices, and new environmental regulations As 
a result, U 5. energy use per capita declines to 274 million Btu 
in 2035 
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Industrial and commercial sectors lead 
U.S. growth in primary energy use 

Renewable energy sources lead rise 
in primary energy consumption 
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Total primary energy consumption, including fuels used for 
electricity generation, grows by 0 3 percent per year from 
2010 to  2035, to 106 9 quadrillion Btu in 2035 in the AE02012 
Reference case (Figure 72) The largest growth, 3 3 quadril- 
lion Btu from 2010 to 2035, i s  in the commercial sector, which 
currently accounts for the smallest share of end-use energy 
demand Even as standards for building shells and energy effi- 
ciency are being tightened in the commercial sector, the growth 
rate for commercial energy use, at 0 7 percent per year, is the 
highest among the end-use sectors, propelled by 10 percent 
average annual growth in commercial floorspace 

The industrial sector, which was more severely affected than 
the other end-use sectors by the 2008-2009 economic down- 
turn, shows the second-largest increase in total primary energy 
use, at 3 1 quadrillion Btu from 2010 to 2035 The total increase 
in industrial energy consumption is 2 1 quadrillion Btu from 
2008 to 2035, attributable to increased production of bio- 
fuels to meet the Energy Independence and Security Act of 
2007 (EISA2007) renewable fuels standard (RFS) as well as 
increased use of natural gas in some industries, such as food 
and paper, to generate their own electricity 

Primary energy use in both the residential and transportation 
sectors grows by 0 2 percent per year, or by just over 1 qua- 
drillion Btu each from 2010 to  2035 In the residential sector, 
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Wi th  the exception of petroleum and other liquids, which falls 
through 2032 before increasing slightly in the last 3 years of the 
projection, consumption of all fuels increases in the AE02072 
Reference case. In addition, coal consumption increases at a 
relatively weak average rate of less than 0.1 percent per year 
from 2010 to 2035, remaining below 2010 levels until after 
2031. As a result, the aggregate fossil fuel share of total energy 
use falls from 83 percent in 2010 to 77 percent in 2035, while 
renewable fuel use grows rapidly (Figure 73) The renewable 
share of total energy use (including biofuels) increases from 8 
percent in 2010 to 14 percent in 2035 in response to the Federal 
RFS, availability of Federal tax credits for renewable electricity 
generation and capacity, and State renewable portfolio stan- 
dard (RPS) programs. 

The petroleum and other liquids share of fuel use declines as 
consumption of other liquids increases Almost all consumption 
of liquid biofuels is in the transportation sector. Biofuels, includ- 
ing biodiesel blended into diesel, E85, and ethanol blended into 
motor gasoline (up to 15 percent), account for 10 percent of all 
petroleum and other liquids consumption in 2035 

Natural gas consumption grows by about 0.4 percent per year 
from 2010 to 2035, led by the use of natural gas in electricity 
generation. Growing production from tight shale keeps natural 
gas prices below their 2005-2008 levels through 2035. 
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Electricity use increases with number of 
households despite efficiency improvement 
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Despite a decrease in electricity consumption per household, 
total delivered electricity use in the residential sector grows 
at an average rate of 0 7  percent per year in the AE02012 
Reference case, while natural gas use and petroleum and other 
liquids use fall by 0 2 percent and 1 3 percent per year, respec- 
tively, from 2010 to 2035 The increase in efficiency, driven by 
new standards and improved technology, is not high enough to 
offset the growth in the number of households and electricity 
consumption in "other" uses 

Portions of the Federal lighting standards outlined in ElSA2007 
went into effect on January 1, 2012 Over the next two years, 
general-service lamps that provide 310 to  2,600 lumens of light 
are required to consume about 3 0  percent less energy than 
typical incandescent bulbs High-performance incandescent, 
compact fluorescent, and light-emitting diode (LED) lamps 
continue to replace low-efficacy incandescent lamps In 2035, 
delivered energy for lighting per household in the Reference 
case is 827 kilowatthours per household lower, or 47 percent 
below the 2010 level (Figure 75) 

Electricity consumption for three groups of electricity end 
uses increases on a per-household basis in the Reference 
case Electricity use for televisions and set-top boxes grows by 
an average of 1 1  percent per year, accounting for 7 3  percent 
of total delivered electricity consumption in 2035 Personal 
computers (PCs) and related equipment account for 4 6 per- 
cent of residential electricity consumption in 2035, averaging 
1 8-percent annual growth from their 2010 level Electricity use 
by other household electrical devices, for which market pen- 
etration increases with little coverage by efficiency standards, 
increases by 1 8 percent annually and accounts for nearly one- 
fourth of total residential electricity consumption in 2035 

Residential energy use per household declines 
for a range of technology assumptions 
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In the AE02072 Reference case, residential sector energy inten- 
sity, defined as average energy use per household per year, 
declines by 19.8 percent, to 81 9 million Btu  per year in 2035 
(Figure 74). Total delivered energy use in the residential sector 
remains relatively constant from 2010 to 2035, but a 27.5-per- 
cent growth in the number of households reduces the average 
energy intensity of each household. Most residential end-use 
services become less energy-intensive, with space heating 
accounting for more than one-half of the decrease. Population 
shifts to warmer and drier climates also contribute to a reduc- 
tion in demand for space heating. 

Three alternative cases show how different technology assump- 
tions affect residential energy intensity. The 2011 Demand 
Technology case assumes no improvement in efficiency for 
end-use equipment or building shells beyond those available 
in 2011. The High Demand Technology case assumes higher 
efficiency, earlier availability, lower cost, and more frequent 
energy-efficient purchases for some advanced equipment The 
Best Available Demand Technology case limits customers who 
purchase new and replacement equipment to the most efficient 
model available in the year of purchase-regardless of cost- 
and assumes that new homes are constructed to the most 
energy-efficient specifications. 

From 2010 to 2035, household energy intensity declines by 
277  percent in the High Demand Technology case and by 37.9 
percent in the Best Available Demand Technology case. In the 
201 1 Demand Technology case, household energy intensity 
also falls as older appliances are replaced with 2011 vintage 
equipment. Without further gains in efficiency for residential 
equipment and building shells, the total decline from 2010 to 
2035 is only 13 2 percent. 
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The AE02012 Reference case and three alternative cases dem- 
onstrate opportunities for improved energy efficiency to reduce 
energy consumption in the residential sector The Reference, 
High Demand Technology, and Best Available Demand 
Technology cases include different levels of efficiency improve- 
ment without anticipating the enactment of new appliance 
standards The Extended Policies case assumes the enactment 
of new rounds of standards, generally based on improvements 
seen in current ENERGY STAR equipment 

Despite continued growth in the number of households and 
number of appliances, energy consumption for some end uses 
is  lower in 2035 than in 2010, implying that improved energy 
efficiency offsets the growth in service demand In the case of 
natural gas space heating, population shifts towards warmer 
and drier climates also reduce consumption, the opposite is 
true for electric space cooling 

In the Extended Policies case, the enactment of new standards 
is based on the U.S Department of Energy's multi-year sched- 
ule For lighting, which already has an EISA2007-based stan- 
dard that is scheduled to go into effect in 2020, future standards 
are not assumed until 2026 Among electric end uses, lighting 
has the largest percentage decline in energy use (more than 5 0  
percent) in the Best Available Demand Technology case from 
2010 to 2035 (Figure 76) 

Televisions and set-top boxes, which are not currently covered by 
Federal standards, are assumed to have new standards in 2016 
and 2018, respectively, in the Extended Policies case The enact- 
ment of these new standards holds energy use for televisions 
and set-top boxes at or near their 2010 levels through 2035 

Tax credits could spur growth in renewable 
energy equipment in the residential sector 
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Consistent with current law, existing investment tax credits 
(ITCs) expire at the end of 2016 in the AEO2Ol2 Reference case 
The current credits can offset 3 0  percent of installed costs for 
a variety of distributed generation (DG) technologies, foster- 
ing their adoption Installations slow dramatically after the ITCs 
expire, and in several cases their overall market penetration 
falls because growth in households exceeds the rise in new 
renewable installations (Figure 77) In the AEO20V Extended 
Policies case, the ITCs are extended through 2035, and pen- 
etration rates for all renewable technologies continue to rise. 

In the Reference case, photovoltaic (PV) and wind capacities 
grow by average rates of 10.8 percent and 9.2 percent per year, 
respectively, from 2010 to 2035 In the Extended Policies case, 
residential PV capacity increases to 54.6 gigawatts in 2035, 
with annual growth averaging 18.1 percent, and wind capacity 
grows to 11.0 gigawatts in 2035, averaging 15 9 percent per year 

The ITCs also affect the penetration of renewable space- 
conditioning and water-heating equipment Ground-source 
heat pumps reach a 2 6-percent market share in 2035 in the 
Extended Policies case, after adding nearly 3.5 million units. 
In the Reference case, without the ITC extension, their market 
penetration is only 1.5 percent in 2035, with 1.6 million fewer 
installations than in the Extended Policies case 

Market penetration of solar water heaters in the Extended 
Policies case is 2 5 percent in 2035, more than triple the 
Reference case share In the Reference case, installations 
increase by 2.5 percent annually from 2010 to 2035, compared 
with 7 5 percent annually in the Extended Policies case. 
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in the AEO2012 Reference case, average delivered energy use 
per square foot of commercial floorspace declines by 7.0 per- 
cent from 2010 to 2035 (Figure 78). Growth in commercial 
floorspace (26.9 percent) leads to an increase in delivered 
energy use (18.1 percent), but efficiency improvements in equip- 
ment and building shells reduce energy intensity in commercial 
buildings. Space heating, space cooling, and lighting contribute 
most to the decrease in intensity, with space heating accounting 
for significantly more than cooling and lighting combined. 

Three alternative cases show the potential impact of energy- 
efficient technologies on energy intensity in commercial build- 
ings. The 2011 Demand Technology case limits equipment and 
building shell technologies in later years to the options available 
in 2011. The High Demand Technology case assumes higher 
efficiencies for equipment and building shells, lower costs, ear- 
lier availability of some advanced equipment, and decisions by 
commercial customers that place greater importance on future 
energy savings. The Best Available Technology case assumes 
more efficient buildings shells for new and existing buildings 
than in the High Demand Technology case and also requires 
commercial customers to choose among the most efficient 
models for each technology when replacing old or purchasing 
new equipment. 

From 2010 t o  2035, the intensity of commercial energy use in 
the 2011 Technology Demand case declines by 5.0 percent, to 
101.9 thousand Btu per square foot of commercial floorspace 
in 2035. In comparison, intensity decreases faster in the High 
Demand Technology case (16 0 percent) and fastest in the Best 
Available Demand Technology case (20  0 percent) 
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Electricity, which accounted for 52 percent of total commercial 
delivered energy use in 2010, increases to 56 percent in 2035 in 
the AEO2072 Reference case, as commercial floorspace grows 
at an average annual rate of 1 percent and new electric end 
uses become more prevalent. Despite such growth, improved 
efficiency of commercial equipment slows the growth of pur- 
chased electricity over the projection period 

Commercial energy intensity in this figure, defined as the 
ratio of energy consumption in these appliances to floorspace, 
decreases for most electric end uses from 2010 to 2035 in the 
Reference case (Figure 79). Electricity intensity decreases by 
1.3 percent annually for both cooking and refrigeration, by 0 5 
percent annually for lighting, and by 0 7 percent annually for 
space conditioning (heating, cooling, and ventilation) 

End uses such as space heating and cooling, water heating, 
refrigeration, and lighting are covered by Federal efficiency 
standards that act to limit growth in energy consumption to 
less than the growth in commercial floorspace "Other" electric 
end uses, some of which are not subject to standards, account 
for much of the growth in commercial electricity consumption 
in the Reference case. Electricity consumption for "other" elec- 
trical end uses-including video displays and medical devices- 
increases by an average of 2.2 percent per year and in 2035 
accounts for 3 8  percent of total commercial electricity con- 
sumption Energy consumption for "other" office equipment- 
including servers and mainframe computers-increases by 2 3 
percent per year from 2010 to  2035, as demand for high-speed 
networks and internet connectivity continues to grow. 
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Delivered energy consumption for space heating, ventilation, air 
conditioning, water heating, lighting, cooking, and refrigeration 
uses in the commercial sector grows by an average of 0.2 
percent per year from 2010 to 2035 in the AE02012 Reference 
case, compared with 1.0-percent annual growth in commercial 
floorspace The core end uses, which frequently have been the 
focus of energy efficiency standards, accounted for just over 
60 percent of commercial delivered energy demand in 2010. In 
2035, their share falls to 53 percent. Energy consumption for 
a l l  the remaining end uses grows by 1 3 percent per year, led 
by office equipment other than computers and other electric 
end uses 

The percentage gains in efficiency in the Reference case are 
highest for refrigeration, as a result of provisions in the Energy 
Policy Act of 2 0 0 5  and ElSA2007. Electric space cooling shows 
the next-largest percentage improvement, followed by lighting 
and electric space heating (Figure 80) 

The Best Available Demand Technology case demonstrates 
significant potential for further improvement-especially 
in electric equipment, led by lighting, water heating, and 
ventilation. In the Best Available Demand Technology case, 
the share of total commercial delivered energy use in the core 
end uses falls to 49 percent in 2035, with significant efficiency 
gains coming from high-efficiency variable air volume 
ventilation systems, LED lighting, ground-source heat pumps, 
h ig h -e f f i c i e n c. y roof t o p heat p u m ps, cent r if ug a I chi I I e r s, 
and solar water heaters. Those technologies are relatively 
costly, however, and thus unlikely to gain wide adoption 
in commercial applications without improved economics. 
Additional efficiency improvements could also come from an 
expansion of standards to include some of the rapidly growing 
miscellaneous electric applications 
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ITCs have a major impact on the growth of renewable DG in 
the commercial sector Although most ITCs are set to expire 
at the end of 2016, the tax credit for solar PV installations 
reverts from 3 0  percent to 10 percent and continues indefi- 
nitely. Commercial PV capacity increases by 2.7 percent annu- 
ally from 2010 through 2035 in the AE02012 Reference Case 
Extending the ITCs to all DG technologies through 2035 in the 
AE02012 Extended Policies case causes PV capacity to increase 
at an average annual rate of 5.7 percent (Figure 81). 

Growth in small-scale wind capacity more than doubles in the 
Extended Policies case relative t o  the Reference case, increasing 
at an average annual rate of 11 4 percent from 2010 to 2035 
Wind accounts for 9 2 percent of the 11 1 gigawatts of total com- 
mercial DG capacity in 2035 in the Extended Policies case, and 
PV accounts for 40.6 percent In the Extended Policies case, 
renewable energy accounts for 53 percent of all commercial DG 
capacity, compared with about 37 percent in the Reference case. 

Although ITCs affect the rate of adoption of renewable DG by 
offsetting a portion of capital costs, their potential effects on 
nonrenewable DG technologies are offset by rising natural gas 
prices In the Reference case, microturbine capacity using natu- 
ral gas grows by an average of 18.1 percent per year from 42 
megawatts in 2010 to 2.6 gigawatts in 2035, and the growth 
rate in the Extended Policies case is only slightly higher, at 18.4 
percent In the Extended Policies case, the microturbine share 
of total DG capacity in 2035 is 25.6 percent, as compared with 
33 4 percent in the Reference case 
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Despite a 49-percent increase in industrial shipments, industrial 
delivered energy consumption increases by only 15 percent from 
2010 to 2035 in the AEOZOl2 Reference case, reflecting a shift 
in the share of shipments from energy-intensive manufacturing 
industries (which include bulk chemicals, petroleum refiner- 
ies, paper products, iron and steel, food products, aluminum, 
cement, and glass) to other, less energy-intensive industries, 
such as plastics, computers, and transportation equipment. 
Although energy use for most of the energy-intensive industries 
continues to grow after 2012, with the stronger growth in refin- 
ing, declines in the energy intensity of heat and power produc- 
tion offset some the growth in their energy use. 

The share of industrial delivered energy consumption used for 
heat and power in manufacturing increases from 6 4  percent in 
2010 to 71 percent in 2035 (Figure 82) The increase in heat and 
power energy consumption in manufacturing in the Reference 
case is primarily a result of a large increase (2 quadrillion Btu) 
in total energy use in the petroleum refining industry, includ- 
ing production increases for CTL, coal- and biomass-to-liquids 
(CBTL), and biomass pyrolysis oil production 

Heat and power consumption in the nonmanufacturing indus- 
tries (agriculture, mining, and construction) is flat in the 
Reference case projection, accounting for about 16 percent 
of total industrial energy consumption over the 2010-2035 
period. The remaining consumption consists of nonfuel uses of 
energy-primarily, feedstocks for chemical manufacturing and 
asphalt for construction The share of total industrial energy 
consumption represented by nonfuel use increases by 16  per- 
cent from 2010 to 2020  as a result of increased shipments of 
organic chemicals, then declines as competition from foreign 
producers slows the growth of domestic production. 
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Led by increasing use of natural gas, total delivered industrial 
energy consumption grows at an annual rate of 0 6 percent 
from 2010 through 2035 in the Reference case The mix of fuels 
changes slowly, reflecting limited capability for fuel switching 
with the current capital stock (Figure 83). 

Industrial natural gas use grows by 8 percent from 2010 to  
2035, reflecting relatively low natural gas prices. As a result, 
33 percent of delivered industrial energy consumption is  met 
with natural gas in 2035. The second-largest share is met by 
petroleum and other liquids (30  percent) and the remainder by 
renewables, electricity, and coal (37 percent) NGL, an increas- 
ingly valuable liquid component of natural gas processing,. are 
consumed as a feedstock in the bulk chemicals industry and 
also are used for heat in other sectors. Industrial use of all 
petroleum and other liquids increases slightly from 2010 to  
2035, and in 2035 the chemical industries use nearly one-half 
of the total as feedstock. 

Coal use in the industrial sector for boilers and for smelting in 
steelmaking declines as more boilers are fired with natural gas 
and less metallurgical coal is used for steelmaking After 2016, 
increased use of coal for CTL and CBTL production fully offsets 
the decline in the steel industry and boiler fuel use 

A decline in the electricity share of industrial energy consump- 
tion reflects modest growth in combined heat and power 
(CHP), which offsets purchased electricity requirements, as 
well as efficiency improvements across industries, primarily as 
a result of rising standards for motor efficiency Wi th  growth 
in lumber, paper, and other industries that consume biomass- 
based byproducts, the renewable share of industrial energy use 
expands. 
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Total shipments from the energy-intensive industries grow 
by an average of 1 percent per year from 2010 to 2035 in the 
Reference case, as compared with 0.6 percent in the Low 
Economic Growth case and 1.2 percent in the High Economic 
Growth case. The post-recession recovery in shipments is 
uneven among the industrial subsectors. Paper, bulk chemicals, 
aluminum, and cement all show strong short-term recoveries 
from 2010 levels, while shipments from the liquids refinery 
industry lag. The iron and steel and glass industries show flat to 
moderate growth in the near term. 

Among the energy-intensive indiJstries, the value of shipments 
in the bulk chemicals, paper, and aluminum take less than 
10 years to return to their 2006-2007 pre-recession levels 
Others, including cement, iron and steel, and glass, take longer 
Shipments from the liquids refinery industry do not reach pre- 
recession levels by 2035, because demand for transportation 
fuels is moderated by increasing vehicle efficiencies. Food ship- 
ments, which grow in proportion to population and are resis- 
tant to recessions, have not shown the same recession-related 
decline as the other industries. Shipments of bulk chemicals, 
especially organic chemicals, grow sharply from 2012 to 2025 
with the increased use of NGL as feedstock. After 2025, ship- 
ments from the bulk chemical industry level off as a result of 
foreign competition. 

The energy-intensive iron and steel and cement industries 
show the greatest variability in shipments across the three 
cases (Figure 84), because they siipply downstream industries 
that are sensitive to GDP growth Construction is a downstream 
industry for both iron and steel and cement, and the metal- 
based durables industry is a downstream industry for iron and 
steel. Shipments in the metal durables industry levels off after 
2020, following a decline in iron and steel Shipments. 

Energy use reflects output and efficiency 
trends in energy-intensive industries 
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Changes in energy consumption from 2010 to 2035 in the 
energy-intensive industries ranges from almost nothing in the 
Low Economic Growth case to  0 8 percent per year or 5 quadril- 
lion Btu in the High Economic Growth case (Figure 85) Changes 
in energy consumption by the industrial subsector largely reflect 
the corresponding changes in gross shipments. Energy efficiency 
improvements and changes in manufacturing methods and 
req u i rem en t s, how ever, a I so affect en erg y con su m p t i on 

Starting from low levels of economic activity in 2010, shipments 
from all industries grow over the projection period. For example, 
steel industry shipments grow by 23 percent in the AE02072 
Reference case from 2010 to 2035, but energy use declines 
by 12 percent due to  a shift from the use of blast furnace steel 
production to the use of recycled products and electric arc fur- 
naces The continued decline of primary aluminum production 
and concurrent rise in less energy-intensive secondary produc- 
tion lead to a similar decline in aluminum industry energy use 
despite an increase in shipments The paper industry shows a 
far less noticeable improvement in energy efficiency because 
of greater demand for more energy-intensive products such as 
paperboard by consumers 

The only industrial subsector that shows an increase in energy 
intensity is refining In each of the three Economic Growth cases 
(Reference, Low Growth, and High Growth), the increase in liq- 
uids refinery industry energy consumption exceeds the growth 
in shipments over the projection period as a result of increased 
use of coal after 2015 for CTL and CBTL production Production 
of alternative fuels is inherently more energy-intensive than 
production of traditional fuels, because they are refined from 
solids with relatively low energy densities 
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Nonmanufacturing and transportation 
equipment lead energy efficiency gains 
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In 2035, non-energy-intensive manufacturing and nonmanufac- 
turing industrial subsectors account for $6 7 trillion (2005 dol- 
lars) in shipments in the Reference case-a 57-percent increase 
from 2010. From 2010 to 2035, growth in those shipments 
averages 1.2 percent per year in the Low Economic Growth case 
and 2.5 percent in the High Economic Growth case, compared 
with 1 8 percent in the Reference case (Figure 86). Non-energy- 
intensive manufacturing and nonmanufacturing are segments 
of the industrial sector that primarily consume fuels for thermal 
or electrical needs, not as raw materials or feedstocks 

In the three cases, shipments from the two subsectors grow 
at roughly twice the annual rate projected for energy-intensive 
manufacturing, based on production of high-tech, high-value 
goods and strong supply chain linkages between energy- 
intensive manufacturing and many non-energy-intensive 
manufacturing industries (such as machinery and transporta- 
tion equipment produced for the metals industries). Recovery 
in the two  subsectors from 2010 to 2015 is rapid because of 
increased U.S. competiveness in the transportation equipment 
and machinery industries, as well as a recovering construction 
industry, which saw residential starts bottom out in 2010. After 
2015, the growth is more moderate. 

In the Reference case, shipments from the non-energy-inten- 
sive manufacturing and nonmanufacturing industries gener- 
ally exceed pre-recession levels by 2017, reflecting a slow and 
extended economic recovery Pre-recession shipment levels 
are exceeded in 2015 and 2024 in the High Economic Growth 
and Low Economic Growth cases, respectively 

Other manufacturing 
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From 2010 to 2035, total energy consumption in the non- 
energy-intensive manufacturing and nonmanufacturing indus- 
trial subsectors changes by 2 percent or 178 trillion Btu in the 
Low Economic Growth case, 15 percent or 1,134 trillion Btu in the 
Reference case, and 3 0  percent or 2,282 trillion Btu in the High 
Economic Growth case (Figure 87) In each of the three cases, 
those industries together account for more than 40 percent of 
the projected increase in total industrial natural gas consumption. 

The transportation equipment and construction industries 
account for roughly 2 0  percent of the projected increase in 
energy use but approximately 4 0  percent of the projected 
growth in total industrial shipments in all cases. The transpor- 
tation equipment industry, in particular, shows a rapid decline 
in energy intensity from 2010 to 2035 Energy consumption 
increases by 37 percent from 2010 to 2035 and production 
doubles, yielding an annualized decline in energy intensity of 
1.3 percent per year in the transportation equipment industry 
over the projection period in the AEO2072 Reference case. 

Overall, the combined energy intensity of the non-energy- 
intensive manufacturing and nonmanufacturing industries 
declines by 25 percent in the Low Economic Growth case and 
29 percent in the High Economic Growth case. The more rapid 
decline in the High Economic Growth case is consistent with 
an expectation that energy intensity will fall more rapidly when 
stronger economic growth facilitates additional investment in 
more energy-efficient equipment 
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Transportation energy use grows slowly 
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Transportation sector energy consumption grows at an average 
annual rate of 0.1 percent from 2010 to 2035 (from 27.6 quadril- 
lion Btu  to 28.6 quadrillion Btu), much slower than the 1 2-per- 
cent average from 1975 to 2010 The slower growth results 
primarily from improvement in fuel economy for both LDVs 
and heavy-duty vehicles (HDVs), as well as relatively modest 
growth in demand for personal travel. 

LDV energy demand falls by 3.2 percent (0 5 quadrillion Btu) 
from 2010 to 2035 (Figure 88). Personal travel demand rises 
more slowly than in recent history, with the increase more than 
offset by existing GHG standards for model year (MY) 2012 to 
2016 and by EISA2007 fuel economy standards for MY 2017 to 
2020. Inclusion of the proposed standards for MY 2017-2025, 
which are not included in the Reference case, reduce LDV energy 
demand by20.0 percent (3 2 quadrillion Btu) from 2010 to 2035. 

Energy demand for HDVs (including tractor trailers, buses, voca- 
tional vehicles, and heavy-duty pickups and vans) increases by 
21 percent, or 1.1 quadrillion Btu, from 2010 to  2035, as a result 
of increases in vehicle miles traveled (VMT) as economic output 
recovers. Fuel efficiency and GHG emissions standards temper 
growth in energy demand even as more miles are traveled overall. 

Energy demand for aircraft increases by 11 percent, or 0 3 qua- 
drillion Btu from 2010 to 2035. Higher incomes and moderate 
growth in fuel costs encourage more personal air travel, the 
resulting increase in energy use offset by gains in aircraft fuel 
efficiency. Air freight use of energy grows as a result of export 
growth. Energy consumption for marine and rail travel also 
increases, as industrial output grows and more coal i s  trans- 
ported. Energy use for pipelines also increases, even though 
more natural gas production occurs closer to end-use markets 

CAFE and greenhouse gas emissions standards 
boost vehicle fuel economy 
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The introduction of Corporate Average Fuel Economy (CAFE) 
standards for LDVs in 1978 resulted in an increase in fuel econ- 
omy from 19 9 miles per gallon (mpg) in 1978 to 26.2 mpg in 
1987. Over the two decades that followed, despite improve- 
ments in LDV technology, fuel economy fell to between 24 and 
26  mpg as sales of light-duty trucks increased from 2 0  per- 
cent of new LDV sales in '1980 to almost 55 percent in 2 0 0 4  
[724]. The subsequent rise in fuel prices and reduction in sales 
of light-duty trucks, coupled with tighter CAFE standards for 
light-duty trucks starting with M Y  2008, led to a rise in LDV 
fuel economy to 29 2 mpg in 2010. 

The National Highway Traffic Safety Administration (NHTSA) 
introduced attribute-based CAFE standards for M Y  2011 LDVs 
in 2 0 0 9  and, together with the U.S. Environmental Protection 
Agency (EPA), in 2010 announced CAFE and GHG emissions 
standards for M Y  20'12 to  MY 2016 ElSA2007 further requires 
that LDVs achieve an average fuel economy of 35 mpg by M Y  
2020  [I251 In the AEO2OI2 Reference case, the fuel economy 
of new LDVs [I261 rises to 30.0 mpg in 2011,33.8 mpg in 2016, 
and 35.9 mpg in 2020 (Figure 89). After 2020, CAFE standards 
remain constant, with LDV fuel economy increasing moderately 
to 37.9 mpg in 2035 as a result of more widespread adoption of 
fuel-saving technologies. 

In December 2011, NHTSA and EPA proposed more stringent 
attribute-based CAFE and GHG emissions standards for MYs 
2017 to  2025 [1271. The proposal calls for a projected average 
LDV CAFE of 49 6 mpg by 2025 together with a GHG standard 
equivalent to  5 4  5 mpg. Wi th  the inclusion of the proposed 
LDV CAFE standards, LDV fuel economy in the CAFE Standards 
case increases by nearly 3 0  percent in 2035 compared to the 
Reference case. 
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Personal vehicle travel demand, measured as VMT per licensed 
driver, grew at an average annual rate of 11 percent from 1970 
to 2007, from about 8,700 miles per driver in 1970 to 12,800 
miles per driver in 2 0 0 7  Increased travel was supported by ris- 
ing incomes, declining costs of driving per mile (determined by 
fuel economy and fuel price), and demographic changes (such 
as women entering the workforce). Between 2007 and 2010, 
VMT per licensed driver declined to around 12,700 miles per 
driver because of a spike in the cost of driving per mile and the 
economic downturn. In the AE02072 Reference case, V M T  per 
licensed driver grows by an average of 0 2 percent per year, to 
13,350 miles per driver in 2035 (Figure 90). 

Although the real price of motor gasoline in the transporta- 
tion sector increases by 4 8  percent from 2010 to 2035 in the 
Reference case, V M T  per licensed driver still grows as real dis- 
posable personal income climbs by 81 percent. Faster growth 
in income than in fuel prices ensures that travel demand con- 
tinues to rise by reducing the percentage of income spent on 
fuel. In addition, the effect of rising fuel costs is moderated by 
a 30-percent improvement in new vehicle fuel economy fol- 
lowing the implementation of more stringent GHG and CAFE 
standards for LDVs. 

Several demographic forces play a role in moderating the 
growth in V M T  per licensed driver despite the rise in real dis- 
posable income Although LDV sales increase through 2035, 
the number of vehicles per licensed driver remains relatively 
constant (at just over 1 per licensed driver). Also, unemploy- 
ment remains above pre-recession levels in the Reference case 
until later in the projection, further tempering the increase in 
personal travel demand 
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LDVs that use diesel, other alternative fuels, hybrid-electric, 
or all-electric systems play a significant role in meeting more 
stringent GHG emissions and fuel economy standards, as well 
as offering fuel savings in the face of higher fuel prices. Sales 
of such vehicles increase from 14 percent of all new LDV sales 
in 2010 to 35 percent in 2035 in the AE02072 Reference case 
Sales would be even higher with consideration of the proposed 
fuel economy standards covering MYs 2017 through 2025 
that are not included in the Reference case (see discussion in 
"Issues in focus") 

Flex-fuel vehicles (FFVs), which can use blends of ethanol up to 
85 percent, represent the largest share of vehicles, at 17 per- 
cent of all new vehicle sales Manufacturers selling FFVs cur- 
rently receive incentives in the form of fuel economy credits 
earned for CAFE compliance through M Y  2016 FFVs also play 
a critical role in meeting the RFS for biofuels 

Sales of hybrid electric and all-electric vehicles that use stored 
electric energy grow considerably in the Reference case (Figure 
91) Micro hybrids, which use start/stop technology to man- 
age engine operation while at idle, account for 6 percent of 
total LDV sales in 2035, which is the largest share for vehicles 
that use electric storage Gasoline-electric and diesel-electric 
hybrid vehicles account for 5 percent of total LDV sales in 2035, 
and plug-in and all-electric hybrid vehicles account for 3 per- 
cent of LDV sales and 9 percent of sales of vehicles using diesel, 
alternative fuels, hybrid, or all-electric systems 

Sales of diesel vehicles also increase, to 4 percent of total LDV 
sales in 2035. Light-duty gaseous and fuel cell vehicles account 
for less than 0 5 percent of new vehicle sales throughout the 
projection because of the limited availability of a fueling infra- 
structure and their high incremental cost 
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Energy demand for HDVs-including tractor trailers, vocational 
vehicles, heavy-duty pickups and vans, and buses-increases 
from 5.1 quadrillion Btu in 2010 to 6.2 quadrillion Btu in 2035, at 
an average annual growth rate of 0 8 percent, which is the high- 
est among transportation modes. Still, the increase in energy 
demand for HDVs is lower than the 2-percent annual average 
from 1995 to 2010, as increases in V M T  are offset by improve- 
ments in fuel economy following the recent introduction of new 
standards for HDV fuel efficiency and GHG emissions 

The total number of miles traveled annually by all HDVs grows 
by 48  percent from 2010 to 2035, from 234 billion miles to 345 
billion miles, for an average annual increase of 1.6 percent. The 
rise in V M T  is supported by rising economic output over the 
projection period and an increase in the number of trucks on 
the road, from 8.9 million in 2010 to 12.5 million in 2035 

Higher fuel economy for HDVs partially offsets the increase in 
their VMT, as average new vehicle fuel economy increases from 
6.6 mpg in 2010 to 8.2 mpg in 2035 The gain in fuel economy 
is primarily a consequence of the new GHG emissions and fuel 
efficiency standards enacted by EPA and NHTSA that begin in 
M Y  2014 and reach the most stringent levels in M Y  2018 El281 
Fuel economy continues to improve moderately after 2018, as 
fuel-saving technologies continue to be adopted for economic 
reasons (Figure 92) 
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Electricity demand (including retail sales and direct use) growth 
has slowed in each decade since the 19505, from a 9.8-percent 
annual rate of growth from 1949 to 1959 to only 0 7  percent 
per year in the first decade of the 2lst century. In the AE02012 
Reference case, electricity demand growth rebounds some- 
what from those low levels but remains relatively slow, as grow- 
ing demand for electricity services is offset by efficiency gains 
from new appliance standards and investments in energy-effi- 
cient equipment (Figure 93). 

Electricity demand grows by 22 percent in the AEO2012 
Reference case, from 3,877 billion kilowatthours in 2010 to 
4,716 billion kilowatthours in 2035. Residential demand grows 
by 18 percent over the same period, to 1,718 billion kilowatt- 
hours in 2035, spurred by population growth, rising disposable 
income, and continued population shifts to warmer regions 
with greater cooling requirements. Commercial sector electric- 
ity demand increases by 28 percent, to 1,699 billion kilowatt- 
hours in 2035, led by demand in the service industries. In the 
industrial sector, electricity demand has been generally declin- 
ing since 2000, and it grows by only 2 percent from 2010 to 
2035, slowed by increased competition from overseas manu- 
facturers and a shift of U.S. manufacturing toward consumer 
goods that require less energy to produce. Electricity demand 
in the transportation sector is small, but it is expected to more 
than triple from 7 billion kilowatthours in 2010 to 22 billion kilo- 
watthours in 2035 as sales of electric plug-in LDVs increase. 

Average annual electricity prices (in 2010 dollars) increase by 
3 percent from 2010 to 2035 in the Reference case, generally 
falling through 2020 in response to lower fuel prices used to 
generate electricity After 2020, rising fuel costs more than off- 
set lower costs for transmission and distribution. 
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Coal remains the dominant fuel for electricity generation in the 
AE02012 Reference case (Figure 941, but its share declines sig- 
nificantly In 2010, coal accounted for 45 percent of total U S 
generation, in 2020 and 2035 its projected share of total gen- 
eration is 39 percent and 3 8  percent, respectively Competition 
from natural gas and renewables is a key factor in the decline 
Overall, coal-fired generation in 2035 is 2 percent higher than 
in 2010 but still 6 percent below the 2007 pre-recession level 

Generation from natural gas grows by 42 percent from 2010 to  
2035, and its share of total generation increases from 24  per- 
cent in 2010 to 28 percent in 2035 The relatively low cost of 
natural gas makes the dispatching of existing natural gas plants 
more competitive with coal plants and, in combination with rel- 
atively low capital costs, makes natural gas the primary choice 
to fuel new generation capacity 

Generation from renewable sources grows by 77 percent in 
the Reference case, raising its share of total generation from 
10 percent in 2010 to 15 percent in 2035 Most of the growth in 

able electricity generation comes from wind and biomass 
s, which benefit from State RPS requirements, Federal 

tax credits, and, in the case of biomass, the availability of low- 
cost feedstocks and the RFS 

Generation from U S nuclear power plants increases by 10 percent 
from 2010 to 2035, but the share of total generation declines from 
20  percent in 2010 to 18 percent in 2035 Although new nuclear 
capacity is added by new reactors and uprates of older ones, total 
generation grows faster and the nuclear share falls Nuclear capac- 
ity grows from 101 gigawatts in 2010 to 111 gigawatts in 2035, 
with 7 3  gigawatts of additional uprates and 8 5 gigawatts of new 
capacity between 2010 and 2035 Some older nuclear capacity is 
retired, which reduces overall nuclear generation 

Most new capacity additions use 
natural gas and renewables 
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Decisions to add capacity, and the choice of fuel for new capac- 
ity, depend on a number of factors [729]. W i t h  growing elec- 
tricity demand and the retirement of 8 8  gigawatts of existing 
capacity, 235 gigawatts of new generating capacity (including 
end-use combined heat and power) are projected to be added 
between 2011 and 2035 (Figure 95). 

Natural-gas-fired plants account for 6 0  percent of capacity 
additions between 2011 and 2035 in the Reference case, com- 
pared with 29 percent for renewables, 7 percent for coal, and 
4 percent for nuclear Escalating construction costs have the 
largest impact on capital-intensive technologies, which include 
nuclear, coal, and renewables. However, Federal tax incentives, 
State energy programs, and rising prices for fossil fuels increase 
the competitiveness of renewable and nuclear capacity. Current 
Federal and State environmental regulations also affect fossil 
fuel use, particularly coal. Uncertainty about future limits on 
GHG emissions and other possible environmental programs 
also reduces the competitiveness of coal-fired plants (reflected 
in AE02072 by adding 3 percentage points to the cost of capital 
for new coal-fired capacity). 

Uncertainty about demand growth and fuel prices also affects 
capacity planning Total capacity additions from 2011 to  2035 
range from 166 gigawatts in the Low Economic Growth case 
to 305 gigawatts in the High Economic Growth case. In the 
AE02012 Low Tight Oil and Shale Gas Resource case, natural 
gas prices are higher than in the Reference case and new natu- 
ral gas fired capacity from 201'1 to 2035 accounts for 102 giga- 
watts, which represents 47 percent of total additions In the 
High Tight Oil and Shale Gas Resource case, delivered natural 
gas prices are lower than in the Reference case and natural gas- 
fired capacity additions by 2035 are 155 gigawatts, or 6 6  per- 
cent of total new capacity. 
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Typically, investments in electricity generation capacity have 
gone through "boom and bust" cycles Periods of slower growth 
have been followed by strong growth in response to changing 
expectations for future electricity demand and fuel prices, as 
well as changes in the industry, such as restructuring (Figure 
96). A construction boom in the early 2000s  saw capacity 
additions averaging 35 gigawatts a year from 2 0 0 0  to 2005, 
much higher than had been seen before Since then, average 
annual builds have dropped to 17 gigawatts per year from 2 0 0 6  
to 2010. 

In the AE02012 Reference case, capacity additions between 
2011 and 2035 total 235 gigawatts, including new plants built 
not only in the power sector but also by end-use generators 
Annual additions in 2011 and 2012 remain relatively high, aver- 
aging 24  gigawatts per year [730]. Of those early builds, about 
4 0  percent are renewable plants built to take advantage of 
Federal tax incentives and to meet State renewable standards. 

Annual builds drop significantly after 2012 and remain below 
9 gigawatts per year until 2025 During that period, existing 
capacity is adequate to meet growth in demand in most regions, 
given the earlier construction boom and relatively slow growth 
in electricity demand after the economic recession. Between 
2025 and 2035, average annual builds increase to 11 gigawatts 
per year, as excess capacity is depleted and the rate of total 
capacity growth is  more consistent with electricity demand 
growth More than 7 0  percent of the capacity additions from 
2025 to 2035 are natural gas fired, given the higher construc- 
tion costs for other capacity types and uncertainty about the 
prospects for future limits on GHG emissions. 

Growth in generating capacity 
parallels rising demand for electricity 
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Over the long term, growth in electricity generating capac- 
ity parallels the growth in end-use demand for electricity 
However, unexpected shifts in demand or dramatic changes 
affecting capacity investment decisions can cause imbalances 
that can take years to work out 

Figure 97 shows indexes summarizing relative changes in total 
generating capacity and electricity demand During the 1950s 
and 1960s, the capacity and demand indexes tracked closely 
The energy crises of the 1970s and 1980s, together with other 
factors, slowed electricity demand growth, and capacity growth 
outpaced demand for more than 10 years thereafter, as planned 
units continued to  come on line Demand and capacity did not 
align again until the mid-1990s Then, in the late 1990s, uncer- 
tainty about deregulation of the electricity industry caused a 
downturn in capacity expansion, and another period of imbal- 
ance followed, with growth in electricity demand exceeding 
capacity growth 

In 2000,  a boom in construction of new natural gas fired 
plants began, quickly bringing capacity back into balance with 
demand and, in fact, creating excess capacity. Construction of 
new intermittent wind capacity that sometimes needs backup 
capacity also began to grow after 2 0 0 0  More recently, the 
2008-2009 economic recession caused a significant drop in 
electricity demand, which has recovered only partially in the 
post-recession period In combination with slow near-term 
growth in electricity demand, the slow economic recovery 
creates excess generating capacity in the AEO2Ol2 Reference 
case Capacity currently under construction is completed in the 
Reference case, but only a limited amount of additional capac- 
ity is built before 2025, while older capacity is retired In 2025, 
capacity growth and demand growth are in balance again, and 
they grow at similar rates through 2035 
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Technology choices for new generating capacity are based 
largely on capital, operating, and transmission costs Coal, 
nuclear, and renewable plants are capital-intensive (Figure 98), 
whereas operating (fuel) expenditures make up most of the 
costs for natural gas capacity [I371 Capital costs depend on 
such factors as equipment costs, interest rates, and cost recov- 
ery periods Fuel costs vary with operating efficiency, fuel price, 
and transportation costs 

In addition to considerations of levelized costs [1321, some 
technologies and fuels receive subsidies, such as production 
tax credits and ITCs Also, new plants must satisfy local and 
Federal emissions standards and must be compatible with the 
utility's load profile 

Regulatory uncertainty also affects capacity planning. New coal 
plants may require carbon control and sequestration equip- 
ment, resulting in higher material, labor, and operating costs 
Alternatively, coal plants without carbon controls could incur 
higher costs for siting and permitting Because nuclear and 
renewable power plants (including wind plants) do not emit 
GHGs, their costs are not directly affected by regulatory uncer- 
tainty in this area. 

Capital costs can decline over time as developers gain technol- 
ogy experience, with the largest rate of decline in new tech- 
nologies. In the AE02072 Reference case, the capital costs of 
new technologies are adjusted upward initially to compensate 
for the optimism inherent in early estimates of project costs, 
then decline as project developers gain experience The decline 
continues at a progressively slower rate as more units are built. 
Operating efficiencies also are assumed to improve over time, 
resulting in reduced variable costs unless increases in fuel costs 
exceed the savings from efficiency gains 
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In the AE02012 Reference case, nuclear power capacity 
increases from 101.2 gigawatts in 2010 to a high of 114.7 giga- 
watts in 2025, before declining to  110.9 gigawatts in 2035 
(Figure 99), largely as a result of plant retirements. The capac- 
i ty increase through 2025 includes 7 3 gigawatts of expansion 
at existing plants and 6 .8  gigawatts of new capacity, which 
includes completion of two  conventional reactors at the Watts 
Bar and Bellefonte sites. Four advanced reactors, reported as 
under construction, are also assumed to be brought online by 
2020  and to be eligible for Federal financial incentives. High 
construction costs for nuclear plants, especially relative to nat- 
ural gas fired plants, make additional options for new nuclear 
capacity uneconomical unti l the later years of the projection, 
when an additional 1 8  gigawatts is added. Nuclear capac- 
ity additions vary with assumptions about overall demand for 
electricity. Across the Economic Growth cases, nuclear capac- 
ity additions from 2011 to 2035 range from 6 8 gigawatts in 
the Low Economic Growth case i o  19 2 gigawatts in the High 
Economic Growth case. 

One nuclear unit, Oyster Creek, is expected to be retired at 
the end of 2019, as announced by Exelon in December 2010. 
An  additional 5.5 gigawatts of nuclear capacity is assumed to 
be retired by 2035. All other existing nuclear units continue to  
operate through 2035 in the Reference case, which assumes 
that they will apply for and receive operating license renew- 
als, including in some cases a second 20-year extension after 
60 years of operation (for more discussion, see "Issues in 
focus"). W i th  costs for natural gas fired generation rising in the 
Reference case and uncertainty about future regulation of GHG 
emissions, the economics of keeping existing nuclear power 
plants in operation are favorable 
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From 2010 to 2035, total nonhydropower renewable generat- 
ing capacity more than doubles in the AE02012 Reference case 
(Figure 100) Wind accounts for the largest share of that new 
capacity, increasing from 39 gigawatts in 2010 to 70 gigawatts 
in 2035 Both solar capacity and biomass capacity grow at faster 
rates than wind capacity, but they start from smaller levels 

Excluding new projects already under construction, PV accounts 
for nearly all solar capacity additions both in the end-use sec- 
tors (where 11 gigawatts of PV capacity is  added from 2010 to 
2035) and in the electric power sector (8 gigawatts added from 
2010 to 2035) While end-use solar capacity grows through- 
out the projection, the growth of solar capacity in the electric 
power sector is concentrated primarily in the last decade of the 
projection period (2025-2035) when the technology becomes 
more cost-competitive Geothermal capacity nearly triples over 
the projection period, but in 2035 it still accounts for only about 
5 percent of total nonhydropower renewable generating capac- 
ity. 

Renewable capacity additions are supported by State RPS pro- 
grams, the Federal RFS, and Federal tax credits Total renew- 
able capacity-particularly, wind and solar-grows rapidly in 
the near term in the AE02012 Reference case There is, how- 
ever, relatively little projected need for new generation capacity 
of any type, including renewables, for the remainder of the cur- 
rent decade, primarily because there is an abundance of exist- 
ing natural gas fired capacity that can be operated at higher 
capacity factors. After 2020  there is a need for new genera- 
tion capacity in the Reference case, resulting in a resurgence in 
renewable capacity growth. 
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In theAE02072 Reference case, nonhydropower renewablegen- 
eration grows at an average annual rate of 3 9 percent, nearly 
tripling from 2010 to 2035 Generation from nonhydropower 
renewable sources has been small historically in comparison 
with hydroelectric generation, however, nonhydropower renew- 
able generation surpasses hydroelectric generation in 2020  in 
the Reference case (Figure 101) 

The share of the total electricity generation accounted for by 
nonhydropower renewable generation increases from about 4 
percent in 2010 to 9 percent in 2035 Although wind remains 
the largest soilice of nonhydropower renewable generation 
through 2035, both solar and biomass generation grow at 
faster annual rates Solar generation increases by an average of 
nearly 10 percent per year, and biomass generation increases 
by 6 percent per year 

Both solar and wind energy are intermittent resources, and as 
a result their contributions to the generation mix are less than 
their contribution to the capacity mix Biomass-fired genera- 
tion, on the other hand, is dispatchable and grows to levels 
approaching wind generation by the end of the projection, at 
145 billion kilowatthours in 2035, as compared with 194 billion 
kilowatthours for wind-powered generation Most of the growth 
in biomass generation comes from CHP units used in the pro- 
duction of biomass-based liquid fuels, primarily in response to 
the Federal RFS Biomass co-firing and end-use generation play 
an important role in satisfying State RPS mandates, particularly 
from 2010 to 2020, when overall capacity growth is modest 
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State renewable portfolio standards 
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Natural gas prices are expected to rise 
with the marginal cost of production 

History 201 0 Projections 
I 10 

' t  

4 

-20 10 

2 

40 60 80 1 oa 

Regional growth in renewable electricity generation is based 
largely on two factors availability of renewable energy 
resources and the existence of State RPS programs that require 
the use of renewable generation After a period of robust RPS 
enactments in several States, the past few years have been 
relatively quiet in terms of State program expansions, primarily 
due to the subdued economic climate 

The highest level of nonhydroelectric renewable generation in 
2035,93.9 billion kilowatthours, occurs in the WECC California 
(CAMX) region (Figure 102), whose area approximates the 
California State boundaries. (For a map of the electricity 
regions presented, see Appendix F.) The three largest contribu- 
tors to the total are wind, solar, and geothermal generation The 
region encompassing the Pacific Northwest has more overall 
renewable generation, the vast majority of which comes from 
hydroelectric sources. 

Although the Western and Southwestern States have the 
most projected solar installations, State RPS programs heav- 
ily influence the growth of solar capacity in the eastern States, 
where both the Reliability First Corporation/East (RFCE) and 
the Reliability First Corporation/West (RFCW) regions have 
large amounts of end-use solar generation, with 1 7  billion kilo- 
watthours and 1.9 billion kilowatthours, respectively. The two 
regions are not known for a strong solar resource base, and the 
installations are in response to  the ITC as well as solar require- 
ments embedded in State RPS programs. Most biomass capac- 
ity-confined largely to  the end-use sectors-is built at the sites 
of cellulosic ethanol plants, many of which are in the Southeast. 
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U S  natural gas prices are determined largely by supply 
and demand conditions in North American markets At  cur- 
rent (2012) price levels, natural gas prices are below average 
replacement cost However, over time natural gas prices rise 
with the cost of developing incremental production capacity 
(Figure 103) After 2017, natural gas prices rise in the AEOZOl2 
Reference case more rapidly than crude oil prices, but oil prices 
remain at least three times higher than natural gas prices 
through the end of the projection (Figure 104) 

As of January 1, 2010, total proved and unproved natu- 
ral gas resources are estimated at 2,203 trillion cubic feet 
Development costs for natural gas wells are expected to grow 
slowly. Henry Hub spot prices for natural gas rise by 2 1 percent 
per year from 2010 through 2035 in the Reference case, to an 
annual average of 87 37 per million Btu (2010 dollars) in 2035 
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Natural gas prices vary with economic growth 
and shale gas well recovery rates 
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The rate at which natural gas prices change in the future can 
vary, depending on a number of factors Two important factors 
are the future rate of macroeconomic growth and the expected 
cumulative production of shale gas wells over their lifetimes- 
the estimated ultimate recovery (EUR) per well. Alternative 
cases with different assumptions for these factors are shown 
in Figure 105 

Higher rates of economic growth lead to increased consump- 
tion of natural gas, causing more rapid depletion of natural gas 
resources and a more rapid increase in the cost of developing 
new incremental natural gas production Conversely, lower 
rates of economic growth lead to lower levels of natural gas 
consumption and, ultimately, a slower increase in the cost of 
developing new production. 

In the High and Low EUR cases, the EUR per shale gas well is 
increased and decreased by 5 0  percent, respectively. Future 
shale gas well recovery rates are an important determinant of 
future prices. Changes in well recovery rates affect the long-run 
marginal cost of shale gas production, which in turn affects both 
natural gas prices and the volumes of new shale gas production 
developed (further analysis and discussion are included in the 
"Issues in focus" section of this report) In the Low EUR case, an 
Alaska gas pipeline starts operating in 2031, accompanied by 
a dip in natural gas prices. A recent proposal to build a natural 
gas pipeline along the route of the Alyeska oil pipeline with an 
LNG export facility could speed up construction. In the High 
Economic Growth case, the pipeline begins operation in 2035, 
with a similar effect on prices 
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The United States consumed more natural gas than it produced 
in 2010, importing 2 6 trillion cubic feet from other countries In 
the AEO2012 Reference case, domestic natural gas production 
grows more quickly than consumption As a result, the United 
States becomes a net exporter of natural gas by around 2022, 
and in 2035 net exports of natural gas from the United States 
total about 14 trillion cubic feet (Figure 106) 

U.S. natural gas consumption grows at a rate of 0 4 percent per 
year from 2010 to 2035 in the Reference case, or by a total of 
2 5 trillion cubic feet, to 26 6 trillion cubic feet in 2035. Growth 
in domestic natural gas consumption depends on many fac- 
tors, including the rate of economic growth and the delivered 
prices of natural gas and other fuels Natural gas consumption 
in the commercial and industrial sectors grows by less than 0 5 
percent per year through 2035, and consumption for electric 
power generation grows by 0 8 percent per year Residential 
natural gas consumption declines over the same period, by a 
total of 0 3 trillion cubic feet from 2010 to 2035 

U S natural gas production grows by 10  percent per year, 
to  2 7 9  trillion cubic feet in 2035, more than enough to meet 
domestic needs for consumption, which allows for exports The 
prospects for future CJ S natural gas exports are highly uncer- 
tain and depend on many factors that are difficult to anticipate, 
such as the development of new natural gas production capac- 
ity in foreign countries, particularly from deepwater reservoirs, 
shale gas deposits, and the Arctic 
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Shale gas provides largest source of growth 
in 1J.S. natural gas supply 

In most 1J.S. regions, natural gas production 
growth is led by shale gas development 
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The increase in natural gas production from 2010 to 2035 in the 
AE02012 Reference case results primarily from the continued 
development of shale gas resources (Figure 107). Shale gas is 
the largest contributor to production growth, there is relatively 
little change in production levels from tight formations, coalbed 
methane deposits, and offshore fields. 

Shale gas accounts for 49 percent of total U S natural gas pro- 
duction in 2035, more than double its 23-percent share in 2010 
In the Reference case, estimated proved and unproved shale 
gas resources amount to a combined 542 trillion cubic feet, out 
of a total U S resource of 2,203 trillion cubic feet Estimates 
of shale gas resources and well productivity remain uncertain 
(see "Issues in focus" for discussion) 

Tight gas produced from low permeability sandstone and car- 
bonate reservoirs is  the second-largest source of domestic 
supply in the Reference case, averaging 6 1 trillion cubic feet of 
production per year from 2010 to 2035. Coalbed methane pro- 
duction remains relatively constant throughout the projection, 
averaging 1 8 trillion cubic feet per year. 

Offshore natural gas production declines by 0 8 trillion cubic 
feet from 2010 through 2014, following the 2010 moratorium 
on offshore drilling, as exploration and development activities 
in the Gulf of Mexico focus on oil-directed activity. After 2014 
offshore production continues to rise throughout the remainder 
of the projection period 

2035 

Gulf Coast20" 
2035 

Midcontinent2010 
2035 

l o  
2035 

Rocky Mountain2' l o  
2035 

Southwest 

West Coast2010 
2035 

0 2 4 6 8 

Shale gas production, which more than doubles from 2010 to 
2035, is the largest contributor to the projected growth in total 
U.S. natural gas production in the Reference case Regional pro- 
duction growth largely reflects expected increases in produc- 
tion from shale beds. See Figure F4 in Appendix F for a map of 
U 5. natural gas supply regions. 

In the Northeast, natural gas production grows by an aver- 
age of 5.2 percent per year, or a total of 3 9 trillion cubic feet 
from 2010 to 2035 (Figure 108) The Marcellus shale, which 
accounts for 3.0 trillion cubic feet of the expected increase, 
is particularly attractive for development because of its large 
resource base, its proximity to major natural gas consumption 
markets, and the extensive pipeline infrastructure that already 
exists in the Northeast. 

In the Gulf Coast region, natural gas production grows by 2 0 
trillion cubic feet from 2010 to 2035, at an average rate of 14 
percent per year Natural gas production from the Haynesville/ 
Bossier and Eagle Ford formations increases by 2.8 trillion cubic 
feet over the period, but declines in production from other nat- 
ural gas fields in the region offset some of the gains, so that 
the net increase in production for the region as a whole is only 
about 2 trillion cubic feet 

In the Rocky Mountain region, natural gas production grows by 
0 9 trillion cubic feet from 2010 through 2035, with tight sand- 
stone and carbonate production increasing by 0 . 8  trillion cubic 
feet and shale gas production by 0.4 trillion cubic feet As in the 
Gulf Coast region, production growth in the Rocky Mountain 
region is  offset in part by production declines in the region's 
other natural gas fields. 
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The 1J.S. becomes a net natural gas exporter 
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In 2010, the United States imported 11 percent of its total natu- 
ral gas supply In the AE02012 Reference case, U S natural gas 
production grows faster than consumption, so that early in the 
next decade exports exceed imports In 2035, U S net natu- 
ral gas exports are about 1 4  trillion cubic feet (about 4 billion 
cubic feet per day), half of which is exported overseas as lique- 
fied natural gas (LNG) The other half is transported by pipe- 
lines, primarily to Mexico 

U S LNG exports supplied from lower 48  natural gas produc- 
tion are assumed to start when LNG export capacity of 1.1 billion 
cubic feet per day goes into operation in 2016. An additional 1 1  
billion cubic feet per day of capacity is expected to come on 
line in 2019. At full capacity, the facilities could ship 0.8 trillion 
cubic feet of LNG to overseas consumers per year. Net U 5. LNG 
exports are somewhat lower than those figures imply, however, 
because LNG imports to the New England region are projected 
to continue In general, future U S. exports of LNG depend on 
a number of factors that are difficult to  anticipate and thus are 
highly uncertain 

Net natural gas imports from Canada decline over the next 
decade in the Reference case and then stabilize at about 1 1 tril- 
lion cubic feet per year (Figure log), when natural gas prices 
in the U S lower 48  States become high enough to motivate 
Canadian producers to expand their production of shale gas 
and tight gas In Mexico, natural gas consumption shows 
robust growth through 2035, while Mexico's production grows 
at a slower rate As a result, increasing volumes of imported 
natural gas from the United States fill the growing gap between 
Mexico's production and consumption 
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U 5. consumption of petroleum and other liquids totals 19 9 mil- 
lion barrels per day in 2035 in the AE02072 Reference case, an 
increase of 0.7 million barrels per day over the 20'10 total (Figure 
110). Wi th  the exception of the transportation sector, where 
consumption grows by about 0 6 million barrels per day from 
2010 through 2035, petroleum and other liquids consumption 
remains relatively flat. The transportation sector accounts for 
72 percent of total petroleum and other liquids consumption 
in 2035. Proposed fuel economy standards covering MYs 2017 
through 2025 that are not included in the Reference case would 
further reduce projected petroleum use (see ''Issues in focus") 

Motor gasoline, ultra-low-sulfur diesel fuel, and jet fuel are 
the primary transportation fuels, supplemented by biofuels 
such as ethanol and biodiesel. Petroleum-based motor gaso- 
line consumption drops by approximately 0 9 million barrels 
per day from 2010 to 2035 in the Reference case, displaced by 
increased ethanol use in the form of higher blends in gasoline 
and by E85 consumption, which increases from virtually zero 
in 2010 to 0.8 million barrels per day in 2035 Diesel fuel con- 
sumption increases from 3 3 million barrels per day in 2010 to 
4.1 million barrels per day in 2035. 

Biodiesel and a number of next-generation biofuels account 
for a large share of the increase in petroleum and other liq- 
uids consumption (excluding ethanol) for transportation from 
2010 to 2035 (about 0 7 million barrels per day). The growth 
in biofuels consumption (including ethanol) is attributable to 
the EISA2007 RFS mandates, as well as high crude oil prices 
The growth in diesel fuel use results primarily from increased 
sales of light-duty diesel vehicles needed to meet more strin- 
gent CAFE standards, with a corresponding increase in domes- 
tic production of diesel fuel 
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In the AE02012 Reference case, domestic production of petro- 
leum and other liquids grows by 3 l million barrels per day from 
2010 to 2035 (Figure 111) Total production grows rapidly, from 
9.7 million barrels per day in 2010 to 12.1 million barrels per day 
in 2020, as production of crude oil and NGL from tight oil for- 
mations (including shale plays) increases sharply. After 2020, 
total U.S production of petroleum and other liquids grows 
more slowly, to  12.7 million barrels per day in 2035, as tight oil 
production levels off despite continued increases in crude oil 
prices. As production of other liquid fuels increases, the crude 
oil share of total domestic petroleum and other liquids produc- 
tion declines from 5 6  percent in 2010 to 47 percent in 2035. 
NGL production increases by more than 0 9 million barrels per 
day, to 3 0 million barrels per day in 2035, mainly as a result 
of strong growth in production of both tight oil and shale gas, 
which contain significant volumes of NGLs 

Biofuels production grows by 0 .8  million barrels per day from 
2010 t o  2035 as a result of the ElSA2007 RFS, with ethanol 
and biodiesel accounting for 0.7 and 0.1 million barrels per day, 
respectively, of the increase in the Reference case The increase 
in domestic ethanol production reduces consumption of petro- 
leum-based motor gasoline components by about 6 percent in 
2035 on an energy-equivalent basis In the early years of the 
projection, ethanol is used primarily for blending in E10 (motor 
gasoline blends containing up to 10 percent ethanol) and E15 
(15 percent ethanol). In 2035, 37 percent of domestic ethanol 
production is used in E85 (85 percent ethanol) and 63 percent 
in E10 and E15 blends In addition, growth in next-generation 
"xTL" production, which includes both biomass-to-liquids and 
CTL, contributes significantly to the growth in total U.S. petro- 
leum and other liquids production, particularly after 2020, 
adding about 0 6 and 0 3 million barrels per day of production, 
respectively, from 2010 to 2035 
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As world oil prices increase in the AE02012 Reference case, U.S. 
production of tight oil (liquid oil embedded in low-permeable 
sandstone, carbonate, and shale rock) and production using car- 
bon dioxide-enhanced oil recovery (C02-EOR) techniques add 
to  the projected increase in domestic crude oil production from 
2010 to 2035 (Figure 112) Growth in lower 4 8  onshore crude 
oil production comes primarily from the continued development 
of tight oil resources, mostly from the Bakken and Eagle Ford 
formations. Tight oil production surpasses 1 3 million barrels 
per day in 2027 and then declines to about 1.2 million barrels 
per day in 2035 as "sweet spots" are depleted AE02012 also 
includes six other tight formations in the projections for tight oil 
production: the Austin Chalk, Avalon/Bone Springs, Monterey, 
Niobrara, Spraberry, and Woodford formations. Additional tight 
oil resources are likely to be identified in the future as more work 
is completed to identify currently producing reservoirs that may 
be better categorized as tight formations, and as new tight oil 
plays are identified and incorporated (see next column). 

Crude oil production using CO2-EOR increases significantly 
after 2020, when oil prices are higher, the more profitable 
tight oil deposits are depleted, and affordable anthropogenic 
sources of carbon dioxide (C02) are available. It plateaus at 
about 650,000 barrels per day from 2032 to 2035, when its 
profitability is limited by reservoir quality and COz availability. 
From 2011 through 2035, CO,-EOR production exceeds 4 bil- 
lion barrels of oil. 

Lower 4 8  offshore oil production remains relatively constant in 
the Reference case. The decline in currently producing fields is 
offset primarily by exploration and development of new fields 
in the deep waters of the Gulf of Mexico and, after 2029, in the 
Pacific Outer Continental Shelf. 

I 
I 

U S Energy Information Administration I Annual Energy Outlook 2012 95 



Exhibit-RW-6 

U.S. crude oil production varies with 
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U.S crude oil production varies with changes in assumptions 
about the extent of productivity improvement and well spacing 
in emerging tight oil resources examined in the High Technically 
Recoverable Resources (TRR) case and in the High and Low EUR 
cases (see discussion in "Issues in focus") and with changes in 
assumptions about crude oil prices in the Low and High Crude 
Oil Price cases (Figure 113). In the High TRR case, assumptions 
for tight oil allow for more rapid growth in crude oil production 
in the short and long term than in the Reference case, wi th pro- 
duction reaching nearly 8 million barrels per day in 2020. In the 
Low EUR case there is very little growth in domestic crude oil 
production over the projection period 

Higher oil prices lead to an increase in the level of investment 
in new oil projects. However, the returns from increased invest- 
ment diminish as the average size and quality of available res- 
ervoirs decline For example, in the High Oil Price case tight 
oil production is, on average, 225,000 barrels per day higher 
from 2020  to 2030  than in the Reference case but returns to 
Reference case levels in 2035. In contrast, low oil prices result 
in less investment in new oil projects and encourage producers 
to plug and abandon existingfields at earlier dates. For example, 
in the Low Oil Price case, oil production from the Alaska North 
Slope is shut down by around 2025, when the projected operat- 
ing costs exceed wellhead production revenues (see "Issues in 
focus"). From 2020 to 2035, tight oil production is, on average, 
roughly 300,000 barrels per day lower in the Low Oil Price case 
than in the Reference case 
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U S imports of petroleum and other liquids (including crude 
oil, petroleum liquids, and liquids derived from nonpetroleum 
sources) grew steadily from the mid-1980s to 2005  but have 
declined since then In the AE02012 Reference and High Oil 
Price cases, U S imports of petroleum and other liquids con- 
tinue to  decline from 2010 to 2035, even as they provide a 
major part of total U.S supply Tighter fuel efficiency standards, 
increased use of biofuels, and greater production of domes- 
tic petroleum and other liquids contribute to the decrease in 
the share of imports The combination of higher prices and 
renewable fuel mandates leads to more domestic production 
of petroleum and biofuels, which, combined with declines in 
the petroleum share of finished products after 2015, results in 
sustain e d net product exports, 

The net import share of U.S. petroleum and other liquids con- 
sumption, which fell from 60 percent in 2 0 0 5  to 5 0  percent 
in 2010, continues to decline in the Reference case, with the 
net import share falling to 36 percent in 2035 (Figure 114). In 
the High Oil Price case, the net import  share falls even lower 
to  a 22-percent share in 2035. In the Low Oil Price case, the 
net import share remains flat in the near term but rises to 51 
percent in 2035, as domestic demand increases and imports 
become cheaper than crude oil produced domestically. 

As a result of increased domestic production and slow growth 
in consumption, the United States becomes a net exporter of 
petroleum products, with net exports in the Reference case 
increasing from 018  million barrels per day in 2011 to 0 .34  
million barrels per day in 2035. In the High Oil Price case, net 
exports of petroleum products increase to 0 9 million barrels 
per day in 2035. 
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Infrastructure hurdles limit near-term growth 
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Although biofuel production increases substantially in the 
AE02012 Reference case, it does not meet the mandated RFS of 
36 billion gallons in 2022 (Figure 115)" Financial and technologi- 
c a l  hurdles delay the start of many advanced biofuel projects, 
particularly cellulosic biofuel projects. Three consecutive years 
of substantial reductions in the cellulosic biofuels mandate 
[133,134, 1351 have significantly reduced the possibility that the 
original RFS levels mandated in ElSA2007 will be reached by 
2022 

Between 2012 and 2022, it is expected that the EPA will evaluate 
the status of biofuel capacity annually and revise the produc- 
tion mandates for the following year, according to provisions in 
the RFS [136]. In 2011, after the EPA reduced the cellulosic bio- 
fuel mandate for both 2010 and 2011 from 100 million and 250  
million gallons, respectively, to  approximately 6 million gallons 
in both years, it also reduced the 2012 mandate from 5 0 0  mil- 
lion gallons to about 8 million gallons. Taking into account those 
modifications and anticipated future changes, only 22.1 billion 
of RFS credits are generated in 2022 in the Reference case, with 
15 billion gallons of credits coming from domestic production of 
corn-based ethanol 

In the Reference case, the remainder of the biofuel supply con- 
sists of imported ethanol, biodiesel, cellulosic ethanol, and 
smaller volumes of next-generation biofuels U 8. consumption 
of cellulosic ethanol grows from 0.6 billion gallons in 2022 to  7.2 
billion gallons in 2035, when imports of ethanol and biodiesel 
total 2.2 billion gallons and 0.2 billion gallons, respectively. 
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A number of factors have recently limited the amount of etha- 
nol that can be consumed domestically Currently, given the 
limited availability of E85, the primary use of ethanol is as a 
blendstock for gasoline Wi th  rapid growth in ethanol capac- 
ity and production in recent years, ethanol consumption in 
2010 approached the legal gasoline blending limit of 10 percent 
(E10) As of January 2011, the EPA increased the blending limit 
to 15 percent for vehicles built in 2001 and later [I371 Once 
the final requirements are put in place, blenders will no longer 
be prohibited from blending beyond 10 percent for the general 
stock, however, a number of issues are expected to limit the 
rate at which terminals and retail outlets choose to take advan- 
tage of the option. 

Liability from potential misfueling and infrastructure problems 
is one of the top concerns expected to slow the widespread 
adoption of E15 Retailers are hesitant to sell E15, even with the 
EPAs warning label, i f  they are not relieved of responsibility for 
damage to consumers' vehicles that may result from misfueling 
with the higher ethanol blend or from malfunctions of storage 
equipment or infrastructure Consumer acceptance of the new 
fuel blend will also play a part, and warning labels may deter 
customers from risking potential damage from the use of E15, 
which potentially could void vehicle warranties 

In light of those potential issues, ethanol blending in gasoline 
increases slowly in the Reference case, from 13 2 billion gallons 
in 2010 (about 9 percent of the gasoline pool) to  15 0 billion gal- 
lons in 2020  (about 11 percent) and 15.8 billion gallons in 2035 
(12 5 percent) Given the blending limitations, the remaining 
growth in ethanol use is in E85, which grows from about 0 6 
billion gallons in 2018 to 9 5 billion gallons in 2035 (Figure 116) 
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Tighter vehicle efficiency standards for LDVs require new LDVs 
to  average 35 mpg by 2020, and newly issued regulations 
require increased use of ethanol. The Reference case does not 
include the proposed fuel economy standards covering MY5 
2017 through 2025 that would raise vehicle efficiency stan- 
dards even higher. Demand for motor gasoline declines in the 
Reference case. In combination with a tighter market for die- 
sel fuel, the decrease in gasoline consumption leads to a shift 
in refinery outputs and investments As some smaller and less 
integrated refineries begin to idle capacity as a result of higher 
costs, new refinery projects are focused on shifting production 
from gasoline to distillate fuels The restructuring results in a 
net reduction in refinery capacity of 2.4 million barrels per day 
over the projection period 

In the Reference case, new capacity that was planned before the 
economic downturn of 2008-2009  comes on line early in the 
projection period, adding approximately 400,000 barrels per 
day of new refining distillation capacity from 2010 to 2015. As 
a result of refinery economics and concerns about the potential 
for enactment of legislation that could constrain carbon emis- 
sions, raise refiners' costs, and limit the growth in demand for 
petroleum and other liquids, no additional refinery capacity is 
built after 2015 until around 2030. Total refining capacity in the 
United States declines gradually after 2015 as additional capac- 
i ty is idled. 

Motor gasoline consumption and diesel fuel consumption 
(either including or excluding biofuels) trend in opposite direc- 
tions in the Reference case (Figure 117). Consumption of diesel 
fuel increases by approximately 0.8 million barrels per day from 
2010 to 2035, while motor gasoline consumption falls by 0.9 
million barrels per day 

Early declines in coal production are more 
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Although higher coal exports provide some support in 2011, U.8 
coal production declines for four years thereafter as a result 
of low natural gas prices, rising coal'prices, lack of growth in 
electricity demand, and increasing generation from renewable5 
In addition, new requirements to control emissions of nitrogen 
oxides (NOx), sulfur dioxide (SO2), and air toxics (such as mer- 
cury and acid gases), result in the retirement of some coal-fired 
generating capacity, contributing to the reduction in demand for 
coal. After 2015, coal production grows at an average annual 
rate of 1.0 percent through 2035, with coal use for electricity 
generation increasing as electricity demand grows and natural 
gas prices rise.More coal is also used for production of synthetic 
liquids, and coal exports increase 

Western coal production grows through 2035 (Figure '118) but 
at a much slower rate than in the past, as demand growth con- 
tinues to  slow Low-cost supplies of coal from the West satisfy 
much of the additional need for fuel at coal-fired power plants 
east of the Mississippi River and supply most of the coal used 
at new CTL and CBTL plants. 

Coal production in the Interior region, which has trended down- 
ward slightly since the early 19905, recovers to near historic 
highs in the AEO2072 Reference case Additional production 
from the Interior region originates from mines tapping into the 
substantial reserves of mid- and high-sulfur bituminous coal in 
Illinois, Indiana, and western Kentucky and from lignite mines 
in Texas and Louisiana. Appalachian coal production declines 
substantially from current levels, as coal produced from the 
extensively mined, higher cost reserves of Central Appalachia 
is  supplanted by lower cost coal from other supply regions. An  
expected increase in production from the northern part of the 
Appalachia basin, however, moderates the overall production 
decline in Appalachia. 
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1J.S. coal production is affected by actions to 
cut GEIG emissions from existing power plants 
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U S coal production varies across the AE02012 cases, reflect- 
ing different assumptions about the costs of producing and 
transporting coal, the outlook for economic growth, the outlook 
for world oil prices, and possible restrictions on GHG emis- 
sions (Figure 119). As shown in the GHG15 case, where a COz 
emissions price that grows to  $44 per metric ton in 2035 is 
assumed, actions to restrict or reduce GHG emissions can sig- 
nificantly affect the outlook for U S coal production. 

Assumptions about economic growth primarily affect the pro- 
jections for overall electricity demand, which in turn deter- 
mine the need for coal-fired electricity generation. In contrast, 
assumptions about the costs of producing and transporting 
coal primarily affect the choice of technologies for electricity 
generation, with coal capturing a larger share of the U S elec- 
tricity market in the Low Coal Cost case. In the High Oil Price 
case, higher oil prices stimulate the demand for coal-based 
synthetic liquids, leading to more coal use at CTL and CBTL 
plants Production of coal-based synthetic liquids totals 1 3 mil- 
lion barrels per day in 2035 in the High Oil Price case, more 
than four times the amount in the Reference case. 

From 2010 to 2035, changes in total annual coal produc- 
tion across the cases (excluding the GHG case) range from a 
decrease of 1 percent to an increase of 26 percent. In the earlier 
years of the projections, coal production is lower than in 2010 in 
most cases, as other sources of electricity generation displace 
coal-fired generation. From 2010 to 2020, changes in coal pro- 
duction across the cases (excluding the GHG case) range from 
a decline of 13 percent to virtually no change, with a 6-percent 
decline projected in the AEO2012 Reference case. 

Average minemouth price continues to rise, 
but at a slower pace than in recent years 
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I6 
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2 

0 
I 99a 2000 2010 2020 2035 

In the AE02072 Reference case, the average real minemouth 
price for U S coal increases by 1 5  percent per year, from 
$1 76 per million Btu in 2010 to $2 56 in 2035, continuing the 
upward trend in coal prices that began in 2 0 0 0  (Figure 120) 
A key factor underlying the higher coal prices in the projection 
IS an expectation that coal mining productivity will continue to 
decline, but at slower rates than during the 2000s  

In the Appalachian region, the average minemouth coal price 
increases by 1.7 percent per year from 2010 to 2035 In addi- 
tion to continued declines in coal mining productivity, the 
higher price outlook for the Appalachian region reflects a shift 
to higher-value coking coal, resulting from the combination 
of growing exports of coking coal and declining shipments of 
steam/thermal coal to domestic markets Recent increases in 
the average price of Appalachian coal, from $1 28 per million 
Btu in 2 0 0 0  to $2 77 per million Btu in 2010, in part a result of 
significant declines in mining productivity over the past decade, 
have substantially reduced the competitiveness of Appalachian 
coal with coal from other regions 

In the Western and Interior coal supply regions, declines in 
mining productivity, combined with increasing production, lead 
to increases in the real minemouth price of coal, averaging 2 3 
percent per year for the Western region and 1 0  percent per 
year for the Interior region from 2010 to 2035 
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Concerns about future GHG policies affect 
investments in emissions-intensive capacity 
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In the AE02012 Reference case, the cost of capital for invest- 
ments in GHG-intensive technologies-including new coal- 
fired power plants without carbon capture and storage (CCS), 
new CTL and CBTL plants, and capital investment projects at 
existing coal-fired power plants (excluding CCS)--is increased 
by 3 percentage points to reflect the behavior of utilities, other 
energy companies, and regulators concerning the possible 
enactment of GHG legislation that could require owners to  pur- 
chase emissions allowances, invest in CCS, or invest in other 
projects to offset their emissions in the future The No GHG 
Concern case illustrates the potential impact on energy invest- 
ments when the additional 3 percentage points added to the 
cost of capital for GHG-intensive technologies is removed 

In the No GHG Concern case, the lower cost of capital leads to 
4 0  gigawatts of new coal-fired capacity additions from 2011 to 
2035, up from 17 gigawatts in the Reference case (Figure 121) 
As a result, additions of both natural gas and renewable gener- 
ating capacity are lower in the No GHG Concern case than in 
the Reference case In the end-use sectors, all new coal-fired 
capacity additions in the No GHG Concern case are at CTL and 
CBTL plants, where part of the electricity is used to produce 
synthetic liquids and the remaining portion is sold to the grid 
As a result, production of coal-based synthetic liquids totals 

rojected energy- ated carbon dioxide 
ow their 2005 level emissions remain 
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On average, energy-related C02 emissions in the AE02072 
Reference case decline by 01 percent per year from 2 0 0 5  to 
2035, as compared with an average increase of 0 9  percent 
per year from 1980 to 2005  Reasons for the decline include 
an expected slow and extended recovery from the recession of 
2008-2009, growing use of renewable technologies and fuels, 
efficiency improvements, slower growth in electricity demand, 
and more use of natural gas, which is less carbon-intensive than 
other fossil fuels In the Reference case, energy-related GOz 
emissions remain below 2005 levels through 2035, when they 
total 5,758 million metric tons-238 million metric tons (40  
percent) below their 2005  level (Figure 122) 

Petroleum remains the largest source of U S GO2 emissions over 
the projection period, but its share falls to 40 percent in 2035 
from 44 percent in 2 0 0 5  C02 emissions from petroleum use, 
mainly in the transportation sector, were at relatively low levels 
in 2009  Although they increase somewhat from 2025 to 2035, 
emissions from petroleum use remain fairly stable, as improve- 
ments in transportation fuel economy and the expanded use 
of ethanol and other biofuels outweigh expected increases in 
travel demand C02 emissions from petroleum would be even 
lower if proposed fuel economy standards covering MYs 2017 
through 2025 were included in the Reference case 

100  

to fuel electricity generation and industrial applications increases 
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Nitrogen oxide emissions show little change 
from 2010 to 2035 in the Reference case 

Power plant emissions of sulfur dioxide are 
reduced by further environmental controls 
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In the AE02072 Reference case, SO2 emissions from the U S 
electric power sector fall from 5 1 million short tons in 2010 to  a 
range of 1 3 to 1 7 million short tons in the 2015-2035 projection 
period The reduction occurs in response to the EPAs Cross- 
State Air Pollution Rule (CSAPR) and Mercury and Air Toxics 
Standards (MATS) [I381 Although SO2 is not directly regulated 
by the MATS, the reductions are achieved as a result of the 
technology requirements for acid gas and non-mercury metal 
controls on coal-fired power plants AE02072 assumes that, in 
order to continue operating, coal plants must have either flue 
gas desulfurization (FGD) or dry sorbent injection (DSI) sys- 
tems installed by 2015 Both technologies, which are used to 
reduce acid gas emissions, also reduce SO2 emissions 

EIA assumes a 95-percent SO2 removal efficiencyfor FGD units 
and a 70-percent SO2 removal efficiency for DSI systems DSI 
systems can achieve 70-percent efficiency when they include a 
baghouse filter, which also is assumed to be needed for compli- 
ance with the non-mercury metal component of the MATS 

From 2010 to 2035, approximately 4 8  gigawatts of coal-fired 
capacity is retrofitted wi th FGD units in the Reference case, 
and another 58 gigawatts is retrofitted with DSI systems By 
2015, all operating coal-fired power plants are assumed to 
have either DSI or FGD systems installed on units larger than 
25 megawatts As a result, after a 75-percent decrease from 
2010 to 2015, SOz emissions increase slowly from 2016 to 
2035 (Figure 123), as total electricity generation from coal- 
fired power plants increases 
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Annual emissions of NOx from the electric power sector, which 
totaled 2 1 million short tons in 2010, range between 1.8 and 
2 0 million short tons from 2015 to 2035 (Figure 124). Annual 
NOx emissions from electricity generation dropped by 43 per- 
cent from 2 0 0 5  to 2010 due to implementation of the Clean 
Air Interstate Rule (CAIR), which led to the installation of addi- 
tional NOx pollution control equipment. 

In the AE020I2 Reference case, NOx emissions are 5 percent 
below 2010 levels in 2035, despite a 2-percent increase in coal- 
fired electricity generation over the same period. The drop in 
emissions is a result primarily of CSAPR [739], which includes 
both annual and seasonal cap-and-trade systems for NOx in 28  
States. A slight rise in NOx emissions after 2015 corresponds to  
a recovery in coal-fired generation as natural gas prices rise in 
the later years of the projection period 

The MATS does not have a direct effect on NOx emissions, 
because none of the potential technologies required to com- 
ply with MATS has a significant impact on NOx emissions. 
However, because MATS contributes to a reduction in coal- 
fired generation overall, it indirectly reduces NOx emissions in 
the power sector in States without CSAPR where coal- and oil- 
fired units are used. 

Coal-fired power plants can be retrofitted with one of three 
types of NOx control technologies: selective catalytic reduction 
(SCR), selective noncatalytic reduction (SNCR), or low-NOx 
burners. The type of retrofit used depends on the specific char- 
acteristics of the plant, including the boiler configuration and 
the type of coal used. From 2010 to 2035, 28 gigawatts of coal- 
fired capacity is  retrofitted with NOx controls in the Reference 
case: 69 percent with SCR, 3 percent with SNCR, and 29 per- 
cent with low-NOx burners 

U S. Energy Information Administration I Annual Energy Outlook 2012 101 



Exhi bi t-R W -6 

Links current. as of June 2012 
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In the recessions highlighted in Figure 46, percentage 
changes in annual GDP relative to the previous year were 
nega t ive 

The industrial sector includes manufacturing, agriculture, 
construction, and mining The energy-intensive manufac- 
turing sectors include food, paper, bulk chemicals, petro- 
leum refining, glass, cement, steel, and aluminum 

Energy expenditures relative to GDP are not the energy 
share of GDP, because they include energy as an intermedi- 
ate product The energy share of GDP corresponds to the 
share of value added by domestic energy-producing sectors, 
excluding the value of energy as an intermediate product 

S C Davis, S W Diegel, and R G Boundy, Transportation 
Energy Databook Edition 30, ORNL-6986 (Oak Ridge, T N  
June 2011), Chapter 4, "Light Vehicles and Characteris- 
tics, " we bsi t e 

The AE02012 Reference case does not include the pro- 
posed LDV GHG and fuel economy standards published 
by the EPA and NHTSA in December 2011 (See "2017 
and Later Model Year Light-Duty Vehicle Greenhouse Gas 
Emissions and Corporate Average Fuel Economy Stan- 

toward compliance 

U S Environmental Protection Agency and National High- 
way Transportation Safety Administration, "2017 and Later 
Model Year Light-Duty Vehicle Greenhouse Gas Emis- 
sions and Corporate Average Fuel Economy Standards, 

49 CFR Parts 523,531, 533,536, and 537 

U 5. Environmental Protection Agency and National High- 
way Traffic Safety Administration, "Greenhouse Gas Emis- 
sions Standards and Fuel Efficiency Standards for Medium- 
and Heavy-Duty Engines and Vehicles, Final Rule," Federal 

r 

The factors that influence decisionmaking on capacity 
additions include electricity demand growth, the need to 
replace inefficient plants, the costs and operating efficien- 
cies of different generation options, fuel prices, State RPS 
programs, and the availability of Federal tax credits for 
some technologies 

The 24 gigawatts include the 112 gigawatt Watts Bar 2 
I 

131 Unless otherwise noted, the term "capacity" in the discus- 
sion of electricity generation indicates utility, nonutility, 
and CHP capacity Costs reflect the average of regional 
costs 

132 For detailed discussion of levelized costs, see U S Energy 
Information Administration, "Levelized Cost of New Genera- 
tion Resources in the Annual Energy Outlook 2012," website 

133 U S Environmental Protection Agency, "EPA Finalizes 
Regulations for the National Renewable Fuel Standard Pro- 
gram for 2010 and Beyond," EPA-420-F-10-007 (Wash- 

134 U S Environmental Protection Agency, "EPA Finalizes 2011 
Renewable Fuel Standards," EPA-420-F-10-056 (Wash- 
ington, DC November 2010), website 

135 

136 ElSA2007, Section 211(0)(7) of the Clean Air Act 

137 U S Environmental Protection 
gasoline and ethanol)," website 

138 U S Environmental Protection Agency, "Mercury and Air 
Toxics Standards," website 

139 U S Environmental Protection 
Pollution Rule (CSAPR)," website 
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Energy Information Administration (EIA) and other contributors have endeavored to  make these projections as objective, reliable, and 
useful as possible; however, they should serve as an adjunct to, not a substitute for, a complete and focused analysis of public policy 
initiatives. None of the EIA or any of the other contributors shall be responsible for any loss sustained due to  reliance on the information 
included in this report. 
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Only IHS Global Insight (IHSGI) produces a comprehensive energy projection with a time horizon similar to that of the Annual 
Energy Outlook 2072 (AE02072) Other organizations, however, address one or more aspects of the U S energy market The most 
recent projection from IHSGI, as well as others that concentrate on economic growth, international oil prices, energy consumption, 
electricity, natural gas, petroleum, and coal, are compared here with the AE02072 Reference case 

The range of projected economi'c growth in the outlooks included in the comparison tends to be wider over the first 5 years of 
the projection period than over a longer period, because the group of variables-such as population, productivity, and labor force 
growth-that are used to  influence long-run economic growth is smaller than the group of variables that affect projections of short- 
run growth The average annual rate of growth of real gross domestic product (GDP) from 2010 to 2015 (in 2005 dollars) ranges 
from 2 4 percent to 3 4 percent (Table 22) From 2010 to 2020, the 10-year average annual growth rate ranges from 2 5 percent 
to 3 1 percent 

From 2010 to 2015, real GDP is projected to grow at a 2 5-percent average annual rate in the AE02072 Reference case, lower 
than projected by the Office of Management and Budget (OMB), Congressional Budget Office (CBO), Blue Chip Consensus (Blue 
Chip), Social Security Administration (in Tbe2077AnnualReport of the Boardof Trustees ofthe Federal Old-Age and Survivors lnsurance 
and federal Disability Insurance Trust funds), ExxonMobil, and the Interindustry Forecasting Project at the University of Maryland 
(INFORUM) and higher than projected by Strategic Energy and Economic Research, Inc (SEER) The AE020I2 projection of GDP 
growth is similar to  the IHSGl average annual rate of 2 5 percent over the same period 

The average annual GDP growth of 2 5 percent in the AEO2OI2 Reference case from 2010 to 2020  is at the low end of the range 
of outlooks, with OMB, INFORUM, and the Social Security Administration projecting the strongest recovery from the 2008-  
2 0 0 9  recession INFORUM projects average annual GDP growth of 3 1 percent from 2010 to  2020, while OMB and the Social 
Security Administration project annual average growth of 3 0 percent over the same period The CBO, ExxonMobil, Blue Chip, 
the International Energy Agency's (IEA) November 2011 World Energy Outlook Current Policies Scenario, and SEER also project 
higher growth than the AE02072 Reference case from 2010 to 2020, ranging between 2 6 and 2 8 percent per year over the next 
10 years 

There are few public or private projections of GDP growth for the United States that extend to 2035 The AE02012 Reference 
case projects 2 5-percent average annual GDP growth from 2010 to  2035, consistent with trends in labor force and productivity 
growth IHSGI, ExxonMobil, and the Social Security Administration project GDP growth averaging 2 5 percent per year from 2010 
to 2035, and INFORUM (at 2 7 percent) and SEER (at 2 8 percent) project higher GDP growth than in the AE02072 Reference 
Case over the same period IEA projects a slightly lower rate of 2 4 percent per year from 2010 to 2035 

In the AE02072 Reference case, oil prices [West Texas Intermediate (WTI)] rise from $79 per barrel in 2010 to  about $117 per 
barrel in 2015 and $127 per barrel in 2020 (Table 23) From the 2020  level, prices increase slowly to $145 per barrel in 2035 This 
price trend is slightly higher than the trend shown in last year's AE02077 Reference case 

Average annual percentage growth rates 

Projection 

AEOZff12 (Reference case) 

2 0  10-20 15 2010-2020 20.20-2a35 

2 5  2 5  2 6  

AEOZff11 (Reference case) 3 0  2 8  2 6  

IHSGI (November 2011) 2 5  2 5  2 5  

3 1  3 0  _- OMB (January 2012Y 
2 7  2 8  __ CBO (January 2012Y 

INFORUM (January 2012) 3 4  3 1  2 4  

Social Security Administration (August 201 1) 3 3  3 0  2 1  

IEA (2011)b -- 2 6  2 4  

2 6  2 6  __ Blue Chip Consensus (October 20ll Ia  

ExxonMobil 2 7  2 7  2 3  

SEER 2 4  2 7  2 8  

-- = not reported 
WMB, CBO, and Blue Chip forecasts end in 2022, and growth rates cited are for 2010-2022 
blEA publishes U S growth rates for certain intervals 2009-2020 growth is 2 6 percent, and 2009-2035 growth rate is 2 4 percent 

2 a  1 0 -2035  

2 5  

2.7 

2.5 
_- 
__  

2 7  

2.5 

2 "4 

~- 

2 5  
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Market volatility and different assumptions about the future of the world economy are reflerted in the range of price projections for 
both the short term and the long term, however, most projections show prices rising over the entire course of the projection period 
The projections range from $82 per barrel to $117 per barrel in 2015 (a span of $35 per barrel) and from $98 per barrel to  $145 per 
barrel in 2035 (a span of $47 per barrel) The wide range underscores the uncertainty inherent in the projections The range of the 
projections is encompassed in the range of the AE02072 Low and High Oil Price cases, from $58 per barrel to $182 per barrel in 
2015 and from $62 per barrel to $200 per barrel in 2035 

The measure of oil prices is, by and large, comparable across projections EIA reports the price of low-sulfur, light crude oil, 
approximately the same as the WTI price widely cited in the trade press The only series that do not report projections in WTI 
terms are IEA, with prices in the Current Policies Scenario expressed as the price of imported crude oil, and INFORUM, with prices 
expressed as the average U 5 refiner acquisition cost (RAC) of imported crude oil 

Five prolections by other organizations-INFORUM, IHSGI, ExxonMobil, IEA, and BP-include energy consumption by sector To 
allow comparison with the IHSGI projection, the AE02072 Reference case was adjusted to  remove coal-to-liquids (CTL) heat 
and power, biofuels heat and co-products, and natural gas feedstock use To allow comparison with the ExxonMobil projection, 
electricity consumption in each sector was removed from the AE02072 Reference case projections To allow comparison with the 
IEA and BP projections, the AE02072 Reference case projections for the residential and commercial sectors were combined to  
produce a buildings sector projection EP does not include the electric power sector in i t s  projection for total energy consumption, 
however, it does include conversion losses that allow comparison on the basis of total energy consumption The IEA projections 
have a base year of 2009, as opposed to 2010 in the other projections, and BP's projections extend only through 2030, not 2035 

Total energy consumption is higher in all projection years in both the IHSGI and INFORUM projections than in the AE02072 
Reference case ExxonMobil, IEA, and BP show lower total energy consumption in al l  years (Table 24) ExxonMobil and BP include a 
cost for carbon dioxide (COz) emissions in their outlooks, which helps to explain the lower level of consumption in those outlooks 
While the IEA reference case also includes a cost for COz emissions, the IEA Current Policies Scenario (which assumes that no 
new policies are added to those in place in mid-2011) was used for comparison in this analysis, because it corresponds better with 
the assumptions in AE02072 

The INFORUM projection of total energy consumption in 2035 is almost 8 quadrillion Btu higher than the AE020I2 Reference case 
projection, with the industrial and electric power sectors each about 2 quadrillion Btu higher and the transportation sector about 
3 quadrillion Btii higher For the transportation sector, the difference appears to result from a higher number of light-duty vehicle 
miles traveled in the INFORUM results, which offsets slightly higher motor gasoline prices in the INFORUM projection Vehicle 
efficiency is essentially the same in the INFORUM and AE02072 projections INFORUM also projects higher revenue passenger- 
miles for air travel than AE02012 Diesel prices are lower in the INFORUM projection, which leads to higher demand (about 1 
quadrillion Btu) than in AE02012 In the industrial sector, INFORUM projects industrial shipments in 2035 that are approximately 
1 5 times the level of those in theAE02072 Reference case, which helps to explain the higher level of industrial energy consumption 
in the INFORUM projection relative to AE02072 

IHSGI projects significantly higher electricity consumption for all sectors than in the AE02012 Reference case, which helps to  
explain much of the difference in total energy consumption between the two projections In the IHSGl projection, the electric 
power sector consumes 13 quadrillion Btu more energy in 2035 than in the AE02012 Reference case The greater use of electricity 
in the IHSGI projection, incltiding 3 0 0  trillion Btu used by electric vehicles, also results in higher electricity prices than in the 
AE02072 Reference case 

Projection 2015 2020 2025 2030 

AEOZOlZ 
(Reference case) 116 91 126 68 132.56 138 49 

AEOZOJJ 
(Reference case) 95 41 109 05 118 57 124 17 

EVA 8224 8475 8907 9478 

IEA (Current 
Policies Scenario) 106 30 118 10 127 30 134.50 

INFORUM 9178 10584 11335 117.83 

Although there are differences in energy consumption by 
sector between the ExxonMobil and EP projections, in both 
cases total energy consumption declines from 2010 levels and 
is lower than in the AE02072 Reference case. The difference 
appears to result primarily from the inclusion of a tax on GOz 
emissions in both the ExxonMobil and BP projections, which is 
not considered in theAE02072 projection. Energy consumption 
in the transportation sector declines from 2010 levels in both 
the ExxonMobil and BP projections, driven by policy changes 
and technology improvement; however, BP projects a much 
larger drop in transportation energy consumption, a total of 
4 quadrillion Btu (or four times the decline in the ExxonMobil 
projection) between 2010 and 2030. 

2035 

144.98 

126.03 

'02"" 

140.00 

1 16.76 

IHSGI 99 16 72.89 87.19 95.65 98.08 Although energy consumption in all sectors in the IEA 
Purvin & Gertz 98.75 103.77 106.47 107.37 107.37 projection is higher in 2035 than in 2010, energy consumption 

SEER 
in the transportation and industrial sectors declines from 
2020 to 2030, by less than 1 quadrillion Btu in each sector 

94 2o lo' 57 IO7 l 3  ' I 1  26 12' 94 
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IEA projects little change for energy use in those two  sectors from 2030  to 2035, with industrial energy consumption declining 
very slowly and transportation energy consumption increasing very slightly IEA projects total energy consumption that is higher 
than BP in 2030  and higher than ExxonMobil in 2035 but considerably lower than in the AE02Ol2 Reference case 

Table 25 compares summary results for the electric power sector from the AE02072 Reference case with projections by Energy 
Ventures Analysis (EVA), IHSGI, and INFORUM In 2015, total electricity sales range from a low of 3,753 billion kilowatthours 
in the AEOZO12 Reference case to a high of 4,173 billion kilowatthours in the IHSGl projection IHSGI shows higher sales across 

Sector 

Residential 

Residential excluding electricity 

Commercial 

Commercial excluding electricity 

Buildings sector 

Industrial 

Industrial excluding electricity 

Lossesb 

Natural gas feedstocks 

Industrial removing losses and feedstocks 

Transportation 

Electric power 

Less: electricity demandc 

Electric power losses 

Total primary energy 

Excluding lossesb and feedstocks 

Residential 

Residential excluding electricity 

Commercial 

Commercial excluding electricity 

Buildings sector 

Industrial 

Industrial excluding electricity 

Lossesb 

Natural gas feedstocks 

Industrial removing losses and feedstocks 

Transportation 

Electric power 

Less electricity demandc 

Electric power losses 

Total primary energy 

Excluding lossesb and feedstocks 

-- = not reported 
See notes at end of table 
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Reference INFORUM IHSGI ExxonMobil 
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9 5  

4.3 
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27 4 
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_- 

29 0 

41.6 

13 6 

28.0 

-- 
95.8 

2020 

11.8 

5 8  

9 5  

4.0 

21.3 
_ _  
_ _  
-- 
_- 

22.5 

27 4 

48 6 

15 7 
_- 

94.0 

_- 

99.3 
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IEA BP 

85.7a 90.7 

-- _ _  
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_ _  __  
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all sectors in 2015 in comparison with the other projections Total electricity sales in 2035 in the IHSGI projection (5,652 billion 
kilowatthours) are higher than in the others 4,415 billion kilowatthours in the AE02072 Reference case, 4,483 billion kilowatthours 
in the INFORUM prolection, and 4,726 billion kilowatthours in the EVA projection Although IHSGI projects higher electricity sales 
in all sectors in 2035, the largest percentage differences between the IHSGI and other projections are in the industrial sector 
Electricity sales in the industrial sector in 2035 in the IHSGI projection are 1,387 billion kilowatthours, as compared with 977 billion 
kilowatthours in the AE02012 Reference case, 941 billion kilowatthours in the EVA projection, and 968 billion kilowatthours in the 
INFORUM projection 

Sector 

Residential 

Residential excluding electricity 

Commercial 

Commercial excluding electricity 

Buildings sector 

Industrial 

Industrial excluding electricity 

Lossesb 

Natural gas feedstocks 

Industrial removing losses and feedstocks 

Transportation 

Electric power 

Less electricity demand' 

Electric power losses 

Total primary energy 

Excluding lossesb and feedstocks 

Residential 

Residential excluding electricity 

Commercial 

Commercial excluding electricity 

Buildings sector 

lndust rial 

Industrial excluding electricity 

Lossesb 

Natural gas feedstocks 

Industrial removing losses and feedstocks 

Transportation 

Electric power 

Less: electricity demand' 

Electric power losses 

Total primary energy 

Excluding lossesb and feedstocks 

AEOZO I2 
Reference 

11 7 

6 2  

9 9  

4 4  

21 6 

26 1 

22 7 

2 4  

0 5  

23 3 

27 9 

43 2 

14 5 

28 7 

104.3 

101.5 

11 9 

6 1  

10 3 

4 5  

22 2 

26 9 

23 6 

3 2  

0 4  

23 3 

28 6 

44.2 

15 1 

29 2 

106.9 

103.3 

INFORUM 

11 6 

6 3  

10 6 

4 5  

22 1 

28 8 

25 3 
_ _  
__  
_- 

30 7 

45 0 

14.8 

30 1 

111.8 

-- 

11 7 

6 2  

11 1 

4 6  

22 8 

29 1 

25 7 
_- 
_- 
-_ 

31.9 

46 2 

15 3 

30 8 

114.7 
__  

IHSGI ExxonMobil 

2030 

12 6 

5 7  

10 4 

4 0  

23 0 
-_ 
-- 
-- 
-- 

23 0 

27 5 

54 3 

18 1 
_- 
-- 

109.7 

2035 

13 0 

5 5  

10 8 

4 0  

23 8 
_ _  
-- 

_- 
_- 

23 3 

27 8 

57 2 

19 3 
-- 
-- 

112.7 

I EA 

92.0 

-- 
93.4 

.- 
-- not reported 
?EA data are for 2009 
bLosses in CTL and biofuel production 
'Energy consumption in the sectors includes electricity demand purchases from the electric power sector, which are subtracted to avoid double 
counting in deriving total primary energy consumption 
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Projection 

Average end-use price (2010 cents per kilowatthour)a 

Residential 

Commercial 

Industrial 

Total generation plus imports 

Coal 

Pet role urn 

Natural gasb 

Nuclear 

Hydroelectric/otherc 

Net imports 

Electricity sales 

Residential 

Corn me rc ia I/o t he r 

Industrial 

Capacity, including CHP (gigawatts)€ 

Coal 

Oil and natural gas 

Nuclear 

H y d roe1 ec t rr c/o t her' 

Average end-use price (2010 cents per kilowatthour)a 

Residential 

Commercial 

Industrial 

Total generation plus imports 

Coal 

Petroleum 

Natural gasb 

Nuclear 

Hydroelectric/otherc 

Net imports 

Electricity sales 

Residential 

Commercial/otherd 

Industrial 

Capacity, including CHP (grgawattsIe 

Coal 

Oil and natural gas 

Nuclear 

Hydroelectric/other' 

- -  = not reported 
See notes at end of table 

2 0  10 

9 8  

11 5 

10 I 
6 7  

4,152 

1,851 

37 

982 

807 

449 

26 

3,749 

1,451 

1,336 

962 

1,036 

318 

459 

101 

158 

9 8  

11 5 

10 1 

6.7 

4,152 

1,851 

37 

982 

807 

449 

26 

3,749 

1,451 

1,336 

962 

1,036 

318 

459 

101 

158 

AE02012 
Reference case 

9 7  

I 1  8 

9 9  

6 5  

4,181 

1,581 

28 

1,130 

830 

583 

29 

3,753 

1,392 

1,354 

1,008 

1,042 

286 

464 

104 

188 

9 7  

11 6 

9 9  

6 7  

4,578 

1,786 

29 

1,140 

917 

683 

22 

4,090 

1,533 

1,525 

1,032 

1,091 

282 

493 

115 

201 

Other projections 

IHSGI INFORUM EVA 

2015 
_- 

12 8 
11 5 

7 9  

4,053 

1,591 
-- 

1,090 

827 

515 

29 

3,921 

1,481 

1,414 

1,025 

1,094 

289 

514 

106 

185 

2025 
-- 

13.2 

11 7 

8 0  

4,514 

1,653 
_- 

1,335 

870 

629 

27 

4,298 

1,650 

1,679 

969 

1,119 

267 

51 8 

110 

224 

I O  2 -- 
12 0 10 5 

10 7 9 3  

7.0 6 2  
4,611 _ _  
1,905 -- 

45 -- 
1,223 -- 

839 -- 
576 -- 

24 -- 

4,173 3,854 

1,563 1,365 

1,489 1,438 

1,121 1,051 
1,101 -- 

309 _ _  
49 1 -_ 
104 _- 
197 __  

I O  9 _- 

12.8 10 5 

11 4 9 3  

7.4 6 2  
5,417 __ 
1,774 -- 

45 _ _  
1,760 _- 

918 -_ 
896 _ _  
25 

4,942 

1,887 

1,793 

1,261 

1,274 

283 

566 

114 

312 

_ _  
4,167 

1,468 

1,660 

1,039 
_- 
_ _  
-_ 
__  
-- 

(continued on next page) 
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Only IHSGI and the AE02012 Reference case provide average electricity price projections through 2035 Average electricity prices 
in the AE02012 Reference case are 9 8 cents per kilowatthour in 2010 and 9 7 cents per kilowatthour in 2015 and 2025 before 
reaching 10 1 cents per kilowatthour in 2035 In the IHSGI projection, the average electricity price rises continuously (with the 
exception of a small decrease from 2017 to 2018), from 9 8 cents per kilowatthour in 2010 to  10 2 cents in 2015, 10 9 cents in 
2025, and 12 1 cents per kilowatthour in 2035 
In all the projections, average electricity prices by sector follow patterns similar to changes in the weighted average electricity 
price across all sectors (including transportation services) The lowest prices by sector in 2015 are in the INFORUM projection 
(10 5 cents per kilowatthour in the residential sector, 9 3 cents per kilowatthour in the commercial sector, and 6 2 cents per 
kilowatthour in the industrial sector) The highest average electricity prices by sector in 2015 are in the EVA projection (12 8 cents 
per kilowatthour in the residential sector, 11 5 cents per kilowatthour in the commercial sector, and 7 9  cents per kilowatthour in 
the industrial sector) 

In the AE02012 Reference case, electricity prices for the residential sector are 11 8 cents per kilowatthour in both 2015 and 2035, 
electricity prices for the commercial sector increase from 9 9  cents per kilowatthour in 2015 to 10 1 cents per kilowatthour in 
2035, and electricity prices for the industrial sector increase from 6 5 cents per kilowatthour in 2015 to 71 cents per kilowatthour 
in 2035 When compared with the AE02012 Reference case prices in 2035, the largest difference is with the IHSGI projection 
The IHSGI price projections are much higher than those in the AEO2Ol2 Reference case IHSGI shows real electricity prices rising 
to 14 3 cents per kilowatthour for the residential sector, 12 5 cents per kilowatthour for the commercial sector, and 8 1 cents per 
kilowatthour for the industrial sector in 2035 

Projection 

Average end-use price (2010 cents per kilowatthour)a 

Residential 

Commercial 

Industrial 

Total generation plus imports 

Coal 

Pet role urn 

Natural gasb 

Nuclear 

Hydroelectric/otherc 

Net imports 

Electricity sales 

Residential 

Comrnercial/otherd 

Industrial 

Capacity, including CHP (gigawatts)e 

Coal 

Oil and natural gas 

Nuclear 

Hydroelectric/other' 

- -  = not reported 
aAverage end-use price includes the transportation sector 

AEQ2012 
2010 Reference case 

Other projections 

EVA IHSGI 

9 8  

11  5 

10 1 

6 7  

4,152 

1,851 

37 

982 

807 

449 

26 

3,749 

1,451 

1,336 

962 

1,036 

318 

459 

101 

158 

10 1 

11 8 

10 1 

7 1  

5,004 

1,897 

30 

1,398 

887 

780 

12 

4,415 

1,718 

1,721 

977 

1,190 

285 

568 

111 

226 

12 1 

14 3 

12 5 

8.1 

6,199 

1,618 

45 

2,354 

1,030 

1,124 

28 

5,652 

2,178 

2,088 

1,387 

1,450 

262 

665 

128 

396 

blncludes supplemental gaseous fuels For EVA, represents total oil and natural gas 
c"Other" includes conventional hydroelectric, pumped storage, geothermal, wood, wood waste, municipal waste, other biomass, solar and wind 

d"Other" includes sales of electricity to government and other transportation services 
'ElA capacity is net summer capacity, including CHP plants 
'"Other" includes conventional hydro, geothermal, wood, wood waste, all municipal waste, landfill gas, other biomass, solar, wind power, pumped 
storage, and fuel cells 

power, batteries, chemicals, hydrogen, pitch, purchased steam, sulfur, petroleum coke, and miscellaneous technologies 
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Total electricity generation plus imports in 2015 ranges from a low of 4,053 billion kilowatthours in the EVA projection to a high 
of 4,611 billion kilowatthours in the IHSGl projection, compared with 4,181 billion kilowatthours in the A E 0 2 0 7 2  Reference case. 
Although coal represents the largest share of generation in 2015 in all the projections, the natural gas share of total generation 
grows from 2015 to 2035 in all the projections, particularly IHSGI. In the IHSGl projection, coal has a 33-percent share of total 
generation in 2025, and the natural gas share is 32 percent. IHSGI shows natural gas overtaking coal as a share of total generation 
by 2035 as a result of the carbon tax assumed in the IHSGI projection and the need to replace existing units that are uneconomical 
or are being retired for various regulatory or environmental reasons In 2035, the coal share in the IHSGI projection is 26 percent 
of total generation, and the natural gas share is  38 percent. In the A E 0 2 0 7 2  Reference case, which does not include a carbon tax, 
the coal share also decreases but only to 38 percent of total generation, while the natural gas share increases to  28 percent 

Nuclear generation in 2015 rangesfrom a low of 827 billion kilowatthours in the EVA projection to a high of 839 billion kilowatthours 
in the IHSGI projection From 2015 to 2025, EVA projects a 5-percent increase in nuclear generation, to 870 billion kilowatthours 
IHSGI and A E 0 2 0 7 2  project increases of 9 percent and 10 percent, respectively. In the IHSGI projection, nuclear generation totals 
1,030 billion kilowatthours in 2035, a 12-percent increase from 2025 The AEO2OI2  Reference case shows nuclear generation 
declining to 887 billion kilowatthours in 2035, a 3-percent decrease from 2025, as units are retired when they reach the end of 
their useful generation lifetimes 

Total generating capacity by fuel in 2015 is relatively similar across the projections, ranging from 1,042 gigawatts in the A E 0 2 0 7 2  
Reference case to 1,101 gigawatts in the IHSGI projection, but IHSGI shows a much larger decrease in capacity in 2025 IHSGI 
projects more aggressive growth in total generating capacity, due to what appears to be a much higher demand projection 
Natural gas and oil-fired capacity grows to 566  gigawatts in 2025 in the IHSGl projection, compared with 493 gigawatts in 
A E 0 2 0 7 2  and 518 gigawatts in the EVA projections Hydroelectric/other capacity grows to 312 gigawatts in 2025 in the IHSGI 
projection, higher than the 201 gigawatts in A E 0 2 0 7 2 .  The faster growth in natural gas and hydroelectric/other capacity in the 
IHSGI projection continues through 2035 Natural gas and oil-fired capacity grows to 665 gigawatts in 2035, and hydroelectric/ 
other capacity grows to 396  gigawatts in 2035 in the IHSGI projection By comparison, natural gas and oil-fired capacity grows to 
568  gigawatts and hydroelectric/other capacity grows to 226 gigawatts in the A E 0 2 0 1 2  Reference case in 2035 

The projections of natural gas consumption, production, imports, and prices (Table 26) vary significantly as a result of differences in 
assumptions For example, the A E 0 2 0 1 2  Reference case assumes that current laws and regulations remain unchanged throughout 
the projection period (including the implication that laws which include sunset dates do, in fact, become ineffective at the time 
of those sunset dates), whereas the other projections may include anticipated policy developments over the next 25 years In 
particular, the A E 0 2 0 7 2  Reference case does not assume changes in COZ emissions policies. 

Each of the projections shows an increase in overall natural gas consumption from 2010 to 2035, with the IHSGl projection 
showing the largest increase, 39 percent. The ExxonMobil projection includes an increase of around 2 0  percent The EVA 
projection shows an increase of 26 percent from 2010 to 2030  (EVA does not extend to 2035). Total natural gas consumption in 
the A E 0 2 0 7 2 ,  Deloitte, and SEER projections increases from 2010 to 2035, wi th total natural gas consumption growing from 4 to  
31 percent IHSGI shows the largest increase and INFORUM the smallest. The IHSGl projection for total natural gas consumption 
in 2035 is 3 6  percent higher than the INFORUM projection. In the AEO2OI2 Reference case, total natural gas consumption grows 
by 5 percent from 2015 to 2035 

The IHSGl and ExxonMobil projections for natural gas consumption by electricity generators are much higher than the other 
projections shown in Table 26. In 2035, natural gas consumption by electricity generators in the IHGSl projection is more 
than double the consumption projected by INFORUM, and the ExxonMobil projection is 77 percent higher than the INFORUM 
projection. The A E 0 2 0 7 2  Reference case, SEER, and INFORUM projections show similar levels of natural gas consumption in 
the electricity generation sector in 2035, with average annual growth of '1 percent or less across the projection period, while 
consumption grows by an average of 3 percent in the ExxonMobil and IHSGl projections. The slower rate of growth in the A E 0 2 0 7 2  
Reference case reflects relatively slower growth in electricity consumption and faster growth in renewable energy consumption 
than in the other projections. 

industrial natural gas consumption is similar across the projections, but with more rapid growth projected by EVA, Deloitte, and 
INFORUM. Natural gas consumption increases by 23 percent from 2010 to 2030  in the EVA projection and by 23 percent and 
11 percent, respectively, from 2010 to 2035 in the INFORUM and Deloitte projections. All of the growth in industrial natural gas 
consumption in the Deloitte and INFORUM projections is between 2010 and 2015. In the A E 0 2 0 7 2  Reference case, in contrast, 
industrial natural gas consumption grows by 6 percent from 2010 to 2035. In the ExxonMobil projection, industrial natural gas 
consumption remains constant over the projection period; in the IHSGI projection industrial natural gas consumption falls from 
2010 to  2035, and in the INFORUM, SEER, and Deloitte projections, after an initial increase, industrial natural gas consumption 
declines from 2015 to  2035 

The levels of commercial sector natural gas consumption are similar across the projections, but projections for the residential 
sector vary significantly [7401. Three of the seven projections (INFORUM, Deloitte, and EVA) show similar growth in residential 
consumption through 2030, and INFORUM and Deloitte are similar through 2035; however, the IHSGI and A E 0 2 O l 2  projections 
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show larger declines in residential consumption of natural gas from 2010 to 2035 (11 percent and 6 percent, respectively) The 
SEER projection for residential natural gas consumption shows a decrease of 4 percent from 2015 to 2025, then a partial recovery 
by 2035 

Projection 

Dry gas productiona 

Net imports 

Pipeline 

LNG 

Consumption 

Residential 

Commercial 

Industriale 

Electricity generators' 

Othersg 

Henry Hub spot market price 
(2010 dollars per million Btu) 

End-use prices 
(2010 dollars per thousand cubic feet) 

Residential 

Commercial 

I nd ust r ia 1'' 

Electricity generators 

Dry gas productiona 

Net imports 

Pipeline 

LNG 

Consumption 

Residential 

Commercial 

Industriale 

Electricity generators' 

Other+ 

Henry Hub spot market price 
(2010 dollars per million Btu) 

End-use prices 
(2010 dollars per thousand cubic feet) 

Residential 

Commercial 

Industrialh 

Electricity generators 

- -  = not reported 
See notes at  end of table 

2010 

21 58 

2.58 

2 21 

0 37 

24.13 

4 94 

3 20 

6 60 

7 38 

2 01 

4 39 

11 36 

9 32 

5 65 

5 25 

21 58 

2.58 

2 21 

0 37 

24.13 

4 94 

3 20 

6 60 

7.38 

2 01 

4 39 

AEOZOlZ 
Reference 

case 

23 65 

I .73 

1 56 

0 16 

25.39 

4 85 

3 33 

7 01 

8 08 

2 12 

4 29 

10 56 

8.82 

5 00 

4 65 

26 28 

-0.79 

-0 13 

-0 66 

25.53 

4.76 

3.44 

7.14 

7.87 

2.31 

5.63 

IHSGl 

23 81 

1.62 

25.52 

4 64 

3 10 

6 64 

9 02 

2 11 

4 75 

11 82 

9 88 

6 95 

5.20 

27 23 

2.1 3 

29.39 

4.53 

3 15 

6.52 

12 78 

2.42 

4 82 

EVA 

23.80 

2.20 

1 80 

0 40 

26.60 

4.90 

3 20 

7 00 

9 30 

2 20 

4 07 

26.70 

1.30 

0 90 

0 40 

29.00 

5.00 

3 30 

7 70 

10 50 

2.50 

6 47 

Other projections 

Deloitte 

2015 

24 52 

1.30 

1.22 

0.08 

24.07b 

4 86 

3 23 

7 51 

8 46 
_ _  

4 25 

-- 
-_ 

_ _  
2025 

27.32 

0.38 

0.29 

0 09 

26.36b 

5 05 

3 46 

7 58 

10.27 
_- 

5.80 

SEER 

23.66 

1.73 

1 56 

0 16 

26.05 

4 91 

3 41 

7 64 

8 06 

2 04 

4 28 

11 68 

8 31 

4 63 

5 17 

25 88 

0.29 

1 03 

-0 74 

27.10 

4 71 

3 53 

7 47 

9 27 

2 12 

6 29 

ExxonMobil 

24 00 

1.20 

-- 

-- 
25.00' 

8 OOd 

__ 
8 00 

9 00 

_- 

-- 
-_ 

-- 

27 00 

1.50 

2 9 . W  

8 OOd 

__  
8 00 

13 00 

-- 

INFORUM 

24 29 
-- 
-_ 

-- 
23.6Ib 

4 87 

3 43 

8 19 

7 12 
-_ 

-- 

-- 
-- 
-_ 

-- 

27 57 
*- 

-_ 

-- 
23.43b 

4 90 

3 60 

8 20 

6 74 
_- 

_ _  

1 1.36 12.33 11.70 -- -- 14.40 _- _- 
9 32 10.27 9.81 -_ -- 10.68 -- ._ 
5 65 6 19 6.99 -- _ _  6 96 -- -_ 
5 25 5.73 5 28 __ _- 7 47 _ _  -_ 
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With the exception of ExxonMobil, which shows a decline in U S production of domestic natural gas between 2030  and 2035, 
all the projections show increasing U S production of domestic natural gas over the projection period, although at different rates 
The highest level of natural gas production is projected by IHSGI, exceeding the ExxonMobil projection by 21 percent in 2035 
Coupled with a significant decline in net pipeline imports, SEER, INFORUM, and the AE02072 Reference case project a strong 
increase in the share of total U S natural gas supply accounted for by domestic production The other projections show relatively 
stable and similar percentages for the contribution of domestic natural gas production to total supply, with the exception of IHSGI, 
which shows a notable increase in net imports after 2015 In all the projections, with the exception of EVA, net LNG imports 
remain below the 2010 level of 0 4 trillion cubic feet throughout the projection period In all the projections, however, net pipeline 
imports decline from 2010 levels, with AE02072, SEER, and Deloitte projecting more severe declines than EVA (only through 2030  
since EVA does not show 2035) 

The AEO2OJ2 Reference case and SEER show similar levels of natural gas production and Henry Hub spot prices, both with 
increasing production and prices over t ime EVA shows similar levels of natural gas production as the AE02072 Reference case 
through 2025, but higher Henry Hub spot prices IHSGI projects a larger increase in natural gas production but at relatively stable 
prices In 2015, the Henry Hub spot price in the IHSGI projection is 11 percent higher than the price in the SEER projection, however, 
the SEER Henry Hub spot price quickly surpasses the IHSGI price, and it is 5 0  percent higher in 2035 Deloitte, ExxonMobil, and 
INFORUM did not include price projections 

Only IHSGI and SEER included delivered natural gas prices that can be compared with those in the AE02072 Reference case [J41] 
However, there appear to be definitional differences in the projections, based on an examination of 2010 price levels In particular, 

Projection 

Dry gas productiona 

Net imports 

Pipeline 

LNG 

Consumption 

Residential 

Commercial 

lndustrrale 

Electricity generators' 

OthersS 

Henry Hub spot market price 
(2010 dollars per million Btu) 

End-use prices 
(2010 dollars per thousand cubic feet) 

Residential 

Commercial 

Industrialh 

Electricity generators 

--  = not reported 
aDoes not include supplemental fuels 

AEQ2072 
Reference 

2 0 1 ~  case 

21 58 27 93 

2 58 -1.36 

2 21 -0 70 

0.37 -0 66 

24 13 26.63 

4 94 4 64 

3 20 3 60 

6.60 7 00 

7 38 8 96 

2 01 2 43 

4.39 7.37 

11 "36 14.33 

9 32 11 93 

5 65 7.73 

5.25 7 37 

IHSGl EVA 

31 35 
2.36 -_ 

5.13 7.26 

11.81 _- 
9.99 -_ 
7.22 _ _  
5 62 -- 

bDoes not includes lease, plant, and pipeline fuel and fuel consumed in natural gas vehicles 

dNatural gas consumed in the residential and Commercial sectors 
not includes lease, plant, and pipeline fuel 

Other Droiections 
, I  

Deloitte 

2035 

27 87 

0.14 

0 07 

0 08 

27.30b 

5 03 

3 60 

7 31 

11 37 
-_ 

6 63 

-- 
-- 
-_ 
_- 

SEER 

27.00 

-0.46 

0 28 

-0 74 

27.24 

4 80 

3.64 

7 30 

9 37 

2 13 

7 70 

17 15 

13 09 

9.20 

9 75 

ExxonMobil INFORUM 

'Includes consumption for industrial combined heat and power (CHP) plants and a small number of industrial electricity-only plants, and natural 
gas-to-liquids heat/power production; excludes consumption by nonutility generators 

'Includes consumption of energy by electricity-only and CHP plants whose primary business is to sell electricity, or electricity and heat, to the 
public. Includes electric utilities, small power producers, and exempt wholesale generators 
glncludes lease, plant, and pipeline fuel and fuel consumed in natural gas vehicles 
hThe 2010 industrial natural gas price for IHSGI is $6 53 
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the IHSGI industrial delivered natural gas price is difficult to compare The industrial delivered natural gas price for 2010 in the 
IHSGI projection is $0 88 higher than the industrial price for 2010 in the AE02072 Reference case and $1 13 higher than the 2010 
industrial price in the SEER projection (all prices in 2010 dollars per thousand cubic feet) From 2010 to  2035, the delivered price 
for electricity generators increases by 7 percent in the IHSGI projection, by 40 percent in the AEO2072 Reference case, and by 
8 6  percent in the SEER projection The SEER projection also shows the largest increases in residential and commercial delivered 
prices, at 51 percent and 40 percent, respectively, over the same period IHSGI shows the smallest increases in residential and 
commercial delivered prices over the projection period, at 4 percent and 7 percent, respectively The AE02072 Reference case 
projects a 26-percent increase in residential delivered natural gas prices and a 28-percent increase in commercial prices 

In the AE02072 Reference case, the U S RAC for imported crude oil (in 2010 dollars) increases to $113 97 per barrel in 2015, $121 21 
per barrel in 2025, and $132 95 per barrel in 2035 (Table 27) Prices are lower in the INFORUM projection, ranging from $91 78 per 
barrel in 2015 t o  $116 76 per barrel in 2035 BP, EVA, and Purvin & Gertz (P&G) did not report projections of RAC prices 

Domestic crude oil production increases from about 5 5 million barrels per day in 2010 to  a peak of 6 7 million barrels per day in 
2020, then declines to about 6 0 million barrels per day in 2035 in the AEO2072 Reference case Overall, the production level in 2035 
is more than 9 percent higher than the 2010 level The INFORUM projection shows a steady increase in production, to 5 8 million 
barrels per day in 2035 Domestic crude oil production decreases to 3 2 million barrels per day in 2035 in the P&G projection 

Supply from renewable sources increases to about 11 million barrels per day in 2015, almost 1 5 million barrels per day in 2025 
(38 5 percent higher than the 2015 level), and more than 2 3 million barrels per day in 2035 (120 2 percent higher than the 2015 
level) in the AEO2072 Reference case In the BP projection, supplies from renewable sources, on an energy-equivalent basis, 
increase by 4 9  5 percent from 2015 to 2025 BP does not report supplies from renewable sources in 2035, and it is not included 
in the projections by EVA, INFORUM, and P&G 

Prices for both transportation diesel fuel and gasoline increase through 2035 in the AE02012 projection, with diesel prices higher 
than gasoline prices INFORUM projects rising gasoline prices from 2015 levels but decreasing diesel prices, with the gasoline 
price consistently higher than the diesel price The BP, EVA, and P&G projections do not include delivered fuel prices 

Projections from EVA, IHSGI, INFORUM, IEA, ExxonMobil, and BP offer some opportunity to compare other coal outlooks with the 
AEO2072 Reference case Although many of the assumptions used in the other projections are unknown, ExxonMobil does assume a 
carbon tax, and EVA assumes some additional regulations affecting coal use that are not included in current laws Such assumptions 

AEO2072 
Projection 2010 Reference case 

Average U S imported RAG (2010 dollars per barrel) 

Average WTI price (2010 dollars per barrel) 

Domestic production 

Crude oil 

Alaska 

NGL 

Total net imports 

Crude oil 

Products 

Liquids consumption 

Net petroleum import share of liquids supplied (percent) 

Supply from renewable sources 

Transportation product prices (2010 dollars per gallon) 

Gasoline 

Diesel 

- -  = not reported 
See notes at end of table 

75.87 

79.39 

113.97 

116 91 

7.55 

5 47 

0 60 

2.07 

9.56 

9.17 

0 39 

19.17 

50 

0 90 

2 76 

3.00 

8.71 

6.15 

0.46 

2.56 

8.27 

8.52 

-0.25 

19.10 

43 

1.05 

3.54 

3.78 

BPa EVA 

2015 
-- __  
-- a224  

8.56 9.60 

_ _  6 90 

_- 0 40 

-_ 2 70 
8.20 -- 

Other projections 

INFORUM 

91 78 
-- 
__  

5 43 
-- 
_ _  

9.81 

a 59 

1 22 

20 04b 
-_ 
-- 

3 a5 

3.60 

P& G 

-- 
98 75 

7.92 

5 43 

0 54 

2 49 
-_ 

9 69 
-- 

17 69 

-_ 
_ _  

_ _  
-- 
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probably contribute to lower coal consumption levels compared with historical levels and the AE02012 Reference case BP, EVA, 
ExxonMobil, and IHSGI have the most pessimistic views of coal use, with consumption declining over their respective projection 
horizons In contrast, both theAEO2Ql2 and INFORUM projections show rising coal consumption after an initial decline INFORUM’S 
projection for coal consumption in 2035 is the highest-12 percent higher than in the AE02012 Reference case (Table 28) 

Because most coal consumed in the United States is used for electricity generation, the outlooks with the largest declines in total 
coal consumption also show similar declines in coal use for electric power generation The AE02012 Reference case has the most 
pessimistic outlook for coal consumption in the power sector in 2015, however, while coal use in the electric power sector recovers 
after 2015 in the AE02012 Reference case, it continues to decline in the EVA, IHSGI, ExxonMobil, and BP projections ExxonMobil- 
which includes a carbon tax-shows the largest decline in coal use for electricity generation compared with the other projections, 

Projection 

Average U S imported RAG (2010 dollars per barrel) 

Average WTI price (2010 dollars per barrel) 

Domestic production 

Crude oil 

Alaska 

NGL 

Total net imports 

Crude oil 

Products 

Liquids consumption 

Net petroleum import share of liquids supplied (percent) 

Supply from renewable sources 

Transportation product prices (2010 dollars per gallon) 

Gasoline 

Diesel 

Average U 5 imported RAG (2010 dollars per barrel) 

Average WTI price (2010 dollars per barrel) 

Domestic production 

Crude oil 

Alaska 

NGL 

Total net imports 

Crude oil 

Products 

Liquids consumption 

Net petroleum import share of liquids supplied (percent) 

Supply from renewable sources 

Transportation product prices (2010 dollars per gallon) 

Gasoline 

Diesel 

- -  = not reported 

2010 

75 87 

79 39 

7.55 

5 47 

0 60 

2 07 

9.56 

9 17 

0 39 

19 17 

50 

0 90 

2 76 

3 00 

75 87 

79 39 

7.55 

5 47 

0 60 

2 07 

9.56 

9 17 

0 39 

19 17 

50 

0 90 

2 76 

3 00 

A E020 72 
Reference case 

121 21 

132 56 

9.41 

6 40 

0 40 

3 01 

7.12 

7 24 

-0 12 

19 20 

37 

145  

3 85 

4 17 

132.95 

144 98 

9.00 

5.99 

0 27 

3 01 

7.18 

7 52 

-0.34 

19 90 

36 

2 31 

4.03 

4 44 

Other proiections 

BPa EVA 

2025 

INFORUM 

11335 
-- 
__  

5 74 
-- 
_ _  

9.89 

8 31 

158 

20 38b 
_ _  
__  

4 36 

3 46 

116 76 
-- 
__  

5 80 
-- 
_ _  

10.36 

8 49 

1 88 

21 3Ib 
_- 
-_ 

4 49 

3 30 

P& G 

-- 
106 47 

7.37 

4 26 

0 45 

3 11 
_- 

10 71 
_ _  

17 39 
-- 
-- 

_ _  
-- 

aFor BP, liquids production data were converted from million metric tons to barrels at 8 067817 barrels per metric ton, and liquids demand data 
were converted at 8 162674 barrels per metric ton One metric ton equals 1,000 kilograms 

bFor INFORUM, liquids demand data were converted from quadrillion Btus to barrels at 187 84572 million barrels per quadrillion Btu 
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and coal consumption in the BP outlook also declines from 2010 levels The EVA projection for coal consumption in the electric 
power sector in 2030 IS 13 percent lower than the 2010 level, whereas coal consumption returns to 2010 levels in 2030  in the 
AEOZOJZ Reference case The IEA projection for coal consumption in the electric power sector in 2035, at 19 2 quadrillion Btu, I S  

similar to the A E 0 2 0 7 2  Reference case projection 

EVA, IHSGI, and the A E 0 2 0 J 2  Reference case all project declining use of coal at coking plants through 2030, with EVA including the 
most pessimistic outlook INFORUM's industrial coal consumption figure, which appears to include both coking coal consumption 

Projection 

Production 
East of the Mississippi 
West of the Mississippi 

Consumption 
Electric power 
Coke plants 
Coal-to-liquids 
Other industrial/buildings 

Total consumption 
(quadrillion B t d e  
Total consumption 
(million short tons) 
Net coal exports 

Exports 
Imports 

2010 dollars per ton 
2010 dollars per Btu 

Average delivered price 
to electricity generators 

2010 dollars per ton 
2010 dollars per Btu 

Minemouth price 

Production 
East of the Mississippi 
West of the Mississippi 

Consumption 
Electric power 
Coke plants 
Coal-to-liquids 
Other industrial/buildings 

Tot a I cons LA m p t io n 
(quadrillion Btule 
Tot a I co nsu m p t io n 
(million short tons) 
Net coal exports 

Exports 
Imports 

2010 dollars per ton 
2010 dollars per Btu 

Average delivered price 
to electricity generators 

2010 dollars per ton 
2010 dollars per Btu 

- -  = not reported 
See notes at end of table 

Minemouth price 

2010 

1,084 
446 
638 

975 
21 

0 
55 

20.76 

1,051 
64 
82 
18 

35 61 
1 76 

44 27 
2 26 

1,084 
446 
638 

975 
21 
0 

55 

20.76 

1,051 
64 
82 
18 

35 61 
1 76 

44 27 
2 26 

(million 
short tons) 

993 
407 
586 

839 
22 

0 
53 

__ 
914 

95 
110 

15 

42 08 
2 08 

45.17 
2 35 

AEOZOl2 Reference case 

1,118 

735 

952 
19 
38 
55 

383 

_- 

1,063 
71 

115 
44 

44 05 
2.23 

48. I 3 
2 54 

(quadrillion 
Btu) 

20.24 
_- 
-- 

16 15 
-- 
-- 

I .66d 

17.80 

-. 
2.38 
2 73 
0 35 

-- 
__  

22.25 

18 06 

-- 
I .63d 

20.02 

1.79 
2.82 
1 03 

_- 
-_ 

-- 
__  

EVAa 

1,017 
41 1 
606 

87 1 
20 

42 
-_ 

933 
100 
104 

4 

995 
403 
592 

a47 
17 

33 

_ _  
897 
113 
118 

4 

__  
_ _  

_ _  
_ _  

Other projections 

IHSGI INFORUM 
(million short tons) 

2015 
1,144 

-- 
-_ 

1,002 
21 

50 
-- 

.- 

1,073 
70 
89 
19 

"I 

-- 

-- 
2 39 

1,038 
2025 

_- 
_- 

927 
19 

39 
_- 

__ 
986 

53 
73 
20 

-- 
__  

-- 
2 48 

970 
_- 
-- 

_ _  
_ _  
-_ 

1 8Id 

-- 

91 6' 
54 
70 
16 

32 ao 
__  

42 72 
_- 

1,114 
-- 
_ _  

_ _  
_- 
-- 

2 07d 

-- 

1,072' 
42 
75 
33 

33 43 
-- 

43 58 
-- 
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2010 

AEO2Ql2 Reference case O t h e r  p ro iec t ions  

(mi l l ion  

shor t  tons) 

(quadr i l l i on  

Btu) 

I E A ~  
Exxon-  

M o b i l '  BPb 

(quadr i l l i on  Btu) 

EVAa IHSGI I N F O R U M  

(mi l l ion  s h o r t  tons) Pro iec t ion  

992 
396 
596 

847 
16 

31 
-- 

__  
a94 
113 
118 

5 

__ 
_ _  

-- 
_-  

2030 
1,166 

409 
757 

975 
18 
51 
55 

__ 
1,099 

a3 
117 
33 

47 28 
2 39 

50.56 
2 66 

1,212 
43 1 
781 

998 
17 
67 
56 

__ 
1 ,I 37 

94 
129 
36 

50.52 
2.56 

53 31 
2 80 

Produc t ion  

East of the  Miss iss ipp i  

W e s t  of the  Mississippi  

Consumpt ion  

Electric power  

Coke p lan ts  

Coa l - to - l iqu ids  

0 t her  in  dus t  ria I/ bu i Idi  ngs 

Tota l  consu m p t i on  
(quadr i l l i on  BtuY 
Tot  a I co n s u  m p t  i o n 
(m i l l i on  shor t  tons) 

N e t  coa l  e x p o r t s  

Expor ts  

I m p o r t s  

2 0 1 0  dol lars per  ton 
2 0 1 0  dol lars per Btu 

Average del ivered pr ice 

to e lec t r i c i t y  generators  

2010 dol lars per  ton 
2 0 1 0  dol lars per  B tu  

M i n e m o u t h  pr ice 

I ,084 
446 
638 

975 
21 
0 

55 

20.76 

1,051 
64 
82 
18 

35 61 
1.76 

44 27 
2 26 

I ,084 
446 
638 

975 
21 
0 

55 

20.76 

1,051 
64 
82 
18 

35.61 
1.76 

44.27 
2 26 

984 1,177 

885 _- 
19 -_ 

35 2 37d 

938 1,156' 
47 41 
68 74 
20 53 

Produc t ion  

East of the  Miss iss ipp i  

W e s t  of the  Mississippi  

Consumpt ion  

Electric power  

Coke p lan ts  

Coa l - to - l iqu ids  

0 t her  industr ia I/ bu ildi ngs 

To ta  I cons LA m p t  i o  n 

(quad r i  II i on  B t uIe  
Tota l  c o n s u m p t i o n  

(m i l l i on  s h o r t  tons) 

N e t  coal e x p o r t s  

Expor ts  

I m p o r t s  

2 0 1 0  dol lars per  t o n  

2 0 1 0  dol lars per  B tu  

Average del ivered pr ice 

to e lec t r i c i t y  generators  

2 0 1 0  dol lars p e r  t o n  

2 0 1 0  dol lars per  Btu 

M i n e m o u t h  pr ice 

- -  = not reported 

24.14 

_- 

19.03 

_ _  
1 .58d 

21.15 

2.31 
3 13 
0 82 

-- 
-_ 

__ 
-_ 

a86 1,277' 
42 a 
63 71 
20 64 

-- 43" 13 
2.54 -- 

aRegulations known to be accounted for in  the EVA projections include MATS, CSAPR, regulations for cool ing-water intake structures under Section 
316(b) of the Clean Water  Act, and regulations for coal combustion residuals under authority of the Resource Conservation and Recovery Act  

bFor IEA and BP, data were converted f rom mill ions of tons oil equivalent (toe) at 39 683 mill ion Btu per toe 
'ExxonMobil  projections include a carbon tax 
dCoal consumption in  quadril l ion Btu INFORUM's value appears to include coal consumption at coke plants To facil i tate comparison the AEflZOl2 

eFor AEflZOI2, excludes coal converted to coal-based synthetic liquids 
'Calculated as consumption = (production -expor ts  + imports)  
SCalculated as impor ts  = (consumption - production +expor ts )  

value also includes coal consumption at coke plants 
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and coal use at industrial steam plants, i s  higher than projected in the AEO2012  Reference case. EVA and IHSGI show declines in 
coal use in the industrial/buildings sector (excluding the coking sector), whereas the A E 0 2 0 1 2  outlook is more stable According 
to ExxonMobil's projection, coal is consumed only for electricity generation after 2015, as implied consumption in all other sectors 
drops to zero The A E 0 2 0 1 2  Reference case appears to  be the only projection that includes coal use in CTL production 

Only EVA provides regional production information for comparison with the A E 0 2 0 7 2  Reference case. Despite much lower total 
coal consumption than in A E 0 2 0 1 2 ,  EVA'S estimate of coal production east of the Mississippi is similar to that in the AEO2012  
Reference case The differences in coal production are primarily in basins west of the Mississippi, where A E 0 2 0 1 2  projects 161 
million more tons of coal production in 2030  than projected by EVA. 

Wi th respect to exports, two broad consensus groups are identifiable among the projections. The most optimistic projections are 
EVA and A E 0 2 0 1 2 ,  which show exports remaining above 100 million tons through 2030. However, EVA and A E O 2 0 I 2  do differ, in 
that the A E 0 2 0 1 2  Reference case projects stronger growth for coking coal exports, and EVA projects stronger growth for thermal 
coal exports The second group of projections, including BP, INFORUM, and IHSGI, shows a less optimistic outlook for U S coal 
exports Coal exports in 2030  in the A E 0 2 0 7 2  Reference case are 1.0 quadrillion Btu higher than projected by B P  If B P ' s  average 
heat rate for exports is assumed to be similar to that in A E 0 2 0 1 2 ,  B P ' s  projected coal exports in 2030  are about 70 million tons, 
similar to the INFORUM and IHSGI projections for the same year. IHSGl's projection of exports is  the lowest of this group, peaking 
in 2025 and then falling to 63 million tons in 2035 

The outlook for coal imports varies considerably across the projections, with little consensus In the EVA projection, imports drop 
to a negligible 4 million tons early on and remain at that level for the balance of the projection, and in the B P  projection, there are 
no coal imports to the United States after 2015 In the IHSGI projection, coal imports vary little through 2035 In 2035, coal imports 
in the A E 0 2 0 1 2  Reference case are just over one-half those in the INFORUM outlook. 

Coal price comparisons can be made only for the AEO20I2 ,  IHSGI, and INFORUM projections A E 0 2 0 7 2  includes the highest 
minemouth coal prices, which rise by 42 percent from 2010 to 2035 IHSGI and the A E O 2 0 l 2  Reference case do project similar 
delivered coal prices to the electricity sector through 2020, but after 2020 IHSGl's prices change little, whereas prices in the 
A E O 2 0 I 2  Reference case continue to rise The difference may indicate that IHSGl's more pessimistic coal consumption outlook has 
less to do with high coal prices than with other factors. Similarly, INFORUM'S delivered coal price to  the electricity sector falls and 
then remains constant at around 2015 levels through 2035, lower than the price in 2010 
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Links current as of June 2012 

140 ExxonMobil's projection for residential consumption includes commercial consumption 

141 SEER'S prices include a carbon tax 
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AB 

AB32 

ACI 

AEO 

AE02012 

ANWR 

ARRA2009 

ASHRAE 

Blue Chip 

BTL 

Btu 

CAFE 

CAlR 

CARB 

CEO 

CBTL 

CCS 

CHP 

CI 

C M M  

CNG 

co2 
CO2-EOR 

CSAPR 

CTL 

DG 

dge 
DOE 

DSI 

E10 
E15 

E85 

EERE 

EIA 

EIEA2008 

EISA2007 

EOR 

EPA 

EPACTO5 

EU R 
EV 

EVA 

FEMP 

FFV 

FGD 

GDP 

GHG 

GTL 

GVWR 

HAP 

HE 

HCI 

H D  

H DV 

HEV 

H g  
ICE 

I D M  

IEA 

IECC2006 

IEM 

Assembly Bi l l  
California Assembly Bill 32 

Activated carbon injection 

Annual Energy Outlook 

Annual Energy Outlook 2072 

Arctic National Wildlife Refuge 

American Recovery and Reinvestment Act of 2 0 0 9  

American Society of Heating, Refrigerating, and 
Air-conditioning Engineers 

Blue Chip Consensus 

Biomass-to-liquids 

British thermal unit 

Corporate average fuel economy 

Clean Air Interstate Rule 

California Air Resources Board 

Congressional Budget Office 

Coal- and biomass-to-liquids 

Carbon capture and storage 

Combined heat and power 

Carbon intensity 

Coal Market Module 

Compressed natural gas 

Carbon dioxide 

Carbon dioxide-enhanced oil recovery 

Cross-State Air Pollution Rule 

Coal-to-liquids 

Distributed generation 

Diesel gallon equivalent 

U.S. Department of Energy 

Direct sorbent injection 

Motor gasoline blend containing up to 10 percent ethanol 

Motor gasoline blend containing up to 15 percent ethanol 

Motor  fuel containing up to 8 5  percent ethanol 

Energy Efficiency and Renewable Energy 

U.S. Energy Information Administration 

Energy Improvement and Extension Act of 2 0 0 8  

Energy independence and Security Act of 2007 

Enhanced oil recovery 

U S  Environmental Protection Agency 

Energy Policy Ac t  of 2 0 0 5  

Estimated ultimate recovery 

Electric vehicle 

Energy Ventures Analysis 

Federal Energy Management Program 

Flex-fuel vehicle 

Flue gas desulfurization 

Gross domestic product 

Greenhouse gas 

Gas-to-liquids 

Gross vehicle weight rating 

Hazardous air pollutant 

House Bill 

Hydrogen chloride 

Heavy-duty 

Heavy-duty vehicle 

Hybrid electric vehicle 

Mercury 

internal combustion engine 

Industrial Demand Module 

International Energy Agency 

2006 International Energy Conversion Code 

International Energy Module 

IHSGI 

INFORUM 

IOU 

IREC 

ITC 

LCFS 

LDV 

LED 

LFMM 

LNG 

MATS 

M A M  

m m t  

MMTCOze 

mpg 
MSRP 
M Y  

NAICS 

NEMS 

NERC 

NGL 

NGPL 

NGTDM 

NGV 

NHTSA 

N Ox 
NRC 

OECD 

OMB 

OPEC 

P&G 

PADD 

PCS 

PHEV 

PM 
PM2 s 
PMM 
PTC 

PV 

RAC 

RECS 

RFM 
RFS 

RGGI 

RPS 

SB 

SCR 

SEER 
SElA 

SNCR 

502 
STEO 

TAPS 

TRR 

U EC 

UPS 

USGS 

VlUS 

V M T  

W T I  

IHS Global Insight 

interindustry Forecasting Project 
at the University of Maryland 

Invester-owned uti l i ty 

Interstate Renewable Energy Council 

Investment tax credit 

Low Carbon Fuel Standard 

Light-duty vehicle 

Light-emitting diode 

Liquid Fuels Market Module 

Liquefied natural gas 

Mercury and Air Toxics Standards 

Macroeconomic Activity Module 

Mi l l ion metric tons 

Mi l l ion metric tons carbon dioxide equivalent 

Mi les per gallon 

Manufacturer’s suggested retail price 

Mode l  year 

North American Industry Classification System 

National Energy Modeling System 

North American Electric Reliability Corporation 

Natural gas liquids 

Natural gas plant liquids 

Natural Gas Transmission and Distribution Module 

Natural gas vehicle 

National Highway Traffic Safety Administration 

Nitrogen oxides 

U.S Nuclear Regulatory Commission 

Organization for Economic Cooperation and Development 

Office of Management and Budget 

Organization of the Petroleum Exporting Countries 

Purvin & Gertz 

Petroleum Administration for Defense District 

Personal computers 

Plug-in hybrid electric vehicle 

Particulate matter 

Particulate matter less than 2 5 microns diameter 

Petroleum Market Module 

Production tax credit 

Solar photovoltaic 

U.S. Refiner Acquisition Cost 

Residential Energy Consumption Survey 

Renewable Fuels Module 

Renewable fuel standard 

Regional Greenhouse Gas Initiative 

Renewable portfolio standard 

Senate Bill 

Selective catalytic reduction 

Strategic Energy and Economic Research, Inc 

Solar Energy Industries Association 

Selective noncatalytic reduction 

Sulfur dioxide 

Short-Term Energy Outlook 

Trans-Alaska Pipeline System 

Technically recoverable resource 

Unit  energy consumption 

Uninterruptible power supply 

United States Geological Survey 

Vehicle Inventory and Use Survey 

Vehicle miles traveled 

West Texas intermediate 
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Table 1. HD National Program vehicle regulatory categories: U S Environmental Protection Agency and National Highway Traffic 
Safety Administration, "Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for Medium- and Heavy-Duty Engines 
and Vehicles Final Rule," Federal Reglster, Vol 76, No 179 (Washington, DC September 15, 20111, pp 57106-57513, website 

tion tractor greenhouse gas emissions and fuel consumption: U S 
Environmental Protection Agency and National Highway Traffic Safety Administration, Greenhouse Gas Em,ss,ons Standards and 
Fuel Efficiency Standards for Medum- and Heavy-Duty Engines and Vehdes, 4 9  CFR Parts 523, 534, and 535, RIN 2060-AP61, 2127- 
AK74, Federal Register Notice Vol 76, No 179, Thursday, September 15, 2011 

Table3. HD National Program standardsfor vocational vehiclegreenhousegas emissionsand fuel consumption: U S Environmental 
Protection Agency and National Highway Traffic Safety Administration, Greenhouse Gas Emissions Standards and Fuel Ef[iciency 
Standards for Medium- and Heavy-Duty Engmes and Vehicles, 49 CFR Parts 523, 534, and 535, RIN 2060-AP61, 2127-AK74, Federal 
Register Notice Vol 76, No 179, Thursday, September 15, 2011 

Table 4. Renewable portfolio standards in the 3 0  States with current mandates: U S Energy Information Administration, Office of 
Energy Analysis Based on a review of enabling legislation and regulatory actions from the various States of policies identified by 
the Database of States Incentives for Renewable Energy as of January 1,2012, website 

Table 5. I<ey analyses of interest from "Issues in focus" in recent AEOs: U S Energy lnfor nistration, Annual Energy 
Outlook 2077, DOE/EIA-0383(2011) (Washington, DC, April 20111, U S Energy Information Administration, Annual Energy Outlook 
2010, DOE/EIA-0383(2010) (Washington, DC, April 2010), and U S Energy Information Administration, Annual Energy Outlook 
2009, DOE/EIA-0383(2009) (Washington, DC, March 2009)  

Table 6. I<ey assumptions for the residential sector in the AEO2012 Integrated Demand Technology case: Projections: AEO2012 
National Energy Modeling System, runs FROZTECH D030812A, HIGHTECH D032812A, and BESTTECH D032812A 

Table 7. Key assumptions for the commercial sector in the AEO2012 Integrated Demand Technology case: Projections: AE02012 
National Energy Modeling System, runs FROZTECH D030812A, HIGHTECH D032812A, and BESTTECH D032812A 

Table 8. Estimated average fuel economy and greenhouse gas emissions standards proposed for light-duty vehicles, model 
years 2017-2025: U S Environmental Protection Agency and National Highway Transportation Safety Administration, "2017 
and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate 

o 231 (Washington, DC December 1, 20111, website 

Table 9. Vehicle types that do not rely solely on a gasoline internal combustion engine for motive and accessory power: U S 
Energy Information Administration, Office of Energy Analysis 

Table 10. Description of battery-powered electric vehicles: U S Energy Information Administration, Office of Energy Analysis 

Table 11. Comparison of operating and incremental costs of battery electric vehicles and conventional gasoline vehicles: U S 
Energy Information Administration, Office of Energy Analysis 

Table 12. Summary of key results f rom the Reference, High Nuclear, and Low Nuclear cases, 2010-2035: History: U S Energy 
Information Administration, Annual Energy Review 2010, DOE/EIA-0384 (Washington, DC, October 2011) Projections: AE02012 
National Energy Modeling System, runs REF2012 DOZOllZC, HINUC12 DO22312A and LOWNUCl2 D022312b 

Table 13. Alaska North Slope wells completed during 2010 in selected oil fields: Alaska Oil and Gas Conservation Commission, 
Public Databases Website at The North Slope well total includes exploration wells, water 
disposal wells, service wells, etc The Alpine field is the primary field within the Colville River Unit 

Table 14. Unproved technically recoverable resource assumption by basin: U S Energy Information Administration, Office of 
Energy Analysis 

Table 15. AEO2012 unproved technically recoverable resources for selected shale gas plays as of January 1, 2010: U S Energy 
Information Administration, Office of Energy Analysis Note: Average well spacing, percent of area untested, and percent of area 
with potential have been rounded to the nearest unit 

Table 16. AEOZOI2 unproved technically recoverable tight oil resources as of January 1, 2010: U S  Energy Information 
Administration, Office of Energy Analysis Note: Average well spacing, percent of area untested, and percent of area with potential 
have been rounded to the nearest unit 

Table 17. Estimated ultimate recovery for selected shale gas plays in three AEOs: Projections: AE02012 National Energy Modeling 
System, runs REF2012 D020112C, AE02011 National Energy Modeling System, runs REF2011 D0209A, and AEO2OlO National 
Energy Modeling System, runs REF2010 D111809A 
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Table 18 Petroleum supply, consumption, and prices in four cases, 2020  and 2035 History Crude oil lower 48 average wellhead 
prices U S Energy Information Administration, Petroleum Marketing Annual 2009, DOE/EIA-0487(2009) (Washington, DC, 
August 2010) Lower 4 8  onshore, lower 4 8  offshore, and Alaska crude oil production U S Energy Information Administration, 
Petroleum Supply Annual 2010, DOE/EIA-0340(2010)/1 (Washington, DC, July 2011) Projections: AE02012 National Energy 
Modeling System, runs REF2012 DO20112C, REF2012 LEURl2 D022112A, REF2012 HEUR12 D022112A, and HTRRl2 D050412A 

Table 19. Natural gas prices, supply, and consumption in four cases, 2020  and 2035: History: Alaska and Lower 48 natural 
gas production, net imports, and other consumption U S Energy Information Administration, Natural Gas Monthly, DOE/EIA- 
0130(2011/07) (Washington, DC, July 2011) Other production U S Energy Information Administration, Office of Energy Analysis 
Consumption by sector based on U S Energy Information Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) 
(Washington, DC, October 2011) Henry Hub natural gas prices U S Energy Information Administration, Short-Term Energy 
Outlook Query System, Monthly Natural Gas Data, Variable NGHHUUS Projections: AE02012 National Energy Modeling System, 
runs REF2012 D020112C, REF2012 LEURl2 D022112A, REF2012 HEURl2 D022112A, and HTRR12 D050412A 

Table 20. Marcellus unproved technically recoverable resources in AE02012 (as of January 1, 2010): U S Energy Information 
Administration, Office of Energy Analysis Note: Average well spacing, percent of area untested, and percent of area with potential 
have been rounded to the nearest unit 

Table 21. Marcellus unproved technically recoverable resources: AEO20IJ, USGS 2011, and AE02012: Projections: AE0201I 
AE02011 National Energy Modeling System, run REF2011 D0209A, USGS 2011 USGS 2011 Open-File Report 2011-1298, website 

and Fact Sheet 2011-3092, website , AE02012 AE02012 National 
REF2012 D020112C Note: Average we1 tested, and percent of area with 

potential have been rounded to the nearest unit 

Table 22. Projections of average annual economic growth, 2010-2035: AE02012 (Reference case): AE02012 National Energy 
Modeling System, run AEO2012 REF2012 D020112C AEO2011 (Reference case): AEO2Oll National Energy Modeling System, run 
AE02011 REF2011 

INFORUM: "lnforum Lift (Long- 

tion, The 2011 Annual Report of the Board of Trustees of the Federal Old-Age And Survivors 
Trust Funds (U S Government Printing Office Washington, DC, May 13, 20111, website 

October 2011), website 

SEER: Strategic Energy and Economic Research, Inc,  e-mail from Ron Denhardt (February 21, 20121 

e 23. Projections of oil prices, 2015-2035: AEO2012 (Reference case): AE02012 National Energy Modeling System, run 
AEO2012 REF2012 D020112C AE02011 (Reference case): AEO2Oll National Energy Modeling System, run AE02011 REF2011 

Table 24. Projections of energy consumption by sector, 2010-2035: AE02012 (Reference case): AE02012 National Energy 

(College Park, MD, February 2012), website IHSGI: IHS Global Insight, 30-year 

IEA: international Energy Agency, World Energy Outlook 2017 (Paris, France, 
November 2011), website 

Energy Modeling System, run AE02012 REF2012 D020112C EVA: Energy Ventures Analysis, Inc , e-mail from Anthony Petruzzo 
S and Regional Economic Forecast (Lexington, MA,  November 20111, 
(subscription site) INFORUM: "lnforum Lift (Long-term Interindustry 

BP: BP, Inc, e-mail from Mark Finley (January 15, 2012) 

Forecasting Tool) Model" (College Park, MD, February 20121, website 
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Table 26. Comparison of natural gas projections, 2010, 2015, 2025, and 2035: AEO20l2 (Reference case): AE02012 National 
Energy Modeling System, run AEO2012 REF2012 D020112C IHSGI: IHS Global Insight, 30-year U 5 and Regfonal Economfc Forecast 
(Lexington, MA,  November 2011), website (subscription site) EVA: Energy 
Ventures Analysis, Inc, e-mail from Anthony P, e-mail from Tom Choi (January 
26, 2012) SEER: Strategic Energy and Economic Research, lnc, e-mail from Ron Denhardt (February 21, 2012) ExxonMobil: 

2040 (Irving, TX, 2012), website 
Interindustry Forecasting Tool) M o d  

Table 27. Comparison of liquids projections, 2010, 2015, 2025, and 2035: AEO2072 (Reference case): AE02012 National Energy 
Modeling System, run AE02012 REF2012 D020112C BP: BP, Inc,  e-mail from Mark Finley (January 15, 2012) EVA: Energy 
Ventures Analysis, Inc , e-mail from Anthony Petruzzo (January 
Economic Forecast (Lexington, MA,  November 20111, website 
site) INFORUM: "lnforum Lift (Long-term Interindustry Foreca 

and Gertz, Inc, Global Petroleum Market Outlook 2011 (Houston, TX, 

Table 28. Comparison of coal projections, 2010, 2015, 2025, and 2035: AEO2072 (Reference case): AEO2012 National Energy 
Modeling System, run AE02012 REF2012 D020112C EVA: Energy Ventures Analysis, Inc , e-mail from Anthony Petruzzo (January 
26,2012) IHSGI: IHS Global Insight, 30-year U 5 andRegionalEconomfcForecast (Lexington, MA,  November 20111, website 

rindustry Forecasting Tool) 
IEA: International Energy 

BP: BP, Inc, e-mail from 

(subscription site) 

aris, France, Novem 

Figure 1. Energy use per capita and per dollar of gross domestic product, 1980-2035: History: U S  Energy Information 
Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 
National Energy Modeling System, run REF2012 DO20112C 

Figure 2. U.S. production of tight oil in four cases, 2000-2035: History: U S Energy Information Administration, Annual Energy 
Revfew 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy Modeling System, 
runs REF2012 D020112C, REF2012 LEURl2 DO2212A, REF2012 HEUR12 D02212A, and REF2012 HTRR12 D050412A 

Figure 3. U.S. dependence on imported petroleum and other liquids, 1970-2035: U S Energy Information Administration, Annual 
Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling 
System, runs REF2012 D020112C 

Figure 4. Total US.  natural gas production, consumption, and net imports, 1990-2035: History: U S Energy Information 
Administration, Annual Energy Revfew 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projection: AEO2012 
National Energy Modeling System, runs REF2012.DO20112C 

Figure 5. Cumulative retirements of coal-fired generating capacity by NERC region in nine cases, 2010-2035: Projection: AEO2012 
National Energy Modeling System, runs REF2012 D020112C, REF-RO5 D030712A, REF2012 HEURl2 D022112A, REF2012 LEURl2 
D022112A, HEUR12-RO5 D022312A, HCCST12 D031312A, LCCSTl2 D031312A, HM2012 D022412A, and LM2012 D022412A 

Figure 6. US.  energy-related carbon dioxide emissions by sector and fuel, 2005 and 2035: History: U S Energy Information 
Administration, Annual Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projection: AE02012 
National Energy Modeling System, runs REF2012 D020112C 

Figure 7. HD National Program model year standards for diesel pickup and van greenhouse gas emissions and fuel consumption, 
2014-2018: U S Environmental Protection Agency and National Highway Traffic Safety Administration, Greenhouse Gas Emissions 
Standards and Fuel Efficiency Standards for Medium- and Heavy-Duty Engfnes and Vehicles, 49 CFR Parts 523, 534, and 535, RIN 2060-  
AP61; 2127-AK74, Federal Register Notice Vol. 76, No 179, Thursday, September 15, 2011 

Figure 8. H D  National Program model year standards for gasoline pickup and van greenhouse gas emissions and fuel consumption, 
2014-2018: U S Environmental Protection Agency and National Highway Traffic Safety Administration, Greenhouse Gas Emissions 
Standards and Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehfcles, 49 CFR Parts 523,534, and 535, RIN 2060-  
AP61, 2127-AK74, Federal Register Notice Vol 76, No 179, Thursday, September 15, 2011 

Figure 9. States covered by CSAPR limits on emissions of sulfur dioxide a 
Cross-State Air Pollution Fact Sheet (Washington, DC, July 2011), website 

Figure 10. Total combined requirements for State renewable portfolio standards, 2015-2035: Projections: AE02012 National 
Energy Modeling System, runs REF2012 DO2Oll2C 
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Figure 11. Total energy consumption in three cases, 2005-2035: History: U S Energy Information Administration, Annual Energy 
Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling System, 
runs REF2012 D020112C, NOSUNSET D032112A, and EXTENDED D050612B 

Figure 12. Consumption of petroleum and other liquids for transportation in three cases, 2005-2035: History: U S Energy 
Information Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011). Projections: 
AE02012 National Energy Modeling System, runs REF2012 D020112C, NOSUNSET D032112A, and EXTENDED D050612B 

Figure 13. Renewable electricity generation in three cases, 2005-2035: History: U.S Energy Information Administration, Annual 
Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy Modeling 
System, runs REF2012.D020112C, NOSUNSET D032112A, and EXTENDED D050612B 

Figure 14. Electricity generation from natural gas in three cases, 2005-2035: History: U S Energy Information Administration, 
Annual Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy 
Modeling System, runs REF2012 D020112C, NOSUNSET.D032112A, and EXTENDED.DO50612B 

Figure 15. Energy-related carbon dioxide emissions in three cases, 2005-2035: History: U S Energy Information Administration, 
Annual Energy Review 2010, DOE/ElA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy 
Modeling System, runs REF2012 D020112C, NOSUNSET D032112A, and EXTENDED D050612B 

Figure 16. Natural gas wellhead prices in three cases, 2005-2035: History: U S Energy Information Administration, Annual Energy 
Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling System, 
runs REF2012 D020112C, NOSUNSET D032112A, and EXTENDED DO50612B 

Figure 17. Average electricity prices in three cases, 2005-2035: History: U S Energy Information Administration, Annual Energy 
Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy Modeling System, 
runs REF2012 D020112C, NOSUNSET D032112A, and EXTENDED D050612B 

Figure 18. Average annual oil prices in three cases, 1980-2035: History: U S Energy Information Administration, Annual Energy 
Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling System, 
runs REF2012.D020112C, LP2012.D022112A, and HP2012 D022112A 

Figure 19. World petroleum and other liquids production, 2000-2035: History: U S Energy Information Administration, Annual 
Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling 
System, run REF2012 D020112C. 

Figure 20. Residential and commercial delivered energy consumption in four cases, 2010-2035: Projections: AE02012 National 
Energy Modeling System, runs REF2012 D020112C, FROZTECH.D030812A, HIGHTECH.D032812A, and BESTTECH.DO32812A 

Figure 21. Cumulative reductions in residential energy consumption relative to  the Integrated 2011 Demand Technology case, 
2011-2035: Projection: AEO2012 National Energy Modeling System, run FROZTECH.D030812A, HIGHTECH D032812A, and 
B ESTTEC H. D 0328 12A. 

Figure 22. Cumulative reductions in commercial energy consumption relative to the Integrated 2011 Demand Technology case, 
2011-2035: Projection: AE02012 National Energy Modeling System, run FROZTECH D030812A, HIGHTECH D032812A, and 
BESTTECH.DO32812A. 

Figure 23. Light-duty vehicle market shares by technology type in two cases, model year 2025: Projections: AE02012 National 
Energy Modeling System, runs REF2012.DO20112C and CAFEY D032112A. 

Figure 24. On-road fuel economy of the light-duty vehicle stock in two cases, 2005-2035: History: US.  Energy Information 
Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 
National Energy Modeling System, run REF2012 D020112C and CAFEY.DO32112A 

Figure 25. Total transportation consumption of petroleum and other liquids in two cases, 2005-2035: History: U S Energy 
Information Administration, Annual Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: 
AE02012 National Energy Modeling System, run REF2012 D020112C and CAFEY.DO32112A 

Figure 26. Total carbon dioxide emissions from transportation energy use in two cases, 2005-2035: History: US. Energy 
Information Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011). Projections: 
AE02012 National Energy Modeling System, run REF2012 DO20112C and CAFEY D032112A 

Figure 27. Cost of electric vehicle battery storage to  consumers in two cases, 2012-2035: Projections: AEQ2012 National Energy 
Modeling System, run REF2012.DO20112C and BATTECH.DO32112A Note: U.8 Department of Energy Office of Energy Efficiency 
and Renewable Energy high-energy battery cost goal includes mark-up of 1 5 for retail price equivalency 

Figure 28. Costs of electric drivetrain nonbattery systems to  consumers in two cases, 2012-2035: Projections: AEO2012 National 
Energy Modeling System, run REF2012.DO20112C and BATTECH.DO32112A 

Figure 29. Total prices t o  consumers for compact passenger cars in two cases, 2015 and 2035: Projections: AE02012 National 
Energy Modeling System, run REF2012 D020112C and BATTECH D032112A 
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Figure 3 0  Total prices to  consumers for small sport uti l i ty vehicles in two cases, 2015 and 2035: Projections: AEO2012 National 
Energy Modeling System, run REF2012 D020112C and BATTECH D032112A 

Figure 31. Sales of new light-duty vehicles in two cases, 2015 and 2035: Projections: AE02012 National Energy Modelrng System, 
run REF2012 D020112C and BATTECH D032112A 

Figure 32 Consumption of petroleum and other liquids, electricity, and total energy by light-duty vehicles in two cases, 2000-2035: 
History: Derived from U S Energy Information Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, 
DC, October 20111, Oak Ridge National Laboratory, Transportation Energy Data Book, Edition 30 and Annual (Oak Ridge, TN 2011) 
Projections: AE02012 National Energy Modeling System, runs REF2012 D020112C and BATTECH D032112A 

Figure 33. Energy-related carbon dioxide emissions from light-duty vehicles in two cases, 2005-2035: History: Derived from 
U S Energy Information Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC October 2011) 
Projections: AE02012 National Energy Modeling System, runs REF2012 D020112C and BATTECH D032112A 

Figure 34. US. spot market prices for crude oil and natural gas, 1997-2012: History: U S Energy Information Administration, Office 
of Energy Analysis based on Reuters data 

Figure 35. Distribution of annual vehicle-miles traveled by light-medium (Class 3) and heavy (Class 7 and 8) heavy-duty vehicles, 
2: Derived from U S Census Bureau, Vehicle Inventory and IJse Survey, 2002, website 

Figure 36. Diesel and natural gas transportation fuel prices in the HDV Reference case, 2005-2035: History: Prices for diesel 
based on U S Energy Information Administration, Petroleum Marketing Annual 2009, DOE/EIA-0487(2009) (Washington, DC 
August 2010) Historical prices for natural gas transportation fuel and projections: AE02012 National Energy Modeling System, 
run NOSUBNGVl2 D050412A 

Figure 37. Sales of new heavy-duty natural gas vehicles in two cases, 2008-2035: Projections: AE02012 National Energy Modeling 
System, runs RFNGVl2 D050412A and NOSUBNGV12 D050412A 

Figure 38. Natural gas fuel use by heavy-duty vehicles in tow cases, 2008-2035: Projections: AEO2012 National Energy Modeling 
System, runs RFNGVl2 D050412A and NOSUBNGVl2 D050412A 

Figure 39. Reduction in petroleum and other liquid fuels use by heavy-duty vehicles in the H D  NGV Potential case compared with 
the HDV Reference case, 2010-2035: Projections: AE02012 National Energy Modeling System, runs RFNGVl2 D050412A and 
NOS U B N G V 1 2 D 0 5 041 2 A 

Figure 40. Diesel and natural gas transportation fuel prices in two cases, 2035: Projections: AE02012 National Energy Modeling 
System, runs RFNGVl2 D050412A and NOSUBNGV12 D050412A 

Figure 41. U.S. liquids fuels production industry: U S Energy Information Administration, Office of Energy Analysis 

Figure 42. Mass-based overview of the U.S. liquids fuels production industry in the LFMM case, 2000,2011, and 2035: History: 
EIA, PetroleurnSupplyAnnual2010, DOE/EIA-0340(2010)/1 (Washington, DC, July 2011) Projections: AE02012 National Energy 
Modeling System runs REF2012 D12lOllB and REF-LFMM D050312A 

Figure 43. New regional format for EIAs Liquid Fuels Market Module: IJ S Energy Information Administration, Office of Energy 
Analysis 

Figure 44, RFS mandated consumption of renewable fuels, 2009-2022: Federal Register, "Regulation of Fuels and Fuel Additives 
Fuel Standard Program", EPA Final Rule, March 26, 2010, website 

Figure 45. Natural gas delivered prices to  the electric power sector in three cases, 2010-2035: Projections: AE02012 National 
Energy Modeling System, runs REF2012 D020112C, REF2012 LEURl2 D022112A, and REF2012 HEUR12 D022112A 

Figure 46. U.S. electricity demand in three cases, 2010-2035: Projections: AE02012 National Energy Modeling System, runs 
REF2012 D020112C, LM2012 D022412A and HM2012 D022412A 

Figure 47. Cumulative retirements of coal-fired generating capacity by NERC region in nine cases, 2010-2035: Projection: AE02012 
National Energy Modeling System, runs REF2012 D020112C, REF-RO5 D030712A, REF2012 HEURl2 D022112A, REF2012 LEURl2 
D022112A, HEUR12-RO5 D022312A, HCCSTl2 D031312A, LCCSTl2 D031312A, HM2012 D022412A, and LM2012 D022412A 

Figure 48. Electricity generation by fuel in eleven cases, 2010 and 2020: History: U S Energy Information Administration, Annual 
Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy Modeling 
System, runs REF2012 D020112C, REF-R05 D030712A, REF2012 HEURl2 D022112A, REF2012 LEURl2 D022112A, HEUR12-RO5 
D022312A, HCCSTl2 D031312A, LCCST12 D031312A, HM2012 DO22412A, and LM2Ol2 D022412A 

Figure 49. Electricity generation by fuel in eleven cases, 2010 and 2035: History: U S Energy Information Administration, Annual 
Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling 
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System, runs REF2012 D020112C, REF-RO5 D030712A, REF2012 HEURl2 D022112A, REF2012 LEURl2 DO22112A, HEUR12-RO5 
DO22312A, HCCST12 D031312A, LCCST12 D031312A, HM2012 D022412A, and LM2012 D022412A 

Figure 50. Cumulative retrofits of generating capacity with scrubbers and dry sorbent injection for emissions control, 2011- 
2020: Projections: AEO2012 National Energy Modeling System, runs REF2012 D020112C, REF-RO5 D030712A, REF2012 HEURl2 
DO22112A, REF2012 LEURl2 DO22112A, HEUR12-RO5 D022312A, HCCSTl2 D031312A, LCCST12 D031312A, HM2012 D022412A, 
and LM2012 D022412A 

Figure 51. Nuclear power plant retirements by NERC region in the l o w  Nuclear case, 2010-2035: Projections: AEO2Oll National 
Energy Modeling System, run LOWNUCl2 DO223128 

Figure 52. Alaska North Slope oil production in three cases, 2010-2035: Projections: AE02012 National Energy Modeling System, 
runs REF2012 D020112C, HP2012 D022112A, and LP2012 DO22112A 

Figure 53. Alaska North Slope wellhead oil revenue in three cases, assuming no minimum revenue requirement, 2010-2035: 
Projections: AE02012 National Energy Modeling System, runs REF2012 DO20112C, HP2012 DO22112A, and LP2012 D022112A 

Figure 54. Average production profiles for shale gas wells in major US. shale plays by years of operation: U S Energy Information 
Administration, analysis of well-level production from HPDl database, and Pennsylvania Department of Environmental Protection 
Oil & Gas Reporting, website 
(accessed October 2011) 

Figure 55. U.S. production of t ight oil in four cases, 2000-2035: History: U S Energy Information Administration, Annual Energy 
Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy Modeling System, 
runs REF2012 D020112C, REF2012 LEUR12 DO2212A, REF2012 HEURl2 D02212A, and REF2012 HTRRl2 D050412A 

Figure 56. U.S. production of shale gas in four cases, 2000-2035: History: U S Energy Information Administration, Annual Energy 
Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling System, 
runs REF2012 D020112C, REF2012 LEURl2 DO2212A, REF2012 HEURl2 D02212A, and REF2012 HTRR12 D050412A 

Figure 57. United States Geological Survey Marcellus Assessment Units: U S Energy Information Administration, Office of Ener 
lis e USGS in their Marcellus assessment fact sheet (USGS Fact Sheet 2011-3092, 

1 
Figure 58. Average annual growth rates of real GDP, labor force, and nonfarm labor productivity in three cases, 2010-2035: 
AE02012 National Energy Modeling System, runs REF2012 DO20112C, HM2Ol2 D022412A, and LM2Ol2 D022412A 

Figure 59. Average annual growth rates over 5 years following troughs of US.  recessions in 1975, 1982, 1991, and 2008: History: 
Bureau of Economic Analysis, Bureau of Labor Statistics (unemployment rate) Projections: AE02012 National Energy Modeling 
System, run REF2011 D020112C 

Figure 60. Average annual growth rates for real output and its major components in three cases, 2010-2035: AE02012 National 
Energy Modeling System, runs REF2012 D020112C, HM2012 DO22412A, and LM2012 D022412A 

Figure 61. Sectoral composition of industrial output growth rates in three cases, 2010-2035: AE02012 National Energy Modeling 
System, runs REF2012 D020112C, HM2012 D022412A, and LM2012 DO22412A 

Figure 62. Energy end-use expenditures as a share of gross domestic product, 1970-2035: History: U S Energy Information 
Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 
National Energy Modeling System, run REF2012 DO20112C 

Figure 63. Energy end-use expenditures as a share of gross output, 1987-2035: History: U S Energy Information Administration, 
Annual Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy 
Modeling System, run REF2012 D020112C 

Figure 64. Average annual oil prices in three cases, 1980-2035: History: U S Energy Information Administration, Annual Energy 
Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling System, 
runs REF2012 D020112C HP2012 D022112A, and LP2012 DO22112A 

Figure 65. World petroleum and other liquids supply and demand by region in three cases, 2010 and 2035: History: U S Energy 
Information Administration, Annual Energy Revfew 2010, DOE/ElA-0384(2010) (Washington, DC, October 2011) Projections: 
AE02012 National Energy Modeling System, runs REF2012 D020112C HP2012 D022112A, and LP2012 D022112A 

Figure 66. Total world production of nonpetroleum liquids, bitumen, and extra-heavy oil in three cases, 2010 and 2035: History: 
Derived from U S Energy Information Administration, International Energy Statistics database (as of ianuary 2012), website 

Projections: Generate World Oil Balance (GWOB) Model and AE02012 National Energy Modeling System, runs 
REF2012 D020112C, iLP2012 D022112A, and HP2012 D022112A 

Figure 67. North American natural gas trade, 2010-2035: AE02012 National Energy Modeling System, run REF2012 D020112C 
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Figure 68. World energy consumption by region, 1990-2035: History: U S Energy Information Administration, International Energy 
Statistics database (as of January, 20121, website Projections: U S Energy Information Administration, World 
Energy Projections System Plus (2012) model 

Figure 69. Installed nuclear capacity in OECD and non-OECD countries, 2010 and 2035: U 5 Energy Information Administration, 
World Energy Projections System Plus (2012) model. 

Figure 70. World renewable electricity generation by source, excluding hydropower, 2 0  ory: U S Energy Information 
Administration, International Energy Statistics database (as of January, 2012), website Projections: U S Energy 
Information Administration, World Energy Projections System Plus (2012) model 

Figure 71. Energy use per capita and per dollar of gross domestic product, 1980-2035: History: US. Energy Information 
Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 
National Energy Modeling System, run REF2012 D020112C 

Figure 72. Primary energy use by end-use sector, 2010-2035: History: U S Energy Information Administration, Annual Energy 
Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling System, 
run REF2012 D020112C. 

Figure 73. Primary energy use by fuel, 1980-2035: History: U 5. Energy Information Administration, Annual Energy Review 2010, 
DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy Modeling System, run REF2012. 
D0201'12C 

Figure 74. Residential delivered energy intensity in four cases, 2005-2035: History: U S Energy Information Administration, Annual 
Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling 
System, runs REF2012 D020112C, FROZTECH.D030812A, BESTTECH DO32812A4, and HIGHTECH D032812A 

Figure 75. Change in residential electricity consumption for selected end uses in the Reference case, 2010-2035: AE02012 
National Energy Modeling System, run REF2012.DO20112C 

Figure 76. Ratio of residential delivered energy consumption for selected end uses: AEO2012 National Energy Modeling System, 
runs REF2012 D020112C, BESTTECH.D032812A, HIGHTECH D032812A, and EXTENDED 00506128. 

Figure 77. Residential market penetration by renewable technologies in two cases, 2010, 2020, and 2035: AEO2012 National 
Energy Modeling System, runs REF2012.DO20112C and EXTENDED D050612B. 

Figure 78. Commercial delivered energy intensity in four cases, 2005-2035: History: U S Energy Information Administration, 
Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy 
Modeling System, runs REF2012.D020112C, FROZTECH D030812A, BESTTECH.D032812A, and HIGHTECH.DO32812A. 

Figure 79. Energy intensity of selected commercial electric end uses, 2010 and 2035: AE02012 National Energy Modeling System, 
runs REF2012 D020112C 

Figure 80. Efficiency gains for selected commercial equipment in three cases, 2035: AEO2012 National Energy Modeling System, 
runs REF2012.D020112C, FROZTECH D030812A, and BESTTECH D032812A. 

Figure 81. Additions to electricity generation capacity in the commercial sector in two cases, 2010-2035: AE02012 National 
Energy Modeling System, runs REF2012.DO20112C and EXTENDED.DO50612B 

Figure 82. Industrial delivered energy consumption by application, 2010-2035: AE02012 National Energy Modeling System, run 
R E F 2 01 2. D 0 2  01 '1 2 C 

Figure 83. Industrial energy consumption by fuel, 2010, 2025 and 2035: AE02012 National Energy Modeling System, runs 
REF2012.DO20112C. 

Figure 84. Cumulative growth in value of shipments from energy-intensive industries in three cases, 2010-2035: AE02012 
National Energy Modeling System, runs REF2012.D020112C, HM2012 D022412A, and LM2012.DO22412A. 

Figure 85. Change in delivered energy for energy-intensive industries in three cases, 2010-2035: AEO2012 National Energy 
Modeling System, runs REF2012.D020112C, HM2012 D022412A, and LM2012.DO22412A 

Figure 86. Cumulative growth in value of shipments from non-energy-intensive industries in three cases, 2010-2035: AE02012 
National Energy Modeling System, runs REF2012.D020112C, HM2012 D022412A, and LM2012 D022412A. 

Figure 87, Change in delivered energy for non-energy-intensive industries in three cases, 2010-2035: AE02012 National Energy 
Modeling System, runs REF2012 D020112C, HM2012 D022412A, and LM2012.DO22412A 

Figure 88. Delivered energy consumption for transportation by mode in two cases, 2010 and 2035: AEO2012 National Energy 
Modeling System, runs REF2012 D020112C and CAFEY.DO32112A 

Figure 89. Average fuel economy of new light-duty vehicles in two cases, 1980-2035: History: Oak Ridge National Laboratory, 
Transportation Energy Data Book, Edition 3 0  and Annual (Oak Ridge, TN: 20'11) Projections: AEO2012 National Energy Modeling 
System, runs REF2012.DO20112C and CAFEY.DO32112A. 
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Figure 90. Vehicle miles traveled per licensed driver, 1970-2035: History: Derived from U S Department of Transportation, 
Federal Highway Administration, Highway Statistics 2010 (Washington, DC 2012), website 

Figure 91. Sales of light-duty vehicles using non-gasoline technologies by fuel type, 2010, 2020, and 2035: AE02012 National 
Energy Modeling System, runs REF2012 DO2Oll2C 

Figure 92. Heavy-duty vehicle energy consumption, 1995-2035: History: Derived from 1.1 5 Energy Information Administration, 
Annual Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC October 2011), and Oak Ridge National Laboratory, 
Transportation Energy Data Book, Edition 30 and Annual (Oak Ridge, TN 2011), and U S Department of Transportation, Federal 
Highway Administration, Highway Statistics 2010 (Washington, DC 2012), website 

Figure 93. U.S. electricity demand growth, 1950-2035: History: U S Energy Information Administration, Annual Energy Review 
2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling System, runs 
REF2012 D020112C 

Figure 94. Electricity generation by fuel, 2010, 2020, and 2035: AEO2012 National Energy Modeling System, runs REF2012 
D020112C 

Figure 95. Electricity generation capacity additions by fuel type, including combined heat and power, 2011-2035: AE02012 
National Energy Modeling System, runs REF2012 D020112C 

Figure 96. Additions to  electricity generation capacity, 1985-2035: History: Energy Information Administration, Form EIA-860, 
"Annual Electric Generator Report " Projections: AE02012 National Energy Modeling System, runs REF2012 D020112C 

Figure 97. Electricity sales and power sector generating capacity, 1949-2035. History: U S Energy Information Administration, 
Annual Energy Review 2010, DOE/ElA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy 
Modeling System, run REF2012 D020112C 

Figure 98. Levelized electricity costs for new power plants, excluding subsidies, 2020  and 2035: AE02012 National Energy 
Modeling System, run REF2012 DO20112C 

Figure 99. Electricity generating capacity at US. nuclear power plants in three cases, 2010, 2025, and 2035: AEO2012 National 
Energy Modeling System, runs REF2012 DO20112C, LM2012 DO22412A, and HM2012 D022412A 

Figure 100. Nonhydropower renewable electricity generation capacity by energy source, including end-use capacity, 2010-2035: 
AE02012 National Energy Modeling System, runs REF2012 DO20112 

Figure 101. Hydropower and other renewable electricity generation, including end-use generation, 2010-2035: AE02012 National 
Energy Modeling System, runs REF2012 DO20112C 

Figure 102. Regional growth in nonhydroelectric renewable electricity generation, including end-use generatian, 2010-2035: 
AEO2012 National Energy Modeling System, runs REF2012 D020112C 

Figure 103. Annual average Henry Hub spot natural gas prices, 1990-2035: History: U S Energy Information Administration, 
Short-Term Energy Outlook Query System, Monthly Natural Gas Data, Variable NGHHUUS Projections: AEO2012 National Energy 
Modeling System, run REF2012 D02Oll2C 

Figure 104. Ratio of low-sulfur light crude oil price to Henry Hub natural gas price on an energy equivalent basis, 1990-2035: 
History: U S Energy Information Administration, Short-Term Energy Outlook Query System, Monthly Natural Gas Data, Variable 
NGHHUUS, and U S Energy Information Administration, Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report" 
Projections: AEO2012 National Energy Modeling System, run REF2012 D020112C 

Figure 105. Annual average Henry Hub spot natural gas prices in seven cases, 1990-2035: History: U S Energy Information 
Administration, Natural Gas Annual 2010, DOE/EIA-0131(2010) (Washington, DC, December 2011) Projections: AE02012 
National Energy Modeling System, runs REF2012 D020112C, REF2012 HEURl2 DO22112A, REF2012 LEURl2 DO22112A, LM2012 
DO22412A, and HM2012 DO22412A 

Figure 106. Natural gas production, consumption, and net imports, 1990-2035: History: U S Energy Information Administration, 
Natural Gas Annual 2070, DOE/EIA-0131(2010) (Washington, DC, December 2011) Projections: AE02012 National Energy 
Modeling System, runs REF2012 D020112C 

Figure 107. Natural gas production by source, 1990-2035: History: U S Energy Information Administration, Natural Gas Annual 
2070, DOE/EIA-0131(2010) (Washlngton, DC, December 2011) Projections: AE02012 National Energy Modeling System, runs 
R E  F20 12 D 0201 12 C 
Figure 108. Lower 48 onshore natural gas production by region, 2010 and 2035: AE02012 National Energy Modeling System, runs 
REF2012 D020112C 

Projections: AE02012 National Energy Modeling System, run REF2012 DO2Oll2C 

Projections: AEO2012 National Energy Modeling System, run REF2012 D020112C 
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Figure 109. U.S. net imports of natural gas by source, 1990-2035: History: U S Energy Information Administration, Natural Gas 
Annua12070, DOE/EIA-0131(2010) (Washington, DC, December 2011) Projections: AE02012 National Energy Modeling System, 
runs REF2012 D020112C. 

Figure 110. Consumption of petroleum and other liquids by sector, 1990-2035: History: U.S. Energy Information Administration, 
Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy 
Modeling System, run REF2012 D020112C. 

Figure 111. U.S. production of petroleum and other liquids by source, 2010-2035: AE02012 National Energy Modeling System, run 
REF2012.DO20112C. 

Figure 112. Domestic crude oil production by source, 1990-2035: History: U S Energy Information Administration, Petroleum Supply 
Annual2070, DOE/EIA-0340(2010)/1 (Washington, DC, July 2011) Projections: AE02012 National Energy Modeling System, run 
REF2012 DO2Oll2C 

Figure 113. Total U.S. crude oil production in six cases, 1990-2035: History: U S Energy Information Administration, Annual Energy 
Review 2OJ0, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling System, 
run REF2012 D020112C, LP2012.D022112A, HP2012 D022112A, REF2012 HEUR12.D022112A, REF2012 LEUR D022112A, and 
HTRR12 D050412A. 

Figure 114. Net import share of US. petroleum and other liquids consumption in three cases, 1990-2035: History: U.S. Energy 
Information Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: 
AE02012 National Energy Modeling System, run REF2012 D020112C, LP2012 D022112A, and HP2Ol2 D022112A 

Figure 1'15. ElSA2007 RFS credits earned in selected years, 2010-2035: AE02012 National Energy Modeling System, run REF2012 
D020112C 

Figure 116. U.S. ethanol use in blended gasoline and E85, 2000-2035: History: U S Energy Information Administration, Annual 
Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AEO2012 National Energy Modeling 
System, run REF2012 D020112C 

Figure 117. U.S. motor gasoline and diesel fuel consumption, 2000-2035: History: U S. Energy Information Administration, Annual 
Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011) Projections: AE02012 National Energy Modeling 
System, run REF2012 DO20112C 

Figure 118. Coal production by region, 1970-2035: History (short tons): 1970-1990: U S. Energy Information Administration, 
The U.S. Coal Industry, 1970-7990: Two Decades of Change, DOE/EIA-0559 (Washington, DC, November 2002). 1991-2000: US.  
Energy Information Administration, Coal Industry Annual, DOE/EIA-0584 (various years). 2001-2010: US. Energy Information 
Administration, Annual Coal Report 2070, DOE/EIA-0584(2010) (Washington, DC, November 20111, and previous issues. History 
(conversion to  quadrillion Btu): 1970-2010: Estimation Procedure: Estimates of average heat content by region and year are based 
on coal quality data collected through various energy surveys (see sources) and national-level estimates of U.S. coal production by 
year in units of quadrillion Btu, published in EIA's Annual Energy Review Sources: U S Energy Information Administration, Annual 
Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 20111, Table 1 2; Form EIA-3, "Quarterly Coal Consumption 
and Quality Report, Manufacturing and Transformation/Processing Coal Plants and Commercial and Institutional Coal Users"; 
Form EIA-5, "Quarterly Coal Consumption and Quality Report, Coke Plants"; Form EIA-6A, "Coal Distribution Report"; Form 
EIA-7A, "Annual Coal Production and Preparation Report"; Form EIA-423, "Monthly Cost and Quality of Fuels for Electric Plants 
Report"; Form EIA-906, "Power Plant Report"; Form EIA-920, "Combined Heat and Power Plant Report", Form EIA-923, "Power 
Plant Operations Report"; U.S. Department of Commerce, Bureau of the Census, "Monthly Report EM 545"; and Federal Energy 
Regulatory Commission, Form 423, "Monthly Report of Cost and Quality of Fuels for Electric Plants." Projections: AE02012 
National Energy Modeling System, run REF2012.DO20112C. Note For 1989-2035, coal production includes waste coal 

Figure 119. U.S. total coal production in six cases, 2010,2020, and 2035: AEO2012 National Energy Modeling System, run REF2012. 
DOZOIlZC, LCCST12.D031312A, HP2012.D022112A, HM2012.D022412A, LM2012 D022412A, and C02FEE15.DO31312A Note: 
Coal production includes waste coal 

Figure 120. Average annual minemouth coal prices by region, 1990-2035: History (dollars per short ton): 1990-2000: U 5. 
Energy Information Administration, Coal Industry Annual, DOE/EIA-0584 (various years). 2001-2010: U.S. Energy Information 
Administration, Annual Coal Report 2010, DOE/EIA-0584(2010) (Washington, DC, November 2011), and previous issues 
History (conversion to  dollars per million Btu): 1970-2009: Estimation Procedure: Estimates of average heat content by region 
and year based on coal quality data collected through various energy surveys (see sources) and national-level estimates of U.S. 
coal production by year in units of quadrillion Btu published in EIAs Annual Energy Review. Sources: US. Energy Information 
Administration, Annual Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 2011), Table 1 2; Form EIA-3, 
"Quarterly Coal Consumption and Quality Report, Manufacturing and Transformation/Processing Coal Plants and Commercial 
and Institutional Coal Users"; Form EIA-5, "Quarterly Coal Consumption and Quality Report, Coke Plants"; Form EIA-6A, "Coal 
Distribution Report", Form EIA-7A, "Annual Coal Production and Preparation Report"; Form EIA-423, "Monthly Cost and Quality 
of Fuels for Electric Plants Report", Form EIA-906, "Power Plant Report", and Form EIA-920, "Combined Heat and Power Plant 

, 
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Report", Form EIA-923, "Power Plant Operations Report", U S Department of Commerce, Bureau of the Census, "Monthly Report 
EM 545", and Federal Energy Regulatory Commission, Form 423, "Monthly Report of Cost and Quality of Fuels for Electric Plants" 
Projections: AE02012 National Energy Modeling System, run REF2012 D020112C Note: Includes reported prices for both open- 
market and captive mines 

Figure 121. Cumulative coal -fired generating capacity additions by sector in two cases, 2011-2035: AE02012 National Energy 
Modeling System, run REF2012 D020112C and NOGHGCONCERN D031212A 

Figure 122. U.S. energy-related carbon dioxide emissions by sector and fuel, 2005 and 2035: AE02012 National Energy Modeling 
System, run REF2012.D020112C 

Figure 123. Sulfur dioxide emissions from electricity generation, 1990-2035: 1990, 2000, 2005: U S Environmental Protection 
Agency, NationalAir Pollutant Emissions Tlends, 1990-1998, EPA-454/R-00-002 (Washington, DC, March 2000),  U 5 Environmental 
Protection Agency, Acid Rain Program Preliminary Summary Emissions Report, Fourth Quarter 2004, website 
2010 and Projections: AE02012 National Energy Modeling System, run REF2012 D020112C 

Figure 124. Nitrogen oxide emissions from electricity generation, 1990-2035: History: 1990, 2000,  2005:  U S Environmental 
Protection Agency, National Air Pollutant Emissions Trends, 1990-7998, EPA-454/R-00-002 (Washington, DC, March 20001, U S 
Environmental Protection Agency, Acid Rain Program Preliininary Summary Emissions Report, Fourth Quarter 2004, website 

, 2010 and Projections: AE02012 National Energy Modeling System, run REF2012 D020112C 
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Exliibit_RW-6 

Reference case 
- Supply, disposition, and prices 

2009 2010 2015 2020 2025 2030 2035 

Appendix A 

eference case 

Annual 
growth 

2010-2035 
(percent) 

Table Al .  Total energy supply, disposition, and price summary 
(quadrillion Btu per year, unless otherwise noted) 

Production 
Crude oil and lease condensate 
Natural gas plant liquids 
Dry natural gas 
Coal' 
Nuclear I uranium2 
Hydropower 
Biomass3 
Other renewable energy4 
Othef 

Total . . . . I . . . . . . . . . . . . . . . . . . . . 
Imports 

Crude oil 
Liquid fuels and other petroleum6 
Natural gas' 
Other imports' 

Total 

Exports 
Liquid fuels and other petroleumg 
Natural gas" 
Coal 

Total . I I . . . " . .  

Discrepancy" . . . . . . . . . . . 

Consumption 
Liquid fuels and other petroleum'2 
Natural gas 
CoaP 
Nuclear I uranium' 
Hydropower 
Biomassi4 
Other renewable energy' 
Other" 

Total 

Prices (2010 dollars per unit) 
Petroleum (dollars per barrel) 

Low sulfur light crude oil 
Imported crude oili6 

at Henry hub 
at the wellhead" 

Natural gas (dollars per thousand cubic feet) 
at the wellhead" 

Coal (dollars per ton) 
at the minemouth'* 

Coal (dollars per million Btu) 
at the minemouth" 
Average end-uselg 

Natural gas (dollars per million Btu) 

Average electricity (cents per kilowatthour) 

11 35 
2 57 

21 09 
21 63 

8 36 
2 67 
3 72 
111 
0 47 

72.97 

19 70 
5 40 
3 85 
0 61 

29.56 

4 20 
108  
151 
6.79 

1.04 

36 50 
23 43 
19 62 
8 36 
2 67 
2 72 
I l l  
0 32 

94.71 

62 37 
59 72 

4 00 
3 75 

3 85 

33 62 

1 6 8  
2 32 

9 9  

1 1  59 
2 78 

22 10 
22 06 

8 44 
2 51 
4 05 
1 34 
0 64 

75.50 

20 14 
5 02 
3 81 
0 52 

29.49 

4 81 
1 1 5  
2 10 
8.06 

-1.23 

37 25 
24 71 
20 76 
8 44 
2 51 
2 88 
1 34 
0 29 

98.16 

79 39 
75 87 

4 39 
4 06 

4 16 

35 61 

1 7 6  
2 38 

13 23 
3 33 

24 22 
20 24 

8 68 
2 90 
4 45 
199  
0 60 

79.64 

18 87 
4 32 
3 73 
0 44 

27.37 

5 00 
193  
2 73 
9.66 

-0.08 

36 72 
26 00 
17 80 
8 68 
2 90 
3 04 
199  
0 30 

97.43 

I16 91 
113 97 

4 29 
3 84 

3 94 

42 08 

2 08 
2 56 

14 40 
3 79 

25 69 
20 74 

9 28 
2 95 
5 26 
2 04 
0 64 

84.80 

16 00 
4 03 
3 49 
0 72 

24.25 

4 39 
3 09 
2 36 
9.84 

-0.10 

36 38 
26 07 
18 73 
9 28 
2 95 
3 58 
2 04 
0 29 

99.32 

126 68 
11574 

4 58 
4 10 

4 19 

40 96 

2 06 
2 58 

13 77 
3 93 

26 91 
22 25 

9 60 
2 99 
6 26 
2 22 
0 69 

88.61 

16 23 
4 08 
2 75 
1 0 7  

24.14 

4 46 
3 51 
2 82 

10.79 

-0.03 

36 58 
26 14 
20 02 
9 60 
2 99 
4 17 
2 22 
0 28 

101.99 

132 56 
121 21 

5 63 
5 00 

5 12 

44 05 

2 23 
2 70 

13 71 
3 98 

27 58 
23 22 

9 56 
3 02 
7 60 
2 41 
0 79 

91.87 

16 04 
4 04 
3 00 
0 78 

23.86 

4 67 
3 86 
2 85 

11.38 

0.04 

36 99 
26 72 
20 59 

9 56 
3 02 
4 78 
241  
0 25 

104.32 

138 49 
126 51 

6 29 
5 56 

5 69 

47 28 

2 39 
2 81 

12 89 
3 94 

28 60 
24 14 

9 28 
3 04 
9 07 
2 81 
0 91 

94.67 

16 90 
4 14 
2 84 
0 81 

24.69 

4 95 
4 17 
3 13 

12.25 

0.18 

37 70 
27 26 
21 15 

9 28 
3 04 
5 44 
2 81 
0 24 

106.93 

144 98 
132 95 

7 37 
6 48 

6 64 

50 52 

2 56 
2 94 

9.8 9 7  9 6  9 7  9 8  101  
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0 4% 
1.4% 
1 .O% 
0 4% 
0 4% 
0.8% 
3 3% 
3.0% 
1.4% 
0.9% 

-0.7% 
-0 8% 
-1 2% 

1 8% 
-0.7% 

0 1% 
5 3% 
16% 
1.7% 

_ _  
0.0% 
0 4% 
0.1% 
0 4% 
0.8% 
2.6% 
3.0% 

0.3% 
-0.6% 

2 4% 
2.3% 

2 1% 
1"9% 

1"9% 

1.4% 

1.5% 
0.9% 
0.1% 
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Reference case 
Supply, disposition, and prices 

2009 2010 2015 2020 2025 2030 2035 

Annual 
growth 

2010-2035 
(percent) 

~ 

Table A l .  Total energy supply, disposition, and price summary (continued) 
(quadrillion Btu per year, unless otherwise noted) 

I I 

Prices (nominal dollars per unit) 
Petroleum (dollars per barrel) 

Low sulfur light crude oil 61 65 
Imported crude oil" 59 04 

Natural gas (dollars per million Btu) 
at Henry hub 3 95 
at the wellheadi7 3 71 

at the wellheadi7 3 80 

at the minemouthin 33 24 

at the minemouthis 1 66 
Average end-usei9 2 30 

9 8  

Natural gas (dollars per thousand cubic feet) 

Coal (dollars per ton) 

Coal (dollars per million Btu) 

Average electricity (cents per krlowatthour) 

79 39 
75 87 

125 97 
122 81 

148 a7 
136 02 

170 09 
155 52 

7 23 
6.42 

197 10 
180 06 

229 55 
210.51 

4 3% 
4 2% 

4.39 
4.06 

4 62 
4 14 

5.39 
4.81 

8 95 
7 92 

11.67 
10.26 

4 0% 
3 8% 

4 16 4 24 4 93 6.57 

56.52 

8 1 1  10 51 

80 00 

3 8% 

3 3% 35.61 45.34 48 13 67 28 

176  
2 38 

9 8  

2 24 
2 76 
10 4 

2 42 
3 03 
1 1  3 

2.86 
3.47 
12.5 

3.4 1 
4.01 
13 9 

4 05 
4 66 
16.0 

3.4% 
2.7% 
2.0% 

'Includes waste coal 
'These values represent the energy obtained from uranium when it is used in light water reactors The total energy content of uranium is much larger. but alternative 

processes are required to take advantage of it 
'Includes grid-connected electricity from wood and wood waste; biomass, such as corn, used for liquid fuels production; and nonelectric energy demand from wood 

Refer to Table A17 for details. 
"Includes grid-connected electricity from landfill gas; biogenic municipal waste; wind; photovoltaic and solar thermal sources; and non-electric energy from renewable 

sources, such as active and passive solar systems Excludes electricity imports using renewable sources and nonmarketed renewable energy See Table A17 for 
selected nonmarketed residential and commercial renewable energy data 

Slncludes non-biogenic municipal waste, liquid hydrogen, methanol, and some domestic inputs to refineries 
'Includes imports of finished petroleum products, unfinished oils, alcohols, ethers, blending components, and renewable fuels such as ethanol 
'Includes imports of liquefied natural gas that is later re-exported 
'Includes coal, coal coke (net), and electricity (net) Excludes imports of fuel used in nuclear power plants 
'Includes crude oil, petroleum products, ethanol, and biodiesel 
"Includes re-exported liquefied natural gas 
"Balancing item. Includes unaccounted for supply, losses, gains, and net storage withdrawals. 
"Includes petroleum-derived fuels and non-petroleum derived fuels, such as ethanol and biodiesel, and coal-based synthetic liquids Petroleum coke, which is a 

solid, is included Also included are natural gas plant liquids and crude oil consumed as a fuel Refer to Table A17 for detailed renewable liquid fuels consumption 
"Excludes coal converted to coal-based synthetic liquids and natural gas 
"Includes grid-connected electricity from wood and wood waste, non-electric energy from wood, and biofuels heat and coproducts used in the production of liquid 

fuels, but excludes the energy content of the liquid fuels 
'Slncludes non-biogenic municipal waste, liquid hydrogen, and net electricity imports 
''Weighted average price delivered to U S .  refiners 
"Represents lower 48 onshore and offshore supplies 
'81ncludes reported prices for both open market and captive mines 
"Prices weighted by consumption; weighted average excludes residential and commercial prices, and export free-alongside-ship (fa s ) prices 
Btu = British thermal unit 
- ~ = Not applicable 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 natural gas supply values: U S Energy Information Administration (EIA), Nalural Gas Annual 2009, DOEIEIA-0131(2009) (Washington, DC, 

December 2010) 2010 natural gas supply values and natural gas wellhead price: EIA. Natural Gas Monthly, DOE/EIA-0130(2011/07) (Washington, DC, July 201 1) 
2009 natural gas wellhead price: U S  Department of the Interior, Office of Natural Resources Revenue; and EIA. Natural Gas Annual 2009, DOEIEIA-O131(2009) 
(Washington, DC, December 2010) 2009 and 2010 coal minemouth and delivered coal prices: EIA, Annual Coal Report 2010, DOE/EIA-0584(2010) (Washington, 
DC, November 201 1) 20 10 petroleum supply values and 2009 crude oiland lease condensate production: EIA, Petmleum Supp/yAnnua/2010, DOE/EIA-0340(2010)/1 
(Washington, DC, July 201 1) Other 2009 petroleum supplyvalues: EIA. Pelroleurn Supply Annual 2009, DOE/EIA-0340(2009)/1 (Washington, DC. July 2010) 2009 
and 20 10 low sulfur light crude oil price: EIA, Form EIA-856. "Monthly Foreign Crude Oil Acquisition Report." Other 2009 and 2010 coal values: Quarterly Coal Report. 
October-Decernber2010.D0E/EIA-0121(2010/4Q)(Washington, DC, May201 1) Other2009 and 2010values: EIA,Annua/EnergyReview2010, DOE/EIA-03&2(2010) 
(Washington, DC. October 201 1) Projections: EIA, AE02012 National Energy Modeling System run REF2012 DO201 12C 
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Reference case 

Sector and source 

2009 2010 2015 2020 2025 2030 2035 
I 

Energy consumption 

Residential 
Liquefied petroleum gases 
Kerosene 
Distillate fuel oil 

Natural gas 
Coal 
Renewable energy’ 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Delivered energy I . . . . . I . . . . . . . . 
Total . . . . . . . . I . . . . . . I . . 

..- 
Annual 
g rowth  

2010-2035 
(percent) 

Commercial 
Liquefied petroleum gases 
Motor gasoline’ 
Kerosene 
Distillate fuel oil 
Residual fuel oil 

Natural gas 
Coal 
Renewable energy3 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Delivered energy . . I . . I . I . . . . . . . 
Total . . . . . . I . . ”  ” . .  I . ” . .  . . . I I ”  ~” 

Industrial4 
Liquefied petroleum gases 
Motor gasoline? 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleum’ 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuel6 

Natural gas subtotal 
Metallurgical coal 
Other industrial coal 
Coal-to-liquids heat and power 
Net coal coke imports 

Biofuels heat and coproducts 
Renewable energy’ 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Coal subtotal 

Delivered energy . . . . 
Total 

0 51 
0 03 
0 60 
1 1 4  
4 90 
0 01 
0 43 
4 66 

11 13 
9 80 

20 93 

0 13 
0 05 
0 00 
0 4 1  
0 08 
0 68 
3 20 
0 07 
0 11 
4 46 
8.51 
9 39 

17.90 

2 00 
0 24 
1 1 1  
0 1 1  
0 90 
3 57 
7 93 
6 32 
0 00 
1 3 1  
7 63 
0 40 
0 94 
0 00 

-0 02 
1 3 2  
0 82 
1 3 7  
3 13 

22.20 
6 59 

28.79 

0 56 
0 03 
0 63 
1 2 2  
5 06 
0 01 
0 42 
4 95 

11.66 
10 39 
22.05 

0 14 
0 05 
0 00 
0 43 
0 08 
0 72 
3 28 
0 06 
0 11 
4 54 
8.70 
9 52 

18.22 

2 00 
0 25 
1 1 6  
0 12 
0 94 
3 59 
8 05 
6 76 
0 00 
1 37 
8 14 
0 55 
1 0 1  
0 00 

-0 01 
1 5 6  
0 84 
1 5 0  
3 28 

23.37 
6 89 

30.26 

0 51 
0 02 
0 55 
1 0 8  
4 97 
0 01 
0 43 
4 75 

11.24 
9 58 

20.81 

0 14 
0 05 
0 00 
0 35 
0 08 
0 62 
3 41 
0 06 
0 11 
4 59 
8.80 
9 27 

18.06 

1 8 3  
0 28 
1 2 5  
0 09 
1 0 1  
3 44 
7 89 
7 19 
0 00 
1 4 3  
8 62 
0 57 
103  
0 00 

-0 01 
1 5 9  
0 81 
1 6 1  
3 44 

23.96 
6 94 

30.90 

0 50 
0 02 
0 48 
1 0 1  
4 95 
0 01 
0 43 
4 96 

11.36 
10 01 
21 “36 

0 14 
0 05 
0 00 
0 34 
0 08 
0 62 
3 51 
0 06 
0 11 
4 88 
9.18 
9 85 

19.03 

2 06 
0 30 
1 1 8  
0 08 
1 2 0  
3 18 
7 99 
7 26 
0 00 
1 5 5  
8 80 
0 48 
1 04 
0 26 

-0 02 
1 76 
0 96 
1 67 
3 46 

24.64 
6 97 

31.61 

0 50 
0 02 
0 43 
0 95 
4 88 
0 01 
0 43 
5 23 

11.51 
10 52 
22.02 

0 15 
0 05 
0 00 
0 33 
0 08 
0 62 
3 53 
0 06 
0 1 1  
5 16 
9.48 

10 38 
19.86 

2 17 
0 30 
1 1 9  
0 08 
1 2 9  
3 11 
8 13 
7 32 
0 00 
1.57 
8.89 
0 49 
1 0 8  
0 36 

-0 03 
1 9 0  
1 2 7  
1.82 
3 52 

25.53 
7.09 

32.61 

0 51 
0 02 
0 38 
0 91 
4 84 
0 01 
0 43 
5 55 

11.73 
10 95 
22.68 

0 15 
0 06 
0 01 
0 33 
0 08 
0 62 
3 60 
0 06 
0 11 
5 48 
9.87 

10 82 
20.69 

2 18 
0 30 
1 1 7  
0 08 
1 3 1  
3 09 
8 13 
7 21 
0 00 
1 5 9  
8 80 
0 46 
1 0 8  
0 48 

-0 04 
1 9 8  
1 92 
1 87 
3 44 

26.14 
6 80 

32.93 
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0 51 
0 02 
0 35 
0 87 
4 76 
0 01 
0 43 
5 86 

11 ”93 
11 35 
23 28 

0 16 
0 06 
0 01 
0 32 
0 08 
0 62 
3 69 
0 06 
0 11 
5 80 

10.28 
11 23 
21 “50 

2 15 
0 30 
1 1 8  
0 08 
1 3 0  
3 19 
8 21 
7 18 
0 00 
1 63 
8 81 
0 43 
1 0 8  
0 60 

-0 06 
2 06 
2 57 
1 95 
3 33 

26.94 
6 46 

33.39 

-0 4% 
-1 7% 
-2 3% 
-1 3% 
-0 2% 
-1 1% 
0 1% 
0 7% 
0.1% 
0 4% 
0.2% 

0 3% 
0 4% 
0 7% 

-1 2% 
-0 0% 
-0 5% 
0 5% 

-0 0% 
0 0% 
1 0 %  
0 7% 
0 7% 
0.7% 

0 3% 
0 8% 
0 1% 

-1 3% 
1 3 %  

-0 5% 
0 1% 
0 2% 

0 7% 
0 3% 

-1 0% 
0 3% 

9 3% 
1 1 %  
4 6% 
1 1 %  
0 1% 
0.6% 

-0 3% 
0.4% 

_ -  

- -  
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Table A2. Energy consumption by sector and source (continued) 
(quadrillion Btu per year, uiiless otherwise noted) 

Reference case 

Sector and source 

2009 2010 2015 2020 2025 2030 2035 

Annual 
g rowth  

2010-2035 
(percent) - 

Transportation 
Liquefied petroleum gases 
E85' 
Motor gasoline2 
Jet fuel9 
Distillate fuel oil" 
Residual fuel oil 
Other petroleum" 

Pipeline fuel natural gas 
compressed I liquefied natural gas 
Liquid hydrogen 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Delivered energy . . . . . . . I . . . . . . . . . . 
Total ~ " .  . . . . . " . .  . . "  . . . . . . . 

Delivered energy consumption for  all 
sectors 

LiqtJefied petroleum gases 
E85' 
Motor gasoline2 
Jet fuelg 
Kerosene 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleum'2 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuel6 
Pipeline natural gas 

Natural gas subtotal 
Metallurgical coal 
Other coal 
Coal-to-liquids heat and power 
Net coal coke imports 

Biofiiels heat and coproducts 
Renewable energy13 
Liquid hydrogen 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Coal Subtotal 

Delivered energy 

Total 

Electric power14 
Distillate fuel oil 
Residual fuel oil 

Natural gas 
Steam coal 
Nuclear I ~ r a n i u m ' ~  
Renewable energyi6 
Electricity imports 

Liquid fuels and other petroleum subtotal 

Total" . . , I . . . . . . I . . . . . . . . . . . . 

0 05 
0 00 

16 84 
2 98 
5 53 
0 81 
0 16 

26 36 
0 61 
0 04 
0 00 
0 02 

27.04 
0 05 

27.09 

2 69 
0 00 

17 13 
2 98 
0 04 
7 65 
0 99 
0 90 
3 72 

36 10 
14 46 
0 00 
131 
0 61 

16 38 
0 40 
101 
0 00 

-0 02 
139  
0 82 
191 
0 00 

12 27 
68.87 
25 83 
94.71 

0 07 
0 32 
0 39 
7 04 

18 23 
8 36 
3 77 
0 12 

38.10 

0 04 
0 00 

16 91 
3 07 
5 77 
0 90 
0 17 

26 88 
0 65 
0 04 
0 00 
0 02 

27.59 
0 05 

27.63 

2 75 
0 00 

17 21 
3 07 
0 04 
7 99 
1 1 1  
0 94 
3 76 

36 87 
15 15 
0 00 
1 37 
0 65 

17 17 
0 55 
1 0 8  
0 00 

-0 01 
162 
0 84 
2 03 
0 00 

12 79 
71.32 
26 84 
98.16 

0 08 
0 30 
0 38 
7 54 

19 13 
8 44 
3 85 
0 09 

39.63 

0 04 
0 01 

16 13 
3 03 
6 55 
0 91 
0 17 

26 83 
0 68 

0 00 
0 03 

27.60 
0 05 

27.65 

a 06 

2 51 
0 01 

16 46 
3 03 
0 03 
8 69 
108  
101 
3 61 

36 43 
15 64 
0 00 
143  
0 68 

17 75 
0 57 
109  
0 00 

-0 01 
165  
0 81 
2 15 
0 00 

12 81 
71.59 
25 84 
97.43 

0 08 
0 21 
0 29 
8 25 

16 15 
8 68 
4 96 
0 10 

38.64 

0 04 
0 13 

15 31 
3 09 
6 80 
0 92 
0 17 

26 46 
0 67 
0 09 
0 00 
0 03 

27.25 
0 06 

27.32 

2 74 
0 13 

15 66 
3 09 
0 03 
8 81 
108 
1 20 
3 34 

36 08 
15 81 
0 00 
1 55 
0 67 

18 03 
0 48 
110  
0 26 

-0 02 
182  
0 96 
2 21 
0 00 

13 33 
72.43 
26 89 
99.32 

0 09 
0 21 
0 30 
8 05 

16 91 
9 28 
5 40 
0 09 

40 22 

0 04 
0 30 

14 90 
3 19 
7 03 
0 93 
0 17 

26 57 
0 67 
0 11 
0 00 
0 04 

27.40 
0 08 

27.49 

2 86 
0 30 

15 25 
3 19 
0 03 
8 99 
109  
1 29 
3 27 

36 28 
15 85 
0 00 
1 57 
0 67 

18 09 
0 49 
114 
0 36 

196 
127  
2 36 
0 00 

13 96 
73.92 
28 07 

101.99 

-0 03 

0 09 
0 22 
0 31 
8 04 

18 06 
9 60 
5 75 
0 08 

42.03 

0 05 
0 72 

14 69 
3 27 
7 20 
0 93 
0 17 

27 02 
0 68 
0 14 
0 00 
0 06 

27.90 
0 1 1  

28.01 

2 88 
0 72 

15 04 
3 27 
0 03 
9 08 
1 0 9  
131 
3 26 

36 68 
1579 
0 00 
159  
0 68 

18 06 
0 46 
114 
0 48 

2 04 
192 
2 41 
0 00 

14 53 
75.64 
28 67 

104.32 

-0 04 

0 09 
0 22 
0 31 
8 66 

18 55 
9 56 
5 87 
0 05 

43.20 

0 05 
122 

14 53 
3 33 
7 44 
0 94 
0 17 

27 67 
0 69 
0 16 
0 00 
0 07 

28.60 
0 14 

28.75 

2 86 
122  

14 88 
3 33 
0 03 
9 29 
1 1 1  
130 
3 36 

37 38 
15 79 
0 00 
1 6 3  
0 69 

18 11 
0 43 
1 1 5  
0 60 

-0 06 
2 12 
2 57 
2 50 
0 00 

15 06 
77.75 
29 18 

106.93 

0 09 
0 23 
0 32 
9 16 

19 03 
9 28 
6 22 
0 04 

44.24 

0 5% 
27 0% 
-0 6% 
0 3% 
1 .O% 
0.2% 
0.0% 
0.1% 
0.2% 
5.7% 

4.8% 
0.1% 
4 5% 
0.2% 

- -  

0.2% 
27.0% 
-0 6% 
0 3% 

-1 2% 
0 6% 
0 0% 
13% 

-0.4% 
0 1% 
0 2% 

0.7% 
0.2% 
0.2% 

-1 "0% 
0.3% 

9.3% 
1.1% 
4.6% 
0.8% 

0.7% 
0.3% 
0.3% 

_ _  

- -  

_ _  

0.3% 

0.5% 
-1.1% 
-0.7% 
0.8% 

-0.0% 
0.4% 
19% 

-2.9% 
0.4% 
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Exhibit-RW-6 

2009 

Table A2. Energy consumption by sector and source (continued) 
(quadi-illioii Btu per year, unless otherwise noted) 

01 0-2035 
2010 2015 2020 2025 2030 

Total energy consumpt ion 
Liquefied petroleum gases 
E85' 
Motor gasoline' 
Jet fuelg 
Kerosene 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleumiz 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuel6 
Pipeline natural gas 

Natural gas subtotal 
Metallurgical coal 
Other coal 
Coal-to-liquids heat and power 
Net coal coke imports 

Nuclear / u r a n i i ~ m ' ~  
Biofuels heat and coproducts 
Renewable energy" 
Liquid hydrogen 
Electricity imports 

Liquid fuels and other petroleum subtotal 

Coal subtotal 

Total . . . . . . . . . . . ._ I . _ . . I .  I .  . . .  
Energy use  and related stat ist ics 

Delivered energy use 
Total energy use 
Ethanol consumed in motor gasoline and E85 
Population (millions) 
Gross domestic product (billion 2005 dollars) 

2 69 
0 00 

17 13 
2 98 
0 04 
7 72 
1 32 
0 90 
3 72 

36 50 
21 51 

0 00 
1 3 1  
0 61 

23 43 
0 40 

19 23 

-0 02 
19 62 
8 36 
0 82 
5 68 
0 00 
0 12 

94.71 

o 00 

68 87 
94 71 

0 96 
307 84 
12703 

Carbon dioxide emissions (million metric tons) 5424.8 

'Includes wood used lor residential heating See Table A4 andlor Table A17 for estimates of nonmarketed renewable energy consumption for geothermal heat pumps, 

'Includes ethanol (blends of 15 percent or less) and ethers blended into gasoline. 
3Excludes ethanol Includes commercial sector consumption of wood and wood waste, landfill gas, municipal waste, and other biomassfor combined heat and power. 

See Table A5 and/or Table A17 for estimates of nonmarketed renewable energy consumption for solar thermal water heating and electricity generation from wind and 
solar photovoltaic sources 

41ncludes energy lor combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes petroleum coke, asphalt, road oil, lubricants, still gas, and miscellaneous petroleum products. 
'Represents natural gas used in well, field, and lease operations, and in natural gas processing plant machinery 
'Includes consumption of energy produced from hydroelectric, wood and wood waste, municipal waste, and other biomass sources Excludes ethanol blends (15 

percent or less) in motor gasoline 
'E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold starting issues, the percentage of ethanol 

varies seasonally The annual average ethanol content of 74 percent is used for this forecast. 
'Includes only kerosene type 
''Diesel fuel for on- and off- road use 
"Includes aviation gasoline and lubricants 
"Includes unfinished oils, natural gasoline, motor gasoline blending components, aviation gasoline, lubricants, still gas, asphalt, road oil, petroleum coke, and 

"Includes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources Excludes ethanol and 

''Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the 

"These values represent the energy obtained from uranium when it is used in light water reactors The total energy content of uranium is much larger, but alternative 

"Includes conventional hydroelectric, geothermal, wood and wood waste, biogenic municipal waste, other biomass, wind, photovoltaic, and solar thermal sources 

"Includes non-biogenic municipal waste not included above 
"Includes conventional hydroelectric, geothermal, wood and wood waste, biogenic municipal waste, other biomass, wind, photovoltaic, and solar thermal sources 

Excludes ethanol, net electricity imports. and nonmarketed renewable energy consumption for geothermal heatpumps, buildings photovoltaicsystems, and solar thermal 
water heaters 

solar thermal water heating, and electricity generation from wind and solar photovoltaic sources 

miscellaneous petroleum products 

nonmarketed renewable energy consumption for geothermal heat pumps, buildings photovoltaic systems, and solar thermal water heaters 

public 

processes are required to take advantage of It. 

Excludes net electricity imports 

Btu = British thermal unit 
- - = Not applicable. 
Note: Totals may not equal sum of components due to independent rounding Data for 2003 and 2010 are model results and may differ slightly from official EIA 

data reports. 
Sources: 2009 and 2010 consumption based on: U S Energy Information Administration (EIA), AnnualEnergy Review 2010, DOE/EIA-0384(2010) (Washington, 

DC, October 201 1) 2003 and 2010 population and gross domestic product: IHS Global Insight Industry and Employment models, August 201 1 2009 and 2010 carbon 
dioxide emissions: EIA, Mo!J//J/~ Energy Review. October 201 1 DOE/EIA-0035(2011/10) (Washington, DC. October 201 1) Projections: EIA, AE02012 National 
Energy Modeling System run REF2012 DO201 12C 

2 75 
0 00 

17 21 
3 07 
0 04 
8 07 
1 4 1  
0 94 
3 76 

37 25 
22 69 
0 00 
1 3 7  
0 65 

24 71 
0 55 

20 21 
0 00 

-0 01 
20 76 

8 44 
0 84 
5 88 
0 00 
0 09 

98.16 

71 32 
98 16 

1 1 1  
310 83 
13088 

5633 6 

2 51 
0 01 

16 46 
3 03 
0 03 
8 78 
1 2 9  
1 0 1  
3 61 

36 72 
23 89 

0 00 
1 4 3  
0 68 

26 00 
0 57 

17 24 
0 00 

-0 01 
17 80 
8 68 
0 81 
7 1 1  
0 00 
0 10 

97.43 

71 59 
97 43 

1 2 2  
326 16 
14803 

5407 2 

2 74 
0 13 

15 66 
3 09 
0 03 
8 89 
1 2 9  
1 2 0  
3 34 

36 38 
23 85 
0 00 
1 5 5  
0 67 

26 07 
0 48 

18 01 
0 26 

-0 02 
18 73 
9 28 
0 96 
7 61 
0 00 
0 09 

99.32 

72 43 
99 32 

1 35 
342 01 
16740 

5434 4 

2 86 
0 30 

15 25 
3 19 
0 03 
9 07 
1 3 1  
1 2 9  
3 27 

36 58 
23 89 

0 00 
1 57 
0 67 

26 14 
0 49 

19 20 
0 36 

-0 03 
20 02 

9 60 
1 2 7  
8 11 
0 00 
0 08 

101.99 

73 92 
101 99 

1 5 5  
358 06 
19185 

5552 5 

2 88 
0 72 

15 04 
3 27 
0 03 
9 17 
1 3 2  
1 3 1  
3 26 

36 99 
24 45 

0 00 
1 5 9  
0 68 

26 72 
0 46 

19 69 
0 48 

-0 04 
20 59 

9 56 
1 9 2  
8 29 
0 00 

104.32 
a 05 

75 64 
104 32 

1 8 2  
374 09 
21725 

5647 3 

2 86 
1 22 

14 88 
3 33 
0 03 
9 38 
1 34 
1 3 0  
3 36 

37 70 
24 94 

0 00 
1 6 3  
0 69 

27 26 
0 43 

20 18 
0 60 

-0 06 
21 15 

9 28 
2 57 
8 71 
0 00 
0 04 

106.93 

77 75 
106 93 

2 15 
390 09 
24539 
5757 9 

0 2% 
27 0% 
-0 6% 
0 3% 

-1 2% 
0 6% 

-0 2% 
1 3 %  

-0 4% 
0 0% 
0 4% 

0 7% 
0 2% 
0 4% 

-1 0% 
-0 0% 

9 3% 
0 1% 
0 4% 
4 6% 
1 6 %  

-2 9% 
0.3% 

- -  

- _  

- -  

0 3% 
0 3% 
2 7% 
0 9% 
2 5% 
0 1% 
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Exhibit-RW-6 

Sector and source 
2009 2010 2015 2020 2025 2030 2035 

____ 

Table A3. Energy prices by sector and source 
(201 0 dollars per rnilliori Btu, unless otherwise noted) 

growth 

(percent) 
2010-2035 

I Reference case I Annual 

Residential 
Liquefied petroleum gases 
Distillate fuel oil 
Natural gas 
Electricity 

Commercial 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Electricity 

Industrial' 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas' 
Metallurgical coal 
Other industrial coal 
Coal to liquids 
Electricity 

Transportation 
Liquefied petroleum gases3 
Ea54 
Motor gasoline5 
Jet fuelG 
Diesel fuel (distillate fuel oil)' 
Residual fuel oil 
Natural gas' 
Electricity 

Electric powerg 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Steam coal 

Average price to all users" 
Liquefied petroleum gases 
E85i4 
Motor gasoline5 
Jet fuel 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Metallurgical coal 
Other coal 
Coal to liquids 
Electricity 

Non-renewable energy expenditures by 
sector (billion 2010 dollars) 

Residential 
Commercial 
Industrial 
Transportation 

Total nan-renewable expenditures 
Transportation renewable expenditures 
Total expenditures . . . . . . . . . I I . . . . . . . 

24 a4 
18 35 
1 1  95 
34 01 

21 76 
16 16 
13 66 

30 06 
9 a2 

20 05 
16 74 
12 16 
5 33 
5 49 
2 99 

20 05 
_ _  

25 a4 
20 76 
19 52 
12 75 

10 61 
14 17 
35 71 

1a 02 

14 54 
a 98 
4 a5 
2 22 

16 13 
20 76 
19 47 
12 75 
17 73 
10 51 
7 37 
5 49 
2 26 

29 02 
_ _  

240 aa 

184 40 

1082 oa 

177 13 

479 66 

0 07 

27 02 
21 21 

33 69 
1 1  oa 

23 52 
20 77 
11  07 
9 10 

29 73 

21 ao 
21 32 
10 92 
5 51 

2 71 

19 63 

5 a4 

- _  

26 aa 
25 21 
22 70 
16 22 

10 42 
13 20 
32 99 

21 a7 

18 73 
1 1  a9 
5 14 
2 26 

17 28 
25 21 
22 59 
16 22 
21 65 

7 16 

2 29 

10 a2 

5 a4 

28 68 
_ _  

251 69 
179 oa 
198 98 
573 78 

o oa 
1203 54 

30 70 
27 26 
10 31 
34 59 

27 42 
23 98 
16 i a  
a 60 

29 03 

27 43 
24 20 
19 21 

7 22 
3 27 
126 

4 aa 

ia  91 

31 93 
29 03 
29 26 
23 74 
27 56 

12 40 
30 50 

l a  32 

22 77 
23 00 
4 55 
2 35 

22 99 
29 03 
29 26 
23 74 

19 01 
6 45 
7 22 
2 41 
126 

26 a7 

28 38 

246 72 
177 92 
223 aa 
746 a4 

1395 36 
0 25 

31 07 
2a a i  
I O  a4 
33 a7 

27 78 

a 9a 
2a 69 

25 49 
17 60 

27 76 
25 73 
20 53 
5 12 

3 30 
2 05 

7 58 

l a  95 

32 21 
29 91 
30 77 
25 26 
28 98 
19 58 
12 50 
29 74 

24 i a  
24 38 
4 72 
2 41 

23 06 
29 91 
30 77 
25 26 

20 31 
6 77 

2 47 
2 05 

2a 36 

7 58 

28 09 

251 77 

239 75 
770 94 

1450 04 
3 77 

187 57 

32 27 
30 15 
12 03 
34 oa 

28 97 

i a  24 
26 86 

10 02 
29 00 

29 24 
27 22 
21 23 

6 04 
a i t  
3 3a 
2 oa 

19 60 

33 3a 
28 a i  
32 10 
26 45 
30 42 
20 62 
13 29 
31 53 

25 35 
25 40 

5.60 
2 54 

24 19 

32 10 
26 45 

21 31 
7 74 

2 59 

28 a i  

29 a i  

a 11  

2 oa 
28 54 

266 75 

261 92 
201 a9 

a03 52 
I 534 oa 

a 74 

33 29 
31 42 
12 76 
34 06 

29 96 

19 04 
10 60 

27 98 

2a 68 

30 48 
2a 39 

a 61 

19 a i  

21 71 
6 57 

3 50 
2 22 

34 37 
30 75 
33 03 
27 58 
31 38 

13 68 
20 76 

32 54 

26 43 
25 55 

6 21 
2 66 

25 23 
30 75 
33 03 
27 58 
30 a7 

a 30 
a 61 

2a 65 

21 53 

2 71 
2 22 

280 17 
212 aa 
268 58 
a29 aa 

1591 52 
22 00 

34 64 
32 73 
13 98 
34 58 

31 30 
29 ia  
l a  go 

29 48 

32 i a  

11 64 

29 53 
21 65 

7 54 
9 11  
3 64 
2 38 

20 78 

35 74 
31 96 
33 61 
29 13 
32 40 
20 95 
14 51 
33 a2 

27 ao 

2 ao 

25 72 
7 21 

26 63 
31 96 
33 61 
29 13 
31 91 
21 68 

9 30 
9 11 
2 a5 
2 38 

29 56 

298 72 
231 98 
282 31 
a56 65 

38 a6 
1669 66 

1082.15 1203.62 1395.61 1453.81 1542.81 1613.52 1708.52 

1 .O% 

0.9% 
0.1% 

I "8% 

11% 
14% 
2 2% 
l"O% 

-0.0% 

1.6% 
1.3% 

13% 

12% 

0 2% 

2.8% 

I 8% 

- -  

1 1 %  
1.0% 
1.6% 
2.4% 
1.6% 
2.8% 
0 4% 
0 1% 

16% 
3 1% 
1.4% 
0 9% 

17% 
1 .O% 
1.6% 
2.4% 
1.6% 

1.1% 

0.9% 

0 I %  

2.8% 

1.8% 

- -  

0.7% 
1"0% 
1.4% 
16% 
13% 

1.4% 
28.2% 
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Reference case 

Sector and source 

2009 2010 2015 2020 2025 2030 2035 

Table A3. Energy prices by sector and source (continued) 
(iiominal dollars per million Btu, unless otheiwise noted) 

Annual 
growth 

2010-2035 
(percent) - 

Residential 
Liquefied petroleum gases 
Distillate fuel oil 
Natural gas 
Electricity 

Commercial 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Electricity 

Industrial' 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas' 
Metallurgical coal 
Other industrial coal 
Coal to liquids 
Electricity 

Transportation 
Liquefied petroleum gases3 
E85" 
Motor gasoline5 
Jet fuel6 
Diesel fuel (distillate fuel oil)' 
Residual fuel oil 
Natural gas' 
Electricity 

Electric powerg 
Distillate fuel oil 
Residual fuel oil 
Natural gas 

2455 2702 3308 3651 41 41 4738 5486 
18 14 21 21 2938 3386 3868 4472 51 82 
1182 1108 1111 1274 1543 1816 2214 
3362 3369 3727 3980 4372 4847 5476 

21 51 2352 2954 3265 37 17 4265 4956 
1597 2077 2583 29 95 3447 3982 4620 
1351 1107 1743 2068 2341 2710 2993 
970  9 10 9 2 7  1056 1286 1508 1843 

2971 2973 31 28 3371 3721 4082 4667 

1982 21 80 
1655 21 32 
1202 1092 
5 2 7  551  
5 4 3  5 8 4  
2 9 6  271  

1983 1963 
_ _  _ _  

25 55 
20 52 
19 29 
12 61 
17 82 
I0 49 
14 01 
35 31 

26.88 
25.21 
22.70 
16.22 
21.87 
10.42 
13.20 
32.99 

29 56 
26 08 
20 70 

5 26 
7 78 
3 52 
1 36 

20 38 

34 41 
31 28 
31 53 
25 58 
29 69 
19 74 
13 36 
32 86 

3263  3751 
30 24 34 93 
24 13 27 24 

6 0 2  7 7 5  
8 9 1  1040 
3 87 4 34 
241  2 6 7  

2227 25 15 

4338 5095 
4040 4676 
3089 3428 

9 3 5  1 1  93 
1226 1442 
4 9 8  5 7 7  
3 16 3 7 8  

2820 3290 

37.85 
35.15 
36.17 
29.68 
34.06 
23.01 
14.69 
34 95 

4283  4891 
3697 4377 
41 19 4701 
3394 3925  
3903 4466 
2645 2955 
1705 1947 
4046 4631 

56.59 
50.61 
53.22 
46 12 
51 29 
33 18 
22 97 
53 55 

1437 1873 2453 2842 3252 3761 4402 
8 8 8  1 1  89 2478 2866 3259 3637 4073  
4 8 0  5 1 4  490  5 5 5  719  8 8 4  1142 

2 9% 
3 6% 
2 8% 
2 0% 

3 0% 
3 2% 
4 1% 
2 9% 
18% 

3 5% 
3 2% 
4 7% 
3 1% 
3 7% 
3 1% 

2 1% 
_ _  

3 0% 
2 8% 
3 5% 
4 3% 
3 5% 
4 7% 
2 2% 
2 0% 

3 5% 
5 0% 
3 2% 

Steam coal 2 19 2 2 6  2 5 3  2 8 3  3 2 5  3 7 8  4 4 3  2 7 %  
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Reference case 
I_ Sector and source 

2009 2010 2015 2020 2025 2030 2035 

Table A3. Energy prices by sector and source (continued) 
(nominal dollars per iriillioii Btu, unless otheiwise noted) 

Annual 
growth 

2010-2035 
(percent) 

Average price to  al l  users" 
Liquefied petroleum gases 

Motor gasoline5 
Jet fuel 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Metallurgical coal 
Other coal 
Coal to liquids 
Electricity 

Non-renewable energy expenditures by 
sector (bil l ion nominal dollars) 

Residential 
Commercial 
Industrial 
Transportation 

Total non-renewable expenditures 
Transportation renewable expenditures 
Total expenditures I . . . . . . I . . . . I I I 

15 94 
20 52 
19 25 
12 61 
17 53 
10 39 
7 28 
5 43 
2 23 

28 68 
- -  

238 13 
175 11 
182 29 
474 19 

1069 72 
0 07 

1069.78 

17 28 
25 21 
22 59 
16 22 
21 65 
10 82 
7 16 
5 84 
2 29 

28 68 
- -  

251 69 
179 08 
198 98 
573 78 

1203 54 
0 08 

1203.62 

24 78 
31 28 
31 53 
25 58 
28 96 
20 48 

6 95 
7 78 
2 60 
1 36 

30 58 

265 85 
191 71 
241 24 
804 75 

1503 55 
0 27 

1503.82 

27 10 
35 15 
36 16 
29 68 
33 33 
23 87 

7 96 
8 91 
2 90 
2 41 

33 01 

295 89 
220 43 
281 75 
906 02 

1704 09 
4 43 

1708.52 

31 04 
36 97 
41 19 
33 94 
38 24 
27 34 

9 93 
10 40 
3 32 
2 67 

36 62 

342 26 
259 04 
336 06 

1030 98 
1968 35 

11 21 
1979.56 

35 90 
43 77 
47 01 
39 25 
43 94 
30 64 
11 81 
12 26 
3 86 
3 16 

40 77 

398 75 
302 97 
382 26 

1181 1 1  
2265 08 

31 31 
2296.40 

42 17 3 6 %  
5061  2 8 %  
5322  3 5 %  
46 12 4 3 %  
5052  3 4 %  
34 33 4 7 %  
1473  2 9 %  
1442  3 7 %  
4 5 1  2 8 %  
3 78 _ _  

4680  2 0 %  

47299  2 6 %  
367.31 2 9% 
44701  3 3 %  

135641 3 5 %  
264372 3 2 %  

61 53 3 0 6 %  
2705.26 3.3% 

'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public 
'Excludes use for lease and plant fuel 
'Includes Federal and State taxes while excluding county and local taxes 
"E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable). To address cold starting issues, the percentage of ethanol 

'Sales weighted-average price for all grades. Includes Federal, State and local taxes 
'Kerosene-type jet fuel Includes Federal and State taxes while excluding county and local taxes 
'Diesel fuel for on-road use Includes Federal and State taxes while excluding county and local taxes 
'Natural gas used as a vehicle fuel Includes estimated motor vehicle fuel taxes and estimated dispensing costs or charges 
'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
"Weighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption 
Btu = British thermal unit 
- - = Not applicable 
Note: Data for 2009 and 2010 are model results and may differ slightly from official EIA data reports 
Sources: 2009 and 201 0 prices for motor gasoline, distillate fuel oil, and jet fuel are based on prices in the U S Energy Information Administration (EIA), Petroleum 

Markeling Annual 2009, DOE/EIA-0487(2009) (Washington, DC, August 2010) 2009 residential and commercial natural gas delivered prices: EIA,Nafural Gas Annual 
2009, DOE/EIA-0131(2009) (Washington, DC, December 2010). 2010 residential and commercial natural gas delivered prices: EIA, Natural Gas Monlhly, DOEIEIA- 
0130(2011/07) (Washington, DC, July 201 1) 2009 and 20 10 industrial natural gas delivered prices are estimated based on: EIA, Manulacluring €nergy Consumplion 
Survey and industrial and wellhead prices from the Natural Gas Annual 2009, DOEIEIA-0131(2009) (Washington, DC, December 2010) and the Natural Gas Monthly, 
DOE/EIA-O130(2011/07) (Washington, DC, July 20 11) 2009 transportation sector natural gas delivered prices are based on: EIA, Natural Gas Annual 2009, DOEIEIA- 
0131(2009) (Washington, DC, December 2010) and estimated State taxes, Federal taxes, and dispensing costs or charges. 2010 transportation sector natural gas 
delivered prices are model results 2009 and 2010 electric power sector distillate and residual fuel oil prices: EIA, Monthly Energy Review, DOE/EIA-0035(2010/09) 
(Washington, DC, September 2010) 2009 and 2010 electric power sector natural gas prices: EIA, Eleclric Power Monlhly, DOEIEIA-0226, April 2010 and April 201 1, 
Table 4.2, and EIA, Slale €nergy Dala Reporl2009, DOE/EIA-0214(2009) (Washington, DC, June 201 1). 2009 and 2010 coal prices based on: EIA, Ouarterly Coal 
Report, Oclober-December2010, DOE/EIA-O121(2010/4Q) (Washington, DC, May201 1)and EIA,AE02012 National Energy Modeling System run REF2012.DO20112C. 
2009 and 2010 electricity prices: EIA, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 201 1) 2009 and 2010 E85 prices derived from 
monthly prices in the Clean Cities Alternative Fuel Price Report Projections: EIA, AE02012 National Energy Modeling System run REF2012 DO201 12C. 

varies seasonally The annual average ethanol content of 74 percent is used for this forecast. 
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Reference case 
Key indicators and consumption 

2009 2010 2015 2020 2025 2030 2035 

Table A4. Residential sector key indicators and consumption 
(quadi-illion Btu per year, unless otherwise noted) 

Annual 
growth 

201 0-2035 
(percent) 

I -.-.- 
I 

Key indicators 

Single-family 
Multifamily 
Mobile homes 
Total . . . 

Households (millions) 

. . . . . . . . . . . . . . I . . I I . . . 
Average house square footage . 

Energy intensity 
(million Btu per household) 

Delivered energy consumption 
Total energy consumption 

(thousand Btu per square foot) 
Delivered energy Consumption 
Total energy consumption 

Delivered energy consumption by fuel 
Electricity 
Space heating 
Space cooling 
Water heating 
Refrigeration 
Cooking 
Clothes dryers 
Freezers 
Lighting 
Clothes washers' 
Dishwashers' 
Color televisions and set-top boxes 
Personal computers and related equipment 
Furnace fans and boiler circulation pumps 
Other uses' 

Delivered energy . I . . . . . . . . . . . 
Natural gas 

Space heating 
Space cooling 
Water heating 
Cooking 
Clothes dryers 

Delivered energy . . . . . . . " .  . . . I " .  . I 
Distillate fuel oil 

Space heating 
Water heating 

Delivered energy 

Liquefied petroleum gases 
Space heating 
Water heating 
Cooking 
Other uses3 

Delivered energy . . I I , . . . . . . . . . . . I 

Marketed renewable5 ( ~ o o d ) ~  
Other fuels5 

81 73 
25 41 

6 65 
113 78 

1646 

97 8 
184 0 

59 4 
111 8 

0 28 
0 81 
0 44 
0 38 
0 11 
0 19 
0 08 
0 70 
0 03 
0 10 
0 32 
0 17 
0 14 
0 90 
4.66 

3 31 
0 00 
1 32 
0 22 
0 05 
4.90 

0 50 
0 10 
0.60 

0 26 
0 08 
0 03 
0 34 
0.51 

0 43 
0 04 

82 11 
25 52 

6 56 
114.19 

1653 

102 1 
193 1 

61 8 
1168  

0 30 
1 0 8  
0 45 
0 37 
0 11 
0 19 
0 08 
0 69 
0 03 
0 I O  
0 33 
0 17 
0 13 
0 92 
4.95 

3 50 
0 00 
1 2 9  
0 22 
0 06 
5.06 

0 53 
0 10 
0.63 

0 30 
0 07 
0 03 
0 16 
0.56 

0 42 
0 04 

85 49 
26 98 

6 25 
118.73 

1684 

94 6 
175 3 

56 2 
104 1 

0 28 
1 0 1  
0 47 
0 37 
0 11 
0 19 
0 08 
0 52 
0 03 
0 10 
0 32 
0 19 
0 14 
0 92 
4.75 

3 39 
0 00 
1 3 1  
0 22 
0 06 
4.97 

0 48 
0 07 
0.55 

0 26 
0 05 
0 03 
0 17 
0.51 

0 43 
0 03 

89 94 
29 31 

6 56 
125.82 

1705 

90 3 
169 8 

52 9 
99 6 

0 30 
1 0 6  
0 50 
0 38 
0 12 
0 18 
0 08 
0 48 
0 03 
0 10 
0 34 
0 22 
0 14 
1 0 3  
4.96 

3 34 
0 00 
1 33 
0 22 
0 06 
4.95 

0 42 
0 06 
0.48 

0 25 
0 04 
0 03 
0 18 
0.50 

0 43 
0 03 

94 26 
31 47 

6 86 
132.60 

1725 

86 8 
166 1 

50 3 
96 3 

0 31 
1 1 2  
0 52 
0 39 
0 13 
0 18 
0 09 
0 46 
0 02 
0 10 
0 37 
0 24 
0 14 
1 1 6  
5.23 

3 27 
0 00 
1 3 3  
0 22 
0 06 
4 88 

0 38 
0 05 
0.43 

0 24 
0 04 
0 03 
0 20 
0.50 

0 43 
0 03 

98 56 
33 70 

7 04 
139 30 

1743 

84 2 
162 8 

48 3 
93 4 

0 33 
1 1 8  
0 53 
0 41 
0 14 
0 17 
0 09 
0 46 
0 02 
0 10 
0 40 
0 26 
0 15 
1 3 1  
5.55 

3 24 
0 00 
1 3 1  
0 23 
0 06 
4.84 

0 34 
0 04 
0.38 

0 23 
0 04 
0 03 
0 21 
0.51 

0 43 
0 03 
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102 54 
35 96 

7 14 
145.64 

1759 

81 9 
159 9 

46 6 
90 9 

0 34 
1 24 
0 53 
0 43 
0 15 
0 18 
0 09 
0 47 
0 02 
0 11 
0 43 
0 27 
0 15 
1 4 4  
5.86 

3 19 
0 00 
1 27 
0 23 
0 07 
4.76 

0 31 
0 04 
0.35 

0 22 
0 03 
0 02 
0 22 
0.51 

0 43 
0 03 

0.9% 
1.4% 
0.3% 
1 .O% 

0.2% 

-0 9% 
-0.8% 

-1.1% 
-1 .O% 

0.5% 
0.6% 
0.7% 
0.6% 
1.4% 

-0.3% 
0.3% 

-1.5% 
-1.2% 
0.4% 
1.1% 
1 8 %  

1 8% 
0.7% 

0 4% 

-0.4% 
-0 3% 
-0 1% 
0 3% 
0 7% 

-0.2% 

-2 1% 
-3.9% 
-2.3% 

-1 1% 
-3 0% 
-0 9% 
1.3% 

-0.4% 

0.1% 
-1 6% 
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Reference case 

' q l i I T - F ]  2020 I 2025 I 2030 J 2035 
_1 

Key indicators and consumption 

Table A4. Residential sector key indicators and consumption (continued) 
(quadi-illion Btu per year, unless otherwise noted) 

Annual 
growth 
01 0-2035 

;percent) 

Delivered energy consumption by end use 
Space heating 
Space cooling 
Water heating 
Refrigeration 
Cooking 
Clothes dryers 
Freezers 
Lighting 
Clothes washers' 
Dishwashers' 
Color televisions and set-top boxes 
Personal computers and related equipment 
Furnace fans and boiler circulation pumps 
Other uses6 

Delivered energy . . . . . . . . . . . . . . . . . .  

Electricity related losses . . . . . . . . . . . . . . . . .  

Total energy consumption by end use 
Space heating 
Space cooling 
Water heating 
Refrigeration 
Cooking 
Clothes dryers 
Freezers 
Lighting 
Clothes washers' 
Dishwashers' 
Color televisions and set-top boxes 
Personal computers and related equipment 
Furnace fans and boiler circulation pumps 
Other uses' 

Total .............................. 

Nonmarketed renewables' 
Geothermal heat pumps . . 1 1 1 1 1 " " 

Solar hot water heating , . 1 . 1 1 1 1 " . 
Solar photovoltaic . . . . . . . . . . . . . . . . . . . .  
Wind . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total .............................. 

Heating degree days' .................... 
Cooling degree days' .................... 

4 81 
0 81 
1 94 
0 38 
0 35 
0 25 
0 08 
0 70 
0 03 
0 10 
0 32 
0 17 
0 14 
1 04 

11.13 

9.80 

5 41 
2 52 
2 87 
1 1 7  
0 58 
0 65 
0 26 
2 18 
0 10 
0 31 
1 0 0  
0 53 
0 42 
2 94 

20.93 

0 00 
0 01 
0 00 
0 00 
0.02 

4408 
1279 

5 08 
1 0 8  
1 9 1  
0 37 
0 35 
0 25 
0 08 
0 69 
0 03 
0 10 
0 33 
0 17 
0 13 
1 0 8  

11.66 

10.39 

5 70 
3 34 
2 85 
1 15 
0 58 
0 65 
0 26 
2 13 
0 10 
0 31 
1 0 2  
0 53 
0 42 
3 01 

22.05 

0 01 
0 01 
0 00 
0 00 
0.02 

4382 
1498 

4 86 
1 0 1  
190  
0 37 
0 36 
0 25 
0 08 
0 52 
0 03 
0 10 
0 32 
0 19 
0 14 
1 0 9  

11 "24 

9.58 

5 42 
3 06 
2 85 
1 1 1  
0 59 
0 64 
0 25 
1 58 
0 10 
0 30 
0 98 
0 57 
0 42 
2 96 

20.81 

0 01 
0 02 
0 04 
0 01 
0.08 

4208 
1392 

4 78 
1 0 6  
1 92 
0 38 
0 37 
0 25 
0 08 
0 48 
0 03 
0 10 
0 34 
0 22 
0 14 
1 2 1  

I 1  "36 

10.01 

5 37 
3 19 
2 93 
1 14 
0 61 
0 62 
0 26 
1 4 5  
0 08 
0 30 
1 0 3  
0 65 
0 43 
3 29 

21.36 

0 02 
0 02 
0 05 
0 01 
0.1 0 

4172 
1409 

4 67 
1 1 2  
1 9 4  
0 39 
0 38 
0 24 
0 09 
0 46 
0 02 
0 10 
0 37 
0 24 
0 14 
1 3 6  

11.51 

10.52 

5 29 
3 36 
2 98 
1 1 8  
0 64 
0 59 
0 26 
1 3 9  
0 07 
0 30 
1 1 0  
0 72 
0 44 
3 70 

22.02 

0 02 
0 02 
0 05 
0 01 
0.10 

41 36 
1426 

4 60 
1 18 
1 9 1  
0 41 
0 39 
0 24 
0 09 
0 46 
0 02 
0 10 
0 40 
0 26 
0 15 
1 52 

11.73 

10.95 

5 24 
3 51 
2 96 
1 2 3  
0 67 
0 58 
0 26 
1 3 7  
0 07 
0 31 
1 1 8  
0 76 
0 44 
4 10 

22.68 

0 02 
0 02 
0 06 
0 01 
0.11 

4101 
1443 

4 52 
1 24 
1 8 8  
0 43 
0 40 
0 25 
0 09 
0 47 
0 02 
0 11 
0 43 
0 27 
0 15 
1 67 

11.93 

11.35 

5 17 
3 65 
2 90 
1 2 8  
0 69 
0 60 
0 26 
1 37 
0 07 
0 33 
1 26 
0 79 
0 44 
4 47 

23.28 

0 03 
0 02 
0 06 
0 01 
0.1 1 

4067 
1459 

-0.5% 
0 6% 

-0 1% 
0.6% 
0.5% 

-0.0% 
0.3% 

-1 5% 
-1 2% 
0 4% 
1 1 %  
1 8 %  
0 4% 
1 8 %  
0.1 % 

0.4% 

-0.4% 
0.4% 
0 1% 
0 4% 
0.7% 

-0 4% 
0 1% 

-1 7% 
-1 4% 
0 2% 
0.9% 
1.6% 
0.2% 
1.6% 
0.2% 

6.4% 
2.4% 

10.7% 
9.1 % 
6.9% 

-0.3% 
-0.1% 

'Does not include water heating portion of load 
'Includes small electric devices, heating elements, and motors no1 listed above Electric vehicles are included in the transportation sector. 
'Includes such appliances as outdoor grills and mosquito traps. 
"Includes wood used for primary and secondary heating in wood stoves or fireplaces as reported in the Residenfial Energy Consumplion Survey 2005 
'Includes kerosene and coal 
'Includes all other uses listed above 
'Represents delivered energy displaced 
'See Table A5 for regional detail 
Btu = British thermal unit 
- - = Not applicable. 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 and 2010 consumption based on: U S. Energy Information Administration (EIA), AnnualEnergy Review 2010, DOE/EIA-0384(2010) (Washington, 

DC, October 201 1) 2009 and 2010 degree days based on state-level data from the National Oceanic and Atmospheric Administration's Climatic Data Center and 
Climate Prediction Center Projections: EIA. AE02012 National Energy Modeling System run REF2012 DO201 12C 
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Table A5. Commercial sector key indicators and consumption 
(quadrillion Btu per year, unless otherwise noted) 

Reference case 
Key indicators and consumption 

-- 
Key indicators 

Total floorspace (billion square feet) 
Surviving 
New additions 

Total . I ~. " .  . . . . . . . " . .  . . . . . 
Energy consumption intensity 
(thousand Btu per square foot) 
Delivered energy consumption 
Electricity related losses 
Total energy consumption 

Delivered energy consumption by fuel 

Purchased electricity 
Space heating' 
Space cooling' 
Water heating' 
Ventilation 
Cooking 
Lighting 
Refrigeration 
Office equipment (PC) 
Office equipment (non-PC) 
Other uses' 

Delivered energy . . . . 
Natural gas 

Space heating' 
Space cooling' 
Water heating' 
Cooking 
Other uses3 

Delivered energy . 

Distillate fuel oil 
Space heating' 
Water heating' 
Other uses4 

. . .  

" " "  

^ . "  

" ^  

" "  

" "  " 

Delivered energy . " . .  . I . . . . " .  
Marketed renewables (biomass) 
Other fuels' 

" " . "  

I . . .  

I . . .  

. " " "  

Delivered energy consumption by end use 
Space heating' . I I I . . I I , . . I I I . . . . . . . . . 
Space cooling' . . I I I . . . I I . . I I I I . . . . 
Water heating' . . I I I . . I I . . I I I I I . . . . . 
Ventilation , . I . . I I I . . I I , . . I I I I . . I . . . 
Cooking . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lighting . . . .  " . " " " .  . I I . . . ~ I . . I . . I . . I .  
Refrigeration . I . . . I . . . , I . . I . . I I I I . 
Office equipment (PC) . I . . " . . I I . . 1 . . . 
Office equipment (non-PC) " . . . " " , 1 . , 

Other uses6 " .  " .  " " . . . " " "  " " "  " 

Delivered energy ..... 

78 0 
23 

80.3 

IO6 0 
1170 
223 0 

0 18 
0 47 
0 09 
0 50 
0 02 
103 
0 40 
0 22 
0 25 
129 
4.46 

161 
0 03 
0 43 
0 17 
0 95 
3.20 

0 16 
0 03 
0 22 
0.41 

0 11  
0 33 

1 95 
0 50 
0 55 
0 50 
0 20 
103 
0 40 
0 22 
0 25 
2 90 
8.51 

79 3 
18 

81.1 

107 3 
1173 
224 5 

0 18 
a 56 
0 09 
0 51 
0 02 
101 
0 39 
0 21 
0 26 
130 
4.54 

165 
0 04 
0 44 
0 18 
0 98 
3.28 

0 14 
0 03 
0 26 
0.43 

0 11  
0 34 

197 
0 60 
0 56 
0 51 
0 20 
1 0 1  
0 39 
0 21 
0 26 
2 99 
8.70 

82 4 
17 

84.1 

104 6 
1102 
214 8 

0 16 
0 50 
0 09 

0 02 
100 
0 35 
0 19 
0 31 
143 
4.59 

0 53 

169 
0 04 
0 48 
0 19 
101 
3.41 

0 12 
0 03 
0 20 
0.35 

011 
0 33 

1 98 
0 54 
0 60 
0 53 
0 21 
100 
0 35 
0 19 
0 31 
3 09 
8.80 

87 0 
20 

89.1 

103 1 
1106 
213 7 

0 16 
0 50 
0 09 
0 56 
0 02 
103 
0 34 
0 19 
0 37 
1 62 
4.88 

1 73 
0 04 
0 51 
0 20 
1 04 
3.51 

0 11  
0 03 
0 20 
0.34 

011 
0 34 

2 00 
0 54 
0 63 
0 56 
0 23 
103 
0 34 
0 19 
0 37 
3 30 
9.18 

91 9 
20 

93.9 

101 0 
110 6 
211 5 

0 16 
0 51 
0 09 
0 58 
0 02 
106 
0 34 
0 20 
0 40 
1 80 
5.16 

1 70 
0 03 
0 52 
0 21 
107 
3.53 

0 10 
0 03 

0.33 

0 11 
0 34 

0 20 

196 
0 54 
0 64 
0 58 
0 23 
106 
0 34 
0 20 
0 40 
3 53 
9.48 

96 2 
20 

98.2 

100 6 
110 2 
210 7 

0 16 
0 52 
0 09 
0 61 
0 02 
110 
0 34 
0 21 
0 44 
2 00 
5.48 

168 
0 03 
0 53 
0 22 
114 
3.60 

0 10 
0 03 
0 20 
0.33 

011 
0 35 

193 
0 55 
0 65 
0 61 
0 24 
110 
0 34 
0 21 
0 44 
3 80 
9.87 
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100 7 
23 

103.0 

99 8 
109 0 
208 8 

0 16 
0 53 
0 08 
0 63 
0 02 
113 
0 35 
0 21 
0 46 
2 22 
5.80 

1 64 
0 03 
0 54 
0 22 
125 
3.69 

0 09 
0 03 
0 19 
0.32 

0 11  
0 36 

1 89 
0 57 
0 66 
0 63 
0 24 
113 
0 35 
0 21 
0 46 
4 13 

10.28 

1 .O% 
1 .O% 
1 .O% 

-0.3% 
-0.3% 
-0.3% 

-0.6% 
-0.2% 
-0.4% 
0.9% 
-0.3% 
0.4% 
-0.4% 
0.0% 
2.3% 
2.2% 
1 .O% 

-0 0% 
-1 1% 
0 8% 
0.9% 
1 .O% 
0.5% 

-1 7% 
0 9% 

-1  2% 
-1.2% 

0.0% 
0 2% 

-0.2% 
-0.2% 
0.7% 
0.9% 
0.8% 
0.4% 
-0.4% 
0.0% 
2.3% 
1.3% 
0.7% 

141 



Exhibit-RW-6 

2009 2010 

Table A5. Commercial sector key indicators and consumption (continued) 
(quadrillion Btu per year, unless otlieivise noted) 

2015 2020 

Reference case I Annual 

Total energy consumpt ion by end  use  
Space heating' 
Space cooling' 
Water heating' 
Ventilation 
Cooking 
Lighting 
Refrigeration 
Office equipment (PC) 
Office equipment (non-PC) 
Other uses6 

Total  . . . . . . . . I . . .  . .. 

Nonmarketed renewable fuels' 
Solar thermal 
Solar photovoltaic 
Wind 

Total . . . . . . . . . .. ........ 

Heating Degree Days 
New England 
Middle Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Central 
West South Central 
Mountain 
Pacific 

United States . .  
Cool ing Degree Days 

New England 
Middle Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Central 

Pacific 
LJnited States " . .  . . . . . . . . . . . . . . . I . .  . . . 

2 3 4  2 3 5  2 3 1  2 3 3  
1 5 0  1 7 7  1 5 4  1 5 5  
0 7 5  0 7 5  0 7 8  0 8 0  
1 5 6  1 5 7  1 6 0  1 6 9  
0 2 5  0 2 5  0 2 6  0 2 7  
3 2 1  3 1 4  3 0 1  3 1 2  
1 2 4  1 2 1  1 0 6  1 0 2  
0 6 7  0 6 6  0 5 7  0 5 8  
0 7 7  0 8 1  0 9 5  1 1 0  
5 6 2  5 7 1  5 9 8  6 5 6  

17.90 18.22 18 06 19.03 

0 0 3  0 0 3  0 0 3  0 0 3  
0 0 0  0 0 1  0 0 1  0 0 1  
0 0 0  0 0 0  0 0 0  0 0 0  
0.03 0.03 0.04 0.04 

6649 
5798 
6542 
6837 
2839 
3599 
2198 

3188 
4408 

4852 

363 
587 
547 
720 

2047 
1491 
2582 
1551 
967 

1279 

5944 
5453 
6209 
6585 
3183 
4003 
2503 
4808 
3202 
4382 

655 
997 
978 

1123 
2289 
1999 
2755 
1489 

746 
1498 

6349 
5588 
621 5 
6456 
2728 
3474 
2156 
4780 
3130 
4208 

518 
783 
779 
976 

2103 
1668 
2602 
1578 
89 1 

1392 

6351 
5587 
6215 
6461 
2703 
3480 
2149 
4749 
3135 
41 72 

518 
783 
780 
975 

2118 
1665 
2607 
1595 
888 

1409 

growth 
01 0-2035 

10.38 

2 28 
1 5 7  
0 81 
1 75 
0 27 
3 21 
1 0 2  
0 59 
1 2 1  
7 15 

19.86 

0 03 
0 01 
0 00 
0.04 

6355 
5586 
6215 
6463 
2677 
3485 
2143 
471 3 
3138 
41 36 

517 
783 
780 
974 

2134 
1662 
261 1 
1617 
887 

1426 

10.82 

2 24 
. 1 5 8  

0 82 
1 8 1  
0 28 
3 27 
1 0 2  
0 61 
1 3 0  
7 75 

20.69 

0 04 
0 01 
0 00 
0.05 

6358 
5585 
6215 
6466 
2651 
3491 
2137 
4677 
3140 
4101 

517 
784 

973 
2149 
1658 
2615 
1637 
885 

1443 

78 1 

11.23 

2 19 
1 6 0  
0 82 
1 84 
0 29 
3 32 
1 04 
0 63 
1 36 
8 42 

21 "50 

0 04 
0 01 
0 00 
0.05 

6360 
5583 
6215 
6468 
2625 
3496 
2131 
464 1 
3143 
4067 

516 
784 
78 1 
973 

2165 
1655 
2619 
1658 
883 

1459 

0.7% 

-0 3% 
-0 4% 
0 4% 
0 6% 
0 5% 
0 2% 

-0 6% 
-0 2% 
2 1% 
1 6% 
0.7% 

1 4% 
2 8% 
5 3% 
1.7% 

0 3% 
0 1% 
0 0% 

-0 1% 
-0 8% 
-0 5% 
-0 6% 
-0 1% 
-0 1% 
-0.3% 

-0 9% 
-1 0% 
-0 9% 
-0 6% 
-0 2% 
-0 8% 
-0 2% 
0 4% 
0 7% 

-0.1% 

'Includes fuel consumption for district services. 
'Includes miscellaneous uses, such as service station equipment. automated teller machines, telecommunications equipment, and medical equipment 
'Includes miscellaneous uses, such as pumps, emergency generators, combined heat and power in commercial buildings, and manufacturing performed in commercial 

"Includes miscellaneous uses, such as cooking, emergency generators. and combined heat and power in commercial buildings 
'includes residual fuel oil, liquefied petroleum gases, coal, motor gasoline, and kerosene 
%eludes miscellaneous uses, such as service station equipment, automated teller machines, telecommunications equipment, medical equipment, pumps, emergency 

generators, combined heat and power in commercial buildings, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil, liquefied 
petroleum gases, coal, motor gasoline, and kerosene 

buildings 

'Represents delivered energy displaced. 
Btu = British thermal unit 
PC = Personal computer 
Note: Totals may not equal sum of components due to independent rounding. Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 and 2010 consumption based on: US. Energy Information Administration (EIA), AnnualEnergy Review 2070, DOE/EIA-0384(2010) (Washington, 

DC, October 201 1 )  2009 and 2010 degree days based on state-level data from the National Oceanic and Atmospheric Administration's Climatic Data Center and 
Climate Prediction Center Projections: EIA, AE02012 National Energy Modeling System run REF2012.DO20112C 
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Exhibit-RW-G 

Reference case 
--.. Key indicators and consumption 

2009 2010 2015 2020 2025 2030 2035 

Table A6. Industrial sector key indicators and Consumption 

Annual 
growth 

2010-2035 
(percent) 

Key indicators 
Value of shipments (billion 2005 dollars) 

Manufacturing 
Nonmanufacturing 
Total . . .  .. . . . . .  . . . ~  I 

Energy prices 
(2010 dollars per million Btu) 

Liquefied petroleum gases 
Motor gasoline 
Distillate fuel oil 
Residual fuel oil 
Asphalt and road oil 
Natural gas heat and power 
Natural gas feedstocks 
Metallurgical coal 
Other industrial coal 
Coal for liquids 
Electricity 

Liquefied petroleum gases 
Motor gasoline 
Distillate fuel oil 
Residual fuel oil 
Asphalt and road oil 
Natural gas heat and power 
Natural gas feedstocks 
Metallurgical coal 
Other industrial coal 
Coal for liquids 
Electricity 

(nominal dollars per million Btu) 

Energy consumption (quadrillion Btu)‘ 
Industrial consumption excluding refining 

Liquefied petroleum gases heat and power 
Liquefied petroleum gases feedstocks 
Motor gasoline 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Petroleum coke 
Asphalt and road oil 
Miscellaneous petroleumz 

Petroleum subtotal 
Natural gas heat and power 
Natural gas feedstocks 
Lease and plant fuel’ 

Natural gas subtotal 
Metallurgical coal and coke4 
Other industrial coal 

Renewables’ 
Purchased electricity 

Delivered energy . 
Electricity related losses 

Total 

Coal subtotal 

4052 
1615 
5667 

20 05 
16 79 
16 74 
12 16 
6 59 
4 59 
6 16 
5 49 
2 99 

20 05 

19 82 
16 60 
16 55 
12 02 
6 52 
4 54 
6 09 
5 43 
2 96 

19 83 

_ _  

_ _  

0 45 
1 54 
0 24 
111  
0 10 
0 90 
0 28 
0 87 
0 38 
5 87 
4 48 
0 47 
131  
6 25 
0 38 
0 88 
126  
1 37 
2 94 

17.69 
6 19 

23.88 

4260 
1578 
5838 

21 80 
16 77 
21 32 
10 92 
5 59 
4 78 
6 32 
5 84 
2 71 

19 63 

21 80 
16 77 
21 32 
10 92 
5 59 
4 78 
6 32 
5 84 
2 71 

19 63 

_ _  

- -  

0 41 
1 5 8  
0 25 
1 1 5  
0 1 1  
0 94 
0 16 
0 88 
0 52 
6 00 
4 84 
0 48 
1 37 
6 69 
0 55 
0 95 
150  
150  
3 09 

6 47 
25.25 

18.78 

4857 
1873 
6730 

27 43 
29 20 
24 20 
19 21 
9 30 
4 16 
5 68 
7 22 
3 27 
126 

18 91 

29 56 
31 46 
26 08 
20 70 
10 02 
4 49 
6 12 
7 78 
3 52 
136  

20 38 

0 36 
1 4 5  
0 28 
125  
0 09 
101 
0 20 
1 0 0  
0 14 
5.78 
5 23 
0 48 
1 4 3  
7 14 
0.56 
0 97 
1 53 
161 
3 24 

19.30 
6 55 

25.84 

5260 
2103 
7363 

27 76 
30 72 
25 73 
20 53 
9 94 
4 41 
5 93 
7 58 
3 30 
2 05 

18 95 

32 63 
36 10 
30 24 
24 13 
1 1  68 
5 19 
6 96 
8 91 
3 87 
2 41 

22 27 

0 39 
1 65 
0 30 
118 
0 08 
1 20 
0 19 
1 00 
0 12 
6 1 1  
5 22 
0 51 
155 
7 27 
0 46 
0 98 
1 44 
1 67 
3 26 

19.75 
6 58 

26.33 

5745 
2228 
7973 

29 24 
32 06 
27 22 
21 23 
10 37 
5 33 
6 83 
8 11  
3 38 
2 08 

19 60 

37 51 
41 14 
34 93 
27 24 
13 30 
6 84 
8 77 

10 40 
4 34 
2 67 

25 15 

0 41 
1 7 5  
0 30 
119  
0 08 
129  
0 15 
0 98 
0 12 
6 27 
5 27 
0 50 
1 57 
7 34 
0 46 
102 
147 
182 
3 33 

20.23 
6 69 

26.92 

6023 
2305 
8328 

30 48 
33 01 
28 39 
21 71 
10 45 
5 88 
7 36 
8 61 
3 50 
2 22 

19 81 

43 38 
46 98 
40 40 
30 89 
14 87 
8 37 

10 48 
12 26 
4 98 
3 16 

28 20 

0 41 
176  
0 30 
117  
0 08 
131  
0 12 
0 94 
0 1 1  
6 20 
5 23 
0 47 
159  
7 29 
0 42 
102  
144  
187  
3 24 

20.04 
6 39 

26.44 
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6285 
2407 
8692 

32 18 
33 55 
29 53 
21 65 
10 69 
6 89 
8 33 
9 11  
3 64 
2 38 

20 78 

50 95 
53 12 
46 76 
34 28 
16 93 
10 91 
13 18 
14 42 
5 77 
3 78 

32 90 

0 40 
1 74 
0 30 
1 1 8  
0 08 
1 30 
0 13 
0 94 
0 12 
6 19 
5 23 
0 44 
1 6 3  
7 31 
0 38 
1 02 
140  
1 95 
3 12 

19.97 
6 04 

26.01 

16% 
1 7% 
1.6% 

I 6% 
2 8% 
13% 
2 8% 
2 6% 
15% 
1 1 %  
18% 
12% 

0 2% 

3 5% 
4 7% 
3 2% 
4 7% 
4 5% 
3 4% 
3 0% 
3 7% 
3 1% 

2 1% 

_ _  

_ _  

-0 0% 
0 4% 
0 8% 
0 1% 

-1 1% 
13% 

-1 1% 
0 3% 

-5 8% 
0 1% 
0 3% 

-0 3% 
0 7% 
0 4% 

-1 5% 
0 3% 

-0 3% 
11% 
0 0% 
0.2% 

-0 3% 
0.1% 
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Exhibit-RW-6 

Reference case 

Key indicators and consumption 

2009 2010 2015 2020 2025 2030 2035 

Table A6. Industrial sector key indicators and consumption (continued) 

Annual 
growth 

(percent) 
2010-2035 

Refining consumption 
Liquefied petroleum gases heat and power 
Distillate fuel oil 
Residual fuel oil 
Petroleum coke 
Still gas 
Miscellaneous petroleum’ 

Natural gas heat and power 
Natural-gas-to-liquids heat and power 

Other industrial coal 
Coal-to-liquids heat and power 

Biofuels heat and coproducts 
Purchased electricity 

Delivered energy . 
Electricity related losses 

Total 

Petroleum subtotal 

Natural gas subtotal 

Coal subtotal 

Total industr ial sector consumption 
Liquefied petroleum gases heat and power 
Liquefied petroleum gases feedstocks 
Motor gasoline 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Petroleum coke 
Asphalt and road oil 
Still gas 
Miscellaneous petroleum’ 

Natural gas heat and power 
Natural-gas-to-liquids heat and power 
Natural gas feedstocks 
Lease and plant fuel3 

Natural gas subtotal 
Metallurgical coal and coke4 
Other industrial coal 
Coal-to-liquids heat and power 

Biofuels heat and coproducts 
Renewables’ 
Purchased electricity 

Electricity related losses 

Petroleum subtotal 

Coal subtotal 

Delivered energy I I I . . . . . . . . 
Total . . . . . . . . . . . . . . . . . .  . . . . . . . .  

0 01 
0 00 
0 01 
0 52 
1 5 0  
0 02 
2 05 
1 3 8  
0 00 
1 3 8  
0 06 
0 00 
0 06 
0 82 
0 19 
4.51 
0 40 
4.91 

0 46 
1 54 
0 24 
1 1 1  
0 11 
0 90 
0 80 
0 87 
1 50 
0 40 
7 93 
5 86 
0 00 
0 47 
1 3 1  
7 63 
0 38 
0 94 
0 00 
1 3 2  
0 82 
1 3 7  
3 13 

22.20 
6 59 

28.79 

0 01 
0 00 
0 01 
0 52 
1 50 
0 02 
2 05 
1 4 4  
0 00 
1 44 
0 06 
0 00 
0 06 
0 84 
0 20 
4.60 
0 4 1  
5.01 

0 42 
1 5 8  
0 25 
1 1 6  
0 12 
0 94 
0 68 
0 88 
1 50 
0 54 
8 05 
6 28 
0 00 
0 48 
1 37 
8 14 
0 55 
1 0 1  
0 00 
1 5 6  
0 84 
1 5 0  
3 28 

23.37 
6 89 

30.26 

0 01 
0 00 
0 00 
0 53 
1 5 5  
0 02 
2 11 
1 4 8  
0 00 
1 4 8  
0 06 
0 00 
0 06 
0 81 
0 20 
4.66 
0 39 
5 05 

0 38 
1 4 5  
0 28 
1 2 5  
0 09 
1 0 1  
0 73 
1 0 0  
1 5 5  
0 17 
7 89 
6 71 
0 00 
0 48 
1 4 3  
8 62 
0 56 
1 0 3  
0 00 
1 5 9  
0 81 
1 6 1  
3 44 

23.96 
6 94 

30.90 

0 01 
0 00 
0 00 
0 49 
1 3 6  
0 02 
1 8 9  
1 5 3  
0 00 
1 5 3  
0 06 
0 26 
0 32 
0 96 
0 20 
4.89 
0 39 
5.28 

0 41 
1 6 5  
0 30 
1 1 8  
0 08 
1 2 0  
0 68 
100 
1 36 
0 14 
7 99 
6 75 
0 00 
0 51 
1 5 5  
8 80 
0 46 
1 04 
0 26 
1 7 6  
0 96 
1 67 
3 46 

24.64 
6 97 

31.61 

0 01 
0 00 
0 00 
0 49 
1 34 
0 02 
1 8 6  
1 5 5  
0 00 
1 5 5  
0 06 
0 36 
0 42 
1 2 7  
0 19 
5.30 
0 39 
5.69 

0 42 
1 75 
0 30 
1 1 9  
0 08 
1 2 9  
0 64 
0 98 
1 34 
0 14 
8 13 
6 82 
0 00 
0 50 
1 57 
8 89 
0 46 
1 0 8  
0 36 
1 9 0  
1 2 7  
1 8 2  
3 52 

25.53 
7 09 

32.61 

0 01 
0 00 
0 00 
0 51 
1 3 9  
0 02 
1 9 3  
1 5 1  
0 00 
1 5 1  
0 06 
0 48 
0 54 
1 92 
0 20 
6.10 
0 40 
6.50 

0 42 
1 7 6  
0 30 
1 1 7  
0 08 
1 3 1  
0 63 
0 94 
1 3 9  
0 13 
8 13 
6 74 
0 00 
0 47 
1 5 9  
8 80 
0 42 
I 0 8  
0 48 
1 9 8  
1 92 
1 87 
3 44 

26.14 
6 80 

32.93 

0 01 
0 00 
0 00 
0 53 
1 4 5  
0 02 
2 02 
1 5 1  
0 00 
1 5 1  
0 06 
0 60 
0 66 
2 57 
0 21 
6.97 
0 41 
7.39 

0 41 
1 74 
0 30 
1 1 8  
0 08 
1 3 0  
0 66 
0 94 
1 4 5  
0 14 
8 21 
6 74 
0 00 
0 44 
1 6 3  
8 81 
0 38 
1 0 8  
0 60 
2 06 
2 57 
1 95 
3 33 

26.94 
6 46 

33.39 

0.4% 
- -  
- _  

0 1% 
-0 1% 
1”2% 

-0.1% 
0.2% 

0.2% 
0.0% 

10.0% 
4.6% 
0.3% 
I .7% 
0.0% 
I .6% 

- -  

- -  

-0 0% 
0 4% 
0.8% 
0.1 Yo 

-1 “3% 
1.3% 

-0.1 Yo 
0.3% 

-0.1 % 
-5.3% 
0.1% 
0 3% 

-0 3% 
0 7% 
0 3% 

-1 5% 
0 3% 

1 1 %  
4 6% 
1.1% 
0 1% 
0.6% 

-0 3% 
0.4% 

- -  

- -  
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Exhibit-RW-6 

2009 
-_I__- 

Table A6. Industrial sector key indicators and consuniption (continued) 

2010 2015 2020 2025 2030 2035 

Energy consumption per dollar of 
shipments (thousand Btu per 2005 dollar) 

Liquid fuels and other petroleum 
Natural gas 
Coal 
Renewable fuels5 
Purchased electricity 

Delivered energy . . I . . I .  . . . . . . . . . . . . . 
Industrial combined heat and power 

Capacity (gigawatts) 
Generation (billion kilowatthours) 

1 4 0  1 3 8  1 1 7  1 0 9  102 0 9 8  0 9 4  
1 3 5  1 3 9  128 120 1 1 1  1 0 6  1 0 1  
0 2 3  0 2 7  024 0 2 4  024 0 2 4  0 2 4  
0 3 9  0 4 0  0 3 6  0 3 6  0 3 9  0 4 5  0 5 2  
0 5 5  0 5 6  0 5 1  0 4 7  0 4 4  0 4 1  0 3 8  
3.92 4.00 3.56 3.35 3.20 3.14 3.10 

2508 2564 3038 3548 4071 4810 5579 
13057 14107 16800 20140 23562 28762 34140 

Annual 
growth 

(percent) 
!010-2035 

-1 5% 
-1 3% 
-0 5% 
10% 

-1 5% 
-1 .O% 

3 2% 
3 6% 

‘IncllJdes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public 
‘Includes lubricants and miscellaneous petroleum products 
’Represents natural gas used in well, field, and lease operations, and in natural gas processing plant machinery 
“Includes net coal coke imports 
Slncludes consumption of energy produced from hydroelectric, wood and wood waste, municipal waste, and other biomass sources 
Btu = British thermal unit 
- - = Not applicable. 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from otfcial EIA 

data reports 
Sources: 2009 and 2010 prices for motor gasoline and distillate fuel oil are based on: U S Energy Information Administration (EIA), Petroleum Marketing Annual 

2009, DOE/EIA-0487(2009) (Washington, DC. August 20 10) 2009 and 201 0 petrochemical feedstock and asphalt and road oil prices are based on: EIA, State Energy 
Data Reporf2009, DOE/EIA-0214(2009) (Washington, DC, June 201 1). 2009and 2010 coal pricesare basedon: EIA, Quarlerly CoalReporf. October-December2010, 
DOE/EIA-0121(2010/4Q)(Washington, DC, May201 1)and EIA,AE02012NaIional Energy Modeling Systemrun REF2012 DO201 12C 2009and2010electricityprices: 
ElA,AnnualEnergyReview2010, DOE/EIA-0384(201O)(Washington, DC, October201 1). 2009and 2010naturalgaspricesare basedon: EIA. ManufacturingEnergy 
Consumption Survey and industrial and wellhead prices from the Natural Gas Annual 2009, DOE/EIA-0131(2009) (Washington, DC, December 2010) and the Natural 
Gas Monthly, DOE/EIA-0130(2011/07) (Washington, DC. July 201 1) 2009 refining consumption values are based on: Petroleum Supply Annual 2009, DOEIEIA- 
0340(2009)/1 (Washington, DC. July2010). 2010 refining consumption basedon: Petroleum SupptyAnnualZO70. DOE/EIA-O340(2010)/1 (Washington, DC, July201 1) 
Other 2009 and 2010 consumption values are based on: EIA, Annual Energy Review 2010, DOElEIA-0384(2010) (Washington, DC, October 201 1) 2009 and 2010 
shipments: IHS Global Insight, Global Insight Industry model, August 201 1 Projections: EIA, AE02012 National Energy Modeling System run REF2012 DO201 12C. 
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Exhibit-RW-6 

Reference case 

Key indicators and consumption 

2009 2010 2015 2020 2025 2030 2035 

Table A7. Transportation sector key indicators and delivered energy consumption 

Annual 
g rowth  

(percent) 
2010-2035 

Key indicators 
Travel indicators 

(billion vehicle miles traveled) 
Light-duty vehicles less than 8,501 pounds 
Commercial light trucks' 
Freight trucks greater than 10,000 pounds 

(billion seat miles available) 
Air 

(billion ton miles traveled) 
Rail 
Domestic shipping 

Energy efficiency indicators 
(miles per gallon) 

New car2 
New light truck2 

New car' 
New light truck' 

New caf l  
New light truck4 

New car' 
New light truck' 

New light-duty vehicle CAFE standard' 

Compliance new light-duty vehicle3 

Tested new light-duty vehicle4 

On-road new light-duty vehicle' 

Light-duty stock6 
New commercial light truck' 
Stock commercial light truck' 
Freight truck 

Aircraft 

Rail 
Domestic shipping 

(seat miles per gallon) 

(ton miles per thousand Btu) 

Energy use by  mode 
(quadrillion Btu) 

Light-duty vehicles 
Commercial light trucks' 
Bus transportation 
Freight trucks 
Rail, passenger 
Rail, freight 
Shipping, domestic 
Shipping, international 
Recreational boats 
Air 
Military use 
Lubricants 
Pipeline fuel 

Total . . . . . . . .  

2625 
58 

240 

964 

1532 
477 

25 4 
28 2 
23 0 
29 3 
34 0 
25 4 
28 2 
33 2 
24 2 
23 0 
27 4 
19 5 
20 4 
15 6 
14 3 
6 7  

62 0 

3 4  
2 4  

15 89 
0 51 
0 21 
4 95 
0 04 
0 36 
0 17 
0 77 
0 24 
2 44 
0 71 
0 13 
0 61 

27.04 

2662 
64 

234 

999 

1559 
522 

25 7 
28 2 
23 4 
29 2 
33 8 
25 5 
28 3 
33 3 
24 3 
22 9 
27 3 
19 6 
20 4 
15 7 
14 4 
6 7  

62 3 

3 4  
2 4  

16 06 
0 55 
0 25 
4 82 
0 05 
0 45 
0 22 
0 86 
0 25 
2 52 
0 77 
0 14 
0 65 

27.59 

2710 
70 

273 

1028 

1503 
549 

32 4 
37 0 
27 9 
32 5 
37 4 
27 7 
31 5 
36 4 
26 7 
25 6 
29 9 
21 6 
21 5 
16 7 
15 2 
6 8  

62 8 

3 5  
2 4  

15 39 
0 58 
0 26 
5 51 
0 05 
0 43 
0 23 
0 87 
0 26 
2 55 
0 66 
0 13 
0 68 

27.60 

2881 
76 

297 

1075 

1662 
587 

35 0 
39 9 
29 2 
35 9 
40 3 
30 6 
35 9 
40 3 
30 6 
29 2 
33 1 
24 7 
23 6 
18 8 
16 7 
7 3  

63 8 

3 5  
2 5  

14 84 
0 57 
0 27 
5 57 
0 06 
0 48 
0 24 
0 87 
0 26 
2 63 
0 64 
0 14 
0 67 

27.25 

3111 
83 

317 

1120 

1782 
604 

35 2 
39 9 
29 2 
36 8 
41 3 
31 0 
36 8 
41 2 
31 0 
30 0 
33 9 
24 9 
25 6 
18 9 
18 0 
7 7  

65 2 

3 5  
2 5  

14 73 
0 58 
0 29 
5 66 
0 06 
0 51 
0 25 

0 27 
2 71 
0 66 
0 14 
0 67 

27.40 

o 88 

3363 
88 

330 

1164 

1826 
617 

35 3 
39 9 
29 2 
37 4 
42 2 
31 2 
37 4 
42 2 
31 2 
30 5 
34 7 
25 2 
27 1 
19 0 
18 7 
8 0  

67 0 

3 5  
2 5  

15 05 
0 59 
0 30 
5 69 
0 06 
0 52 
0 25 
0 88 
0 28 
2 76 
0 70 
0 14 
0 68 

27.90 

3583 
92 

345 

1208 

1871 
627 

35 3 
39 9 
29 2 
37 9 
42 9 
31 5 
37 9 
42 8 
31 5 
30 9 
35 2 
25 4 

19 1 
19 0 
8 1  

69 3 

3 5  
2 5  

28 2 

15 46 
0 61 
0 31 
5 84 
0 06 
0 53 
0 25 
0 89 
0 29 
2 79 
0 74 
0 14 
0 69 

28.60 

1"2% 
1.5% 
1.6% 

0 8% 

0 7% 
0 7% 

1"3% 
1.4% 
0.9% 
1 .O% 
1 .O% 
0.8% 
1.2% 
1 .O% 
1 .O% 
1.2% 
1 .O% 
10% 
1 3% 
0 8% 
1.1% 
0 8% 

0.4% 

0 1% 
0 2% 

-0.2% 
0.4% 
0.9% 
0.8% 
1"2% 
0.6% 
0.5% 
0.1% 
0.5% 
0.4% 

-0.1 Yo 
0.1% 
0.2% 
0.1% 
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Table A7. Transportation sector key indicators and delivered energy consumption (continued) 

Key indicators a n d  consumption 

Energy use  by m o d e  
(million barrels per day  oil equivalent) 

Light-duty vehicles 8 5 0  8 6 3  8 3 0  8 0 5  8 0 5  8 3 1  864 0 0 %  
Commercial light trucks' 0 2 6  0 2 8  0 3 0  0 2 9  0 3 0  0 3 0  0 3 1  0 4 %  
Bus transportation 0 1 0  0 1 2  0 1 3  0 1 3  014 0 1 4  0 1 5  0 9 %  
Freight trucks 2 3 9  2 3 2  2 6 5  268 2 7 2  274 2 8 1  0 8 %  
Rail, passenger 0 0 2  0 0 2  0 0 2  0 0 3  0 0 3  0 0 3  0 0 3  12% 
Rail, freight 0 1 7  0 2 2  0 2 1  0 2 3  0 2 4  0 2 5  0 2 5  0 6 %  

Shipping, international 0 3 4  0 3 8  0 3 8  0 3 8  0 3 8  0 3 9  0 3 9  0 1% 
Recreational boats 0 1 3  0 1 4  0 1 4  0 1 4  0 1 5  0 1 5  0 1 6  0 5 %  
Air 118 122 1 2 3  1 2 7  131 1 3 3  135 0 4 %  

Lubricants 0 0 6  0 0 7  0 0 6  0 0 6  0 0 7  0 0 7  0 0 7  0 1 %  
Pipeline fuel 0 2 9  0 3 1  0 3 2  0 3 2  0 3 2  0 3 2  0 3 2  0 2 %  

Total . ."  ", .  . . . . . . . . . I . .  . . I " . .  . . . . 13.87 14.17 14.17 14.01 14.14 14.48 14.95 0.2% 

Shipping, domestic 0 0 8  0 1 0  0 1 1  0 1 1  0 1 1  0 1 1  0 1 2  0 5 %  

Military use 0 3 4  0 3 7  0 3 2  0 3 1  0 3 2  0 3 4  0 3 6  -0 1% 

'Commercial trucks 8,501 to 10,000 pounds gross vehicle weight rating 
'CAFE standard based on projected new vehicle sales 
'Includes CAFE credits for alternative fueled vehicle sales and credit banking 
'Environmental Protection Agency rated miles per gallon 
'Tested new vehicle efficiency revised for on-road performance 
6Combined"on-the-road" estimate for all cars and light trucks 
CAFE = Corporate average fuel economy 
Btu = British thermal unit 
Note Totals may not equal sum of components due to independent rounding Data for 2009 and 20 10 are model results and may differ slightly from official EIA data 

reports 
Sources. 2009 and 2010 U S Energy Information Administration (EIA), Nalural Gas Annual 2009, DOE/EIA-0131(2009) (Washington, DC. December 2010), EIA, 

AnnualEnergy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October201 1). Federal Highway Administration, Highway Slafislics 2009 (Washington. DC, April 
201 l),  Oak Ridge National Laboratory. Transportalion Energy Dafa Book Edifion 30 and Annual (Oak Ridge, TN, 201 l), National Highway Traffic and Safety 
Administration, Summa~oofFuelEconomy Pe~ormance (Washington, DC, October 28,20 lo), U S Department of Commerce, Bureau ofthe Census, "Vehicle Inventory 
and Use Survey," EC02TV (Washington, DC, December 2004). EIA, Alternatives to Traditlonal Transportation Fuels 2008 (Part I I  - User and Fuel Data), April 2010, 
EIA. Sale Energy Dafa Report 2009, DOE/EIA-0214(2009) (Washington. DC, June 201 1). U S Department of Transportation, Research and Special Programs 
Administration, Air Carrier Slafislics Monfhly, December 2010/2009 (Washington, DC, December 20 to), EIA, Fuel Oiland Keiosene Sales 2009, DOE/EIA-0535(2009) 
(Washington, DC, February 201 1). and United States Department of Defense, Defense Fuel Supply Center, Fact Book (January, 2010) Projections EIA, AE02012 
National Energy Modeling System run REF2012 D020112C 
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Reference case 

2009 2010 2015 2020 2025 2030 2035 1-1 I I I -___” I I 
Supply, disposition, prices, and emissions 

Table AS. Electricity supply, disposition, prices, and emissions 
(billion kilowattlio-urs, uiiless otherwise noted) 

Annual 
growth 

201 0-2035 
(percent) 

Generation by fuel type 
Electric power sector’ 

Power only? 
Coal 
Petroleum 
Natural gas’ 
Nuclear power 
Pumped storagelothe? 
Renewable sources5 
Distributed generation (natural gas) 

Total ” . . ” ” ” ” . . .  . .  
Combine r6 

Coal 
Petroleum 
Natural gas 
Renewable sources 

Total 
Total electric power sector generation . . . . 
Less direct use 

Net available to the grid . I I “ .  I . I . . .  

End-use sector’ 
Coal 
Petroleum 
Natural gas 
Other gaseous fuels’ 
Renewable sources9 
Other’* 

Less direct use 
Total end-use sector generation 

Total sales to the grid 

Total electricity generation by fuel 
Coal 
Petroleum 
Natural gas 
Nuclear power 

Electricity sales by sector 
Residential I . I 

Commercial I I I I I I I , . . . . . . . . . I 

Industrial . I I I 1 . , . . . . . . . . I . 
Transportation I I I I 1 ” . , . . . . . . . . I I , 

Total , . I . . . _ . . . . . . . . . . . . . . I I . . . . I . . . . .  
Direct use , I I I . . . . . , . . . I I . . . . . I 
Total electricity use . I . . . . . , . . ~ . . . . . I . . 

I . I I . , , . I . . . . . . I 

1712 
32 

723 
799 

2 
384 

0 
3651 

29 
4 

118 
5 

159 
3810 

14 

3796 

15 
3 

80 
10 
31 
4 

143 
107 
36 

1756 
39 

92 1 
799 
420 

19 
3953 
3832 

34 

1364 
1307 
917 

7 
3596 

121 
3717 

1799 
32 

776 
807 

2 
390 

0 
3806 

32 
3 

122 
5 

165 
3971 

16 

3955 

20 
3 

84 
11 
34 
4 

155 
112 
43 

1851 
37 

982 
807 
429 

21 
4126 
3998 

26 

1451 
1329 
962 

7 
3749 

128 
3877 

1531 
25 

903 
830 

2 
504 

0 
3796 

30 
1 

126 
4 

160 
3956 

13 

3942 

20 
2 

101 
16 
55 
3 

197 
149 
48 

1581 
28 

1130 
830 
562 
21 

41 52 
3990 

29 

1392 
1346 
1008 

8 
3753 

162 
391 5 

1604 
26 

874 
887 

2 
544 

1 
3937 

30 
1 

124 
5 

160 
4097 

13 

4084 

38 
2 

113 
16 
65 

3 
237 
180 
57 

1671 
28 

1113 
887 
614 

21 
4334 
4141 

26 

1454 
1431 
1013 

9 
3907 

193 
4100 

1710 
26 

882 
917 

2 
579 

2 
41 18 

31 
I 

124 
5 

161 
4279 

13 

4265 

46 
2 

132 
15 
78 

3 
277 
208 

69 

1786 
29 

1140 
917 
662 

21 
4556 
4335 

22 

1533 
1513 
1032 

12 
4090 

221 
431 1 

1757 
27 

983 
914 

2 
594 

3 
4279 

31 
1 

124 
5 

160 
4439 

13 

4426 

54 
2 

160 
15 

103 
3 

338 
243 
95 

1841 
29 

1270 
914 
702 
21 

4777 
4521 

14 

1626 
1607 
1009 

16 
4258 

256 
451 4 

1803 
27 

1074 
887 

2 
630 

4 
4427 

31 
1 

123 
4 

159 
4586 

13 

4572 

63 
2 

198 
15 

125 
3 

406 
288 
118 

1897 
30 

1398 
887 
760 
21 

4992 
4691 

12 

1718 
1699 
977 
22 

441 5 
302 

471 6 

0.0% 
-0 6% 
13% 
0 4% 

-1 2% 
1 9% 

0.6% 

-0.1 % 
-5.2% 
0.0% 

-0.7% 
-0.1% 
0.6% 

-0 7% 

0.6% 

_ _  

4 7% 
-0.7% 
3.5% 
1.2% 
5.4% 

-0.8% 
3.9% 
3 8% 
4.1 % 

0.1% 
-0.8% 
1.4% 
0.4% 
2.3% 

-0.0% 
0.8% 
0.6% 

-2.9% 

0.7% 
1.0% 
0.1% 
4.8% 
0.7% 
3.5% 
0.8% 
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Reference case 

Supply, disposition, prices, and emissions 

2009 2010 2015 2020 2025 2030 2035 
- 

Table AS. Electricity supply, disposition, prices, and emissions (continued) 
(billion kilowatthours, unless otherwise noted) 

Annual 
growth 

2010-2035 
(percent) 

End-use prices 
(2010 cents per kilowatthour) 

Residential 
Commercial 
Industrial 
Transportation 

Al l  sectors average I .  " .  I I 
(nominal cents per kilowatthour) 

Residential 
Commercial 
Industrial 
Transportation 

All sectors average . . . . . . . 

" _ . . "  " , . ."  . . ,  

. " . . . I " " " " " . . "  

Prices by service category 
(2010 cents per kilowatthour) 

Generation 
Transmission 
Distribution 

Generation 
Transmission 
Distribution 

(nominal cents per kilowatthour) 

Electric power sector emissions' 
Sulfur dioxide (million short tons) 
Nitrogen oxide (million short tons) 
Mercury (short tons) 

1 1  6 
10 3 
6 8  

12 2 
9.9 

11 5 
10 1 
6 8  

12 0 
9.8 

6 1  
1 0  
2 9  

6 0  
1 0  
2 8  

5 72 
1 9 9  

36 25 

11 5 
10 1 
6 7  

1 1  3 
9.8 

11 5 
10 1 
6 7  

11 3 
9.8 

5 9  
1 0  
2 9  

5 9  
1 0  
2 9  

5 11 
2 06 

34 70 

11 8 
9 9  
6 5  

10 4 
9.7 

12 7 
10 7 
7 0  

11 2 
10.4 

5 6  
1 1  
3 0  

6 0  
1 2  
3 3  

1 2 6  
1 79 
6 44 

11 6 
9 8  
6 5  

10 1 
9.6 

13 6 
11 5 
7 6  

11 9 
11.3 

5 7  
1 1  
2 8  

6 7  
1 3  
3 3  

1 3 1  
1 8 7  
6 74 

11 6 
9 9  
6 7  

10 8 
9.7 

14 9 
12 7 
8 6  

13 8 
12.5 

6 0  
1 1  
2 7  

7 7  
1 4  
3 4  

1 5 5  
1 92 
7 24 

1 1  6 
9 8  
6 8  

11 1 
9.8 

16 5 
13 9 
9 6  

15 8 
13.9 

6 1  
1 1  
2 6  

8 7  
1 6  
3 7  

1 6 2  
1 94 
7 51 

11 8 
10 1 
7 1  

11 5 
10.1 

18 7 
15 9 
11 2 
18 3 
16 0 

6 4  
1 1  
2 6  

10 2 
1 8  
4 1  

1 7 1  
1 9 6  
7 86 

0 1% 
-0 0% 
0 2% 
0 1% 
0.1% 

2 0% 
1 8 %  
2 1% 
2 0% 
2.0% 

0 3% 
0 3% 

-0 5% 

2 2% 
2 2% 
1 4 %  

-4 3% 
-0 2% 
-5 8% 

'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes plants that only produce electricity 
'Includes electricity generation from fuel cells. 
'Includes non-biogenic municipal waste The U S Energy Information Administration estimates that in 2010 approximately 6 billion kilowatthours of electricity were 

generated from a municipal waste stream containing petroleum-derived plastics and other non-renewable sources See U S Energy Information Administration, 
Mell~odology for Al/ocaling Municipal Solid Wasle lo Biogenic and Non-Biogenic Energy, (Washington, DC, May 2007) 

51ncludes conventional hydroelectric, geothermal, wood, wood waste, biogenic municipal waste, landfill gas, other biomass, solar, and wind power 
%eludes combined heat and power plants whose primary business is to sell electricity and heat to the public (la, those that report North American Industry 

'Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors: and small on-site generating systems in the residential, 

'Includes refinery gas and still gas 
'Includes conventional hydroelectric, geothermal, wood, wood waste, all municipal waste, landfill gas, other biomass, solar, and wind power 
''Includes batteries, chemicals, hydrogen, pitch, purchased steam, sulfur, and miscellaneous technologies 
"Includes pumped storage, non-biogenic municipal waste, refinery gas, still gas, batteries, chemicals, hydrogen, pitch, purchased steam, sulfur, and miscellaneous 

- - = Not applicable 
Note: Totals may not equal sum of components due to independent rounding. Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 and 2010 electric power sector generation; sales to the grid; net imports; electricity sales; and electricity end-use prices: U S Energy Information 

Administration (EIA), Annual Energy Review 2010, DOE/EIA-0384(20 10) (Washington, DC, October 201 I) ,  and supporting databases 2009 and 2010 emissions: U S 
Environmental Protection Agency, Clean Air Markets Database 2009 and 20 10 electricity prices by service category: EIA, AE020 12 National Energy Modeling System 
run REF2012.DO20112C Projections: EIA, AEO2012 National Energy Modeling System run REF2012.DO20112C. 

Classification System code 22). 

commercial, and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid 

technologies. 
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2009 

Table A9. Electricity generating capacity 
(gigawatts) 

I 

2010 2015 2020 2025 

Electric power sector2 
Power only3 

Coal 
Oil and natural gas steam4 
Combined cycle 
Cornbustion turbineldiesel 
Nuclear powe? 
Pumped storage 
Fuel cells 
Renewable sources' 
Distributed generation' 

. . . . . . . . . . .  . . I .  

Coal 
Oil and natural gas steam4 
Combined cycle 
Combustion iurbine/diesel 
Renewable sources6 

Total ........................ 

Cumulative planned additionsg 
Coal 
Oil and natural gas steam4 
Combined cycle 
Combustion turbine/diesel 
Nuclear power 
Pumped storage 
Fuel cells 
Renewable sources6 
Distributed generation' 

Total .............................. 
Cumulative unplanned additionsg 

Coal 
Oil and natural gas steam4 
Combined cycle 
Combustion turbine/diesel 
Nuclear power 
Pumped storage 
Fuel cells 
Renewable sources' 
Distributed generation' 

Total ......................... 
Cumulative electric power sector additions . 
Cumulative retirements" 

Coal 
Oil and natural gas steam4 
Combined cycle 
Combustion furbine/diesel 
Nuclear power 
Pumped storage 
Fuel cells 
Renewable sources' 

Total . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total electric power sector capacity I I . I . I . . 

305 9 
109 1 
167.7 
133.1 
101.1 
22.2 

0.0 
120.3 

0 0  
959.5 

308 1 
107 4 
171 7 
134 8 
101 2 
22 2 
0 0  

125 2 
0 0  

970.6 

276 7 
90 0 

187 4 
138 7 
103 6 
22 2 

0 0  
144 4 

0 2  
963.2 

269 8 

187 7 
145 6 
111 2 
22 2 

0 0  
145 8 

0 5  
972.1 

89 4 
269 8 

88 9 
197 6 
152 7 
1147 
22 2 

0 0  
151 2 

0 8  
997.8 

5 3  5 2  4 8  4 8  4 8  
0 7  0 7  0 7  0 7  0 7  

2 5 8  2 6 3  2 6 3  2 6 3  2 6 3  
2 8  2 8  2 8  2 8  2 8  
0 8  0 9  0 9  0 9  0 9  

35.4 35.9 35.5 35.5 35 5 

0 0  0 0  9 3  9 3  9 3  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  1 4 3  1 4 3  143  
0 0  0 0  5 0  5 0  5 0  
0 0  0 0  1 1  6 8  6 8  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  1 4 0  140  140  
0 0  0 0  0 0  0 0  0 0  
0.0 0.0 43.7 49.3 49.3 

0 0  0 0  0 0  0 9  0 9  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  1 4  1 9  1 1 8  
0 0  0 0  5 2  1 2 9  2 3 2  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  5 7  7 0  1 2 4  
0 0  0 0  0 2  0 5  0 8  
0.0 0.0 12.4 23.2 49.1 
0.0 0.0 56.1 72.5 98.5 

0 0  0 0  41 0 4 8 9  4 8 9  
0 0  0 0  174  180  1 8 5  
0 0  0 0  0 0  0 2  0 2  
0 0  0 0  6 4  7 2  104 
0 0  0 0  0 0  0 6  0 6  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  0 0  0 0  0 0  
0 0  0 0  0 4  0 4  0 4  
0.0 0.0 65.2 75.2 78.9 

994.9 1006.5 998.7 1007.6 1033.3 

2030 

growth 
010-2035 

2699 2704 
8 8 0  8 7 2  

1586 1690 
1143 1109 
222  222  

0 0  0 0  
156 1 1693 

1 3  2 1  
1028.7 1077.0 

2 1 8 3  2460 

4.8 4.8 
0 7  0.7 

26 3 26.3 
2 8  2 8  
0 9  0 9  

35.5 35.5 

9 3  9 3  
0 0  0 0  

1 4 3  1 4 3  
5 0  5 0  
6 8  6 8  
0 0  0 0  
0 0  0 0  

140  140  
0 0  0 0  

49.3 49.3 

1 0  1 7  
0 0  0 0  

3 2 5  6 0 2  
3 0 2  41 5 

0 1  1 8  
0 0  0 0  
0 0  0 0  

174 3 0 5  
1 3  2 1  

82.5 137.8 
131.8 187.1 

4 8 9  4 9 0  
194 2 0 3  
0 2  0 2  

114 124 
1 1  6 1  
0 0  0 0  
0 0  0 0  
0 4  0 4  

81.4 88.4 

1064.2 1112.5 
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Reference case 

Net summer capacity' 
2009 2010 2015 2020 030 2035 

.- 

Table A9. Electricity generating capacity (continued) 
(gigawatts) 

Annual 
growth 

(percent) 
201 0-2035 

End-use generators" 
Coal 3 6  4 3  4 2  6 6  7 7  8 8  
Petroleum 0 7  0 7  0 7  0 7  0 7  0 7  
Natural gas 1 4 7  1 4 7  1 7 7  1 9 8  2 2 9  2 7 4  
Other gaseous fuels'2 1 8  1 7  2 5  2 5  2 5  2 5  
Renewable sources6 6 7  7 6  1 7 6  21 1 2 3 4  2 7 1  
Other" 0 6  0 6  0 6  0 6  0 6  0 6  

Total I . . . . . . . . . . . . .  28 0 29.6 43 3 51.3 57.8 67.1 

Cumulative capacity additionsg I I . I , . . . . . . 0.0 0.0 13.7 21.7 28.2 37.4 

9 9  3 4 %  
0 7  0 3 %  

3 3 2  3 3 %  
2 5  15% 

3 0 6  5 7 %  
0 6  00% 

77.5 3.9% 

47.9 _ _  
'Net summer capacity is the steady hourly output that generating equipment is expected to supply to system load (exclusive of auxiliary power), as demonstrated 

'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes plants that only produce electricity. Includes capacity increases (uprates) at existing units 
"Includes oil-, gas-, and dual-fired capacity 
'Nuclear capacity includes 7 3 gigawatts of uprates through 2035 
'Includes conventional hydroelectric, geothermal, wood, wood waste, all municipal waste, landfill gas, other biomass, solar, and wind power Facilities co-firing 

'Primarily peak load capacity fueled by natural gas 
'Includes combined heat and power plants whose primary business is to sell electricity and heat to the public (i e , those that report North American Industry 

"Cumulative additions after December 31, 2010 
"Cumulative retirements aHer December 31. 2010 
"Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-site generating systems in the residential, 

"Includes refinery gas and still gas 
'31ncludes batteries, chemicals, hydrogen, pitch, purchased steam, sulfur, and miscellaneous technologies 
- - = Not applicable 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

Sources: 2009 and 2010 capacity and projected planned additions: L J S .  Energy Information Administration (EIA), Form EIA-860, "Annual Electric Generator Report" 

by tests during summer peak demand 

biomass and coal are classified as coal 

Classification System code 22) 

commercial, and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid 

data reports 

(preliminary) Projections: EIA, AE02012 National Energy Modeling System run REF2012 DO201 12C 
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Reference case 
Electricity trade 

2009 2010 2015 2020 2025 2030 2035 

152 

Annual 
growth 

2010-2035 
(percent) 

international electricity trade 

Imports from Canada and Mexico 
Firm power 193 137 2 4 3  1 7 1  5 2  0 4  0 4  -133% 
Economy 33 1 3 1 4  2 4 7  2 7 7  3 4 7  3 1 0  2 8 2  -04% 

Total . . . . . . . I " . .  I " .  . . . I I ~. . 52.4 45.1 49.0 44.8 39.9 31.4 28.6 -1.8% 

Exports to Canada and Mexico 
Firm power 3 3  3 7  3 0  2 1  0 6  0 0  0 0  _ _  
Economy 1 4 7  157  169 1 6 7  1 7 0  170 165 0 2 %  

Total . I  I I .  " . .  " . .  . I I ". .  . . . . . . I . I  I . .  . . . 18.1 19.4 19.9 18.8 17.6 17.0 16.5 -0.7% 

- ~ = Not applicable 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports Firm power sales are capacity sales, meaning the delivery of the power is scheduled as part of the normal operating conditions of the affected electric 
systems Economy sales are subject to curtailment or cessation of delivery by the supplier in accordance with prior agreements or under specified conditions. 

Sources: 2009 and 20 10 interregional firm electricity trade data: North American Electric Reliability Council (NERC), Electricity Sales and Demand Database 2007; 
NERC, 201 1 Summer Reliability Assessment (May 201 1); and NERC, Winter Reliability Assessment 201 1/2012 (November 201 1). 2009 and 2010 Mexican electricity 
trade data: U S  Energy Information Administration (EIA), €lec/ric Power Annual 2010 DOE/EIA-0348(2010) (Washington, DC, November 201 1) 2009 Canadian 
international electricity trade data: National Energy Board, Necfricily Exporis and lmporis Slalisfics, 2009 201 0 Canadian international electricity trade data: National 
Energy Board, Necfricily Exporls and lmporls Slafislics, 2010 Projections: EIA, AE02012 National Energy Modeling System run REF2012.DO20112C 
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.- 
Reference case 

Supply and disposition 

2009 2010 2015 2020 2025 2030 2035 

Annual 
growth 

(percent) 
201 0-2035 

Crude oil 

Alaska 
Lower 48 states 

Net imports 
Gross imports 
Exports 

Total crude supply 

Domestic crude production' 

Other crude supply' 

Other petroleum supply 
Natural gas plant liquids 
Net product imports 

Gross refined product imports3 
Unfinished oil imports 
Blending component imports 
Exports 

Refinery processing gain" 
Product stock withdrawal 

S~pply  from renewable sources 
Other non-petroleum supply . . . " . . . 

Ethanol 
Domestic production 
Net imports 

Domestic production 
Net imports 

Biodiesel 

Other biomass-derived I i q ~ i d S ~  
Liquids from gas 
Liquids from coal 
Other6 

Total primary supply' . . I . . . . . . . . . . . . . . . . 
Liquid fuels consumption 

by fuel 
Liquefied petroleum gases 
E85' 
Motor gasoline9 
.let fuel" 
Distillate fuel 

Diesel 
Residual fuel oil 
Other'' 

by sector 
Residenlial and commercial 
Ind~strial'~ 
Transportation 
Electric poweri4 

5 36 
0 65 
4 72 
8 97 
9 01 
0 04 
0 01 

14.34 

3.59 
1 9 1  
0 75 
1 2 7  
0 68 
0 72 
1 9 2  
0 98 

-0 04 
0.81 
0 75 
0 73 
0 72 
0 01 
0 02 
0 03 

-0 01 
0 00 
0 00 
0 00 
0 05 

18.74 

2 13 
0 00 
9 00 
1 39 
3 63 
3 18 
0 51 
2 15 

1 0 5  
4 24 

13 54 
0 17 

18.81 

-0.07 

5 47 
0 60 
4 87 
9 17 
9 21 
0 04 
0 08 

14.72 

3.50 
2 07 
0 39 
1 2 3  
0 61 
0 74 
2 19 
1 07 

-0 03 
1 .oo 
0 87 
0 85 
0 88 

-0 02 
0 01 
0 02 

-0 01 
0 00 
0 00 
0 00 
0 13 

19.22 

2 27 
0 00 
8 99 
1 4 3  
3 80 
3 32 
0 54 
2 14 

1 1 2  
4 31 

13 82 
0 17 

19.17 

0.05 

6 15 
0 46 
5 69 
8 52 
8 56 
0 03 
0 00 

14.67 

3.25 
2 56 

-0 25 
0 78 
0 64 
0 66 
2 32 
0 95 
0 00 
1.22 
1 0 5  
0 94 
0 94 
0 00 
0 09 
0 09 
0 00 
0 03 
0 00 
0 00 
0 17 

19.1 4 

1 94 
0 01 
8 88 
1 4 6  
4 19 
3 71 
0 56 
2 06 

1 0 0  
4 17 

13 80 
0 13 

19.10 

0.05 

6 70 
0 49 
6 21 
7 15 
7 19 
0 04 
0 00 

13.85 

3.73 
2 91 

-0 12 
0 73 
0 54 
0 64 
2 03 
0 94 
0 00 
1.52 
1 2 2  
1 0 4  
1 0 4  
0 00 
0 12 
0 12 
0 00 
0 06 
0 00 
0 12 
0 19 

19.10 

2 11 
0 09 
8 48 
1 4 9  
4 24 
3 81 
0 56 
2 04 

0 96 
4 31 

13 62 
0 13 

19.02 

0.09 

6 40 
0 40 
6 00 
7 24 
7 27 
0 03 
0 00 

13.64 

3.80 
3 01 

-0 12 
0 79 
0 51 
0 65 
2 07 
0 91 
0 00 
1.86 
1 4 8  
1 1 9  
1 1 7  
0 02 
0 12 
0 12 
0 00 
0 16 
0 00 
0 17 
0 21 

19.29 

2 21 
0 21 
8 29 
1 54 
4 33 
3 92 
0 57 
2 06 

0 94 
4 41 

13 71 
0 14 

19.20 

0.10 

6 37 
0 44 
5 94 
7 14 
7 17 
0 03 
0 00 

13.52 

3.70 
3 05 

-0 25 
0 78 
0 50 
0 65 
2 17 
0 89 
0 00 
2.36 
1 8 9  
1 4 0  
1 3 7  
0 03 
0 13 
0 13 
0 00 
0 36 
0 00 
0 22 
0 25 

19.57 

2 22 
0 49 
8 17 
1 5 8  
4 38 
3 99 
0 57 
2 06 

0 92 
4 41 

14 00 
0 14 

19.47 

0.1 0 
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5 99 
0 27 
5 72 
7 52 
7 55 
0 03 
0 00 

13.51 

3.52 
3 01 

-0 34 
0 82 
0 50 
0 66 
2 31 
0 85 
0 00 
2.96 
2 37 
1 6 5  
1 59 
0 06 
0 13 
0 13 

-0 00 
0 59 
0 00 
0 28 
0 31 

19.99 

2 21 
0 83 
8 09 
1 6 1  
4 48 
4 11 
0 58 
2 10 

0 91 
4 44 

14 41 
0 14 

19.90 

0.09 

0 4% 
-3 2% 
0 6% 

-0 8% 
-0 8% 
-1 1% 

-0.3% 

0.0% 
1 5 %  

-1 6% 
-0 8% 
-0 5% 
0 2% 

-0 9% 

4.4% 
4 1% 
2 7% 
2 4% 

9 2% 
7 9% 

23 2% 

_ _  

_ _  

- -  

_ _  

_ _  
_ _  
_ _  

3 6% 

0.2% 

-0 1% 
27 0% 
-0 4% 
0 5% 
0 7% 
0 9% 
0 3% 

-0 1% 

-0 9% 
0 1% 
0 2% 

-0 7% 
0.1% 

_ _  
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Reference case 

Supply and disposit ion 

2009 2010 2015 2020 2025 2030 2035 

154 

Annual 
growth 

(percent) 
2010-2035 

Domestic refinery distillation capacity" I . I I I , 17.7 17.6 17.5 15.8 15.5 15 4 15.2 -0.6% 
Capacity utilization rate (percent)" . . I . I I I .  83.0 86.0 85.9 89.8 90 1 89.6 90.8 0.2% 
Net import share of product supplied (percent) 51 9 49.6 43 2 36 8 37.0 35.4 36 2 -1 2% 
Net expenditures for imported crude oil and 

petroleum products (billion 2010 dollars) . 206 18 243 07 373 00 322.55 344.58 353.03 389 97 1.9% 

'Includes lease condensate 
'Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude product supplied 
'Includes other hydrocarbons and alcohols 
"The volumetric amount by which total OtJtpUt is greater than input d1Je to the processing of crude oil into products which, in total, have a lower specific gravity than 

51ncludes pyrolysis oils, biomass-derived Fischer-Tropsch liquids, and renewable feedstocks used for the on-site production of diesel and gasoline 
'Includes domestic sources of other blending components, other hydrocarbons, and ethers 
'Total crude supply plus other petroleum supply plus other non-petroleum supply 
'E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold starting issues, the percentage of ethanol 

'Includes ethanol and ethers blended into gasoline 
"Includes only kerosene type 
"Includes distillate fuel oil and kerosene from petroleum and biomass feedstocks 
"Includes aviation gasoline, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude oil product supplied, 

"Includes consumption for combined heat and power, which produces electricity and other useful thermal energy. 
''Includes consumption of energy by electricity-only and combined heat and power plants whose primaty business is to sell electricity, or electricity and heat, to the 

"Balancing item Includes unaccounted for supply, losses, and gains 
"End-of-year operable capacity 
"Rate is calculated by dividing the gross annual input to atmospheric crude oil distillation units by their operable refining capacity in barrels per calendar day 
- - = Not applicable 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 and 2010 product supplied based on: (J S Energy Information Administration (EIA), AnnualEnergy Review 20 10, DOE/EIA-0384(2010) (Washington, 

DC, October 201 1) Other 2009 data: EIA, Pelroleurn Supply Annual 2009, DOE/EIA-0340(2009)/1 (Washington, DC, July 2010) Other 2010 data: EIA, Pelroleurn 
SupplyAnnual2010, DOE/EIA-0340(2010)/1 (Washington, DC, July201 1) Projections: EIA,AE02012 National Energy Modeling System run REF2012.DO20112C 

the crude oil processed 

varies seasonally. The annual average ethanol content of 74 percent is used for this forecast 

methanol, and miscellaneous petroleum products 

public 
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Reference case 

Sector and fuel 

2009 2010 2015 2020 2025 2030 2035 
-- 

Annual 
growth 

2010-2035 
(percent) 
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I_ 

Reference case 

Sector and fuel 

2009 2010 2015 2020 2025 2030 2035 

Annual 
growth 

201 0-2035 
(percent) 
-“-1_ 

Crude oi l  prices (nominal dollars per barrel) 
Low sulfur light 
Imported crude oil’ 

Delivered sector product prices 

Residential 
Liquefied petroleum gases 
Distillate fuel oil 

Commercial 
Distillate fuel oil 
Residual fuel oil 
Residual fuel oil (nominal dollars per barrel) 

Industrial’ 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Residual fuel oil (nominal dollars per barrel) 

Transportat ion 
Liquefied petroleum gases 
Ethanol (E85)’ 
Ethanol wholesale price 
Motor gasoline4 
.let fuel5 
Diesel fuel (distillate fuel oil)‘ 
Residual fuel oil 
Residual fuel oil (nominal dollars per barrel) 

Electric power’ 
Distillate fuel oil 
Residual fuel oil 
Residual fuel oil (nominal dollars per barrel) 

Refined petroleum product prices’ 
Liquefied petroleum gases 
Motor gasoline4 
Jet fuel5 
Distillate fuel oil 
Residual fuel oil 
Residual fu inal dollar 1) 

Average . “ . . . I .  . . I  

61 65 
59 04 

2 08 
2 52 

2 20 
2 02 

84 91 

1 6 8  
2 28 
1 8 0  

75 59 

2 16 
1 9 6  
1 5 7  
2 35 
1 7 0  
2 44 
1 5 7  

65 95 

1 9 9  
1 3 3  

55 81 

1 3 5  
2 35 
1 7 0  
2 4 1  
1 5 6  

65 34 
2.14 

79 39 
75 87 

2 29 
2 94 

2 87 
1 66 

69 58 

1 85 
2 93 
1 6 3  

68 62 

2 28 
2 40 
1 7 1  
2 76 
2 19 
3 00 
1 5 6  

65 53 

2 60 
1 78 

74 77 

1 4 6  
2 74 
2 19 
2 97 
1 62 

68 00 
2.53 

125 97 
122 81 

2 80 
4 07 

3 56 
2 61 

109 59 

2 50 
3 58 
3 10 

130 16 

2 91 
2 98 
2 40 
3 81 
3 45 
4 07 
2 95 

124 07 

3 40 
3 71 

155 81 

2 10 
3 81 
3 45 
3 97 
3 07 

128 77 
3.57 

148 87 
136 02 

3 09 
4 70 

4 12 
3 10 

130 04 

2 76 
4 15 
3 61 

151 68 

3 21 
3 35 
2 98 
4 36 
4 01 
4 67 
3 44 

144 66 

3 94 
4 29 

180 16 

2 30 
4 36 
4 01 
4 57 
3 57 

150 05 
4.06 

170 09 
155 52 

3 51 
5 36 

4 75 
3 50 

147 17 

3 18 
4 80 
4 08 

171 25 

3 63 
3 52 
2 99 
4 95 
4 58 
5 35 
3 96 

166 32 

4 51 
4 88 

204 91 

2 63 
4 95 
4 58 
5 25 
4 09 

171 87 
4.62 

197 10 
180 06 

4 01 
6 20 

5 48 
4 06 

170 40 

3 67 
5 55 
4 62 

194 23 

4 14 
4 17 
3 25 
5 64 
5 30 
6 12 
4 42 

185 76 

5 22 
5 44 

228 64 

3 04 
5 64 
5 30 
6 03 
4 59 

192 61 
5.29 

229 55 
210 51 

4 65 
7 19 

6 36 
4 48 

188 19 

4 31 
6 42 
5 13 

215 53 

4 79 
4 82 
3 42 
6 39 
6 23 
7 03 
4 97 

208 57 

6 11 
6 10 

256 05 

3 57 
6 39 
6 23 
6 93 
5 14 

215 84 
6.06 

4 3% 
4 2% 

2 9% 
3.6% 

3.2% 
4 1% 
4 1% 

3.5% 
3.2% 
4.7% 
4.7% 

3.0% 
2.8% 
2.8% 
3 4% 
4 3% 
3 5% 
4 7% 
4 7% 

3.5% 
5.0% 
5.0% 

3 6% 
3 4% 
4.3% 
3.4% 
4.7% 
4.7% 
3.6% 

’Weighted average price delivered to U S refiners 
’Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public. 
’E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold starting issues, the percentage of ethanol 

‘Sales weighted-average price for all grades. Includes Federal, State and local taxes. 
51ncludes only kerosene type 
‘Diesel fuel for on-road use Includes Federal and State taxes while excluding county and local taxes 
’Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
‘Weighted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption 
Note: Data for 2009 and 2010 are model results and may differ slightly from official EIA data reports 
Sources: 2009 and 2010 low sulfur light crude oil price: U S Energy Information Administration (EIA), Form EIA-856, “Monthly Foreign Crude Oil Acquisition Report” 

2009 and 2010 imported crude oil price: EIA, Annual Energy Review 2010, DOE/EIA-0384(20 10) (Washington, DC, October 201 1) 2009 and 2010 prices for motor 
gasoline, distillate fuel oil, and jet fuel are based on: EIA, Pefroleurn Markefing Annual 2009, DOE/EIA-0487(2009) (Washington, DC, August 2010) 2009 and 20 10 
residential, commercial, industrial, and transportation sector petroleum product prices are derived from: EIA, Form EIA-782A, “Refiners’/Gas Plant Operators’ Monthly 
Petroleum Product Sales Report ” 2009 and 201 0 electric power prices based on: EIA, Monfhly Energy Review, DOE/EIA-0035(20 1 1/09) (Washington, DC, September 
20 1 1) 2009 and 20 10 E85 prices derived from monthly prices in the Clean Cities Alternative Fuel Price Report 2009 and 2010 wholesale ethanol prices derived from 
Bloomberg U S average rack price Projections: EIA, AE02012 National Energy Modeling System run REF2012 DO201 12C. 

varies seasonally The annual average ethanol content of 74 percent is used for this forecast. 
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Reference case 
Supply, disposition, and prices 

2009 2010 2015 2020 2025 2030 2035 

Table A13. Natural gas supply, disposition, and prices 
(trillion cubic feet per year, unless otherwise noted) 

Annual 
growth 

2010-2035 
(percent) 

Production 
Dry gas production' 
Supplemental natural gas2 

Net imports . . . . . . . . . I I I " .  I .  " .  " .  . . . . . . I 

Pipeline' 
Liquefied natural gas 

Total supply I . .  ~. . . . . . , " .  I .  I .  " . .  . . . I " .  . 
Consumption by sector 

Residential 
Commercial 
Industrial4 
Natural-gas-to-liquids heat and power' 
Natural gas to liquids production' 
Electric power' 
Transportation' 
Pipeline fuel 
Lease and plant fuel' 

Total I . . . . . . . I , . . . . I . . 
Discrepancy" . . . . . . . I . I ~. I .  " .  " .  . . . . . . I 
Natural gas prices 

(2010 dollars per million Btu) 
Henry hub spot price , . , I I , I . . . . 
Average lower 48 wellhead price" . . , . . . I 

(2010 dollars per thousand cubic feet) 
Average lower 48 wellhead price" , I I 

Delivered prices 
(2010 dollars per thousand cubic feet) 

Residential . . , I . I , , . . I 1 1 1 . 1 I I I 

Commercial , I I . . . . I . I I I 1 " I I " 

Industrial' . . I . I . I . I . . 
Electric power' . . 1 . 1 , . I I I . 
Transportation" I . . . " . I 

A ~ e r a g e ' ~  " .  . I .  I I " .  . I .  I I I .  I I I ~ ~. . . 

20 58 
0 07 

2.68 
2 26 
0 42 

23.32 

4 78 
3 12 
6 17 
0 00 
0 00 
6 87 
0 04 
0 60 
1 2 8  

22.85 

0.47 

4 00 
3 75 

3 85 

12 25 
10 06 
5 47 
4 97 

14 52 
7.55 

21 58 
0 07 

2.58 
2 21 
0 37 

24.22 

4 94 
3 20 
6 60 
0 00 
0 00 
7 38 
0 04 
0 63 
1 34 

24.1 3 

0.10 

4 39 
4 06 

4 16 

11 36 
9.32 
5 65 
5 25 

13.53 
7.33 

23 65 
0 06 

l "73  
1 5 6  
0 16 

25.45 

4 85 
3 33 
7 01 
0 00 
0 00 
8 08 
0 06 
0 67 
1 3 9  

25.39 

0.05 

4 29 
3 84 

3 94 

10 56 
8 82 
5 00 
4 65 

12 71 
6.60 

25 09 
0 06 

0.35 
1 0 1  

-0 66 

25.50 

4 83 
3 43 
7 08 
0 00 
0 00 
7 87 
0 08 
0 66 
1 5 1  

25.47 

0.04 

4 58 
4 10 

4 19 

11 11 
9 21 
5 25 
4 83 

12 81 
6.93 

26 28 
0 06 

-0.79 
-0 13 
-0 66 

25 55 

4 76 
3 44 
7 14 
0 00 
0 00 
7 87 
0 11 
0 66 
1 53 

25.53 

0.02 

5 63 
5 00 

5 12 

12 33 
10 27 
6 19 
5 73 

13 62 
7.93 

26 94 
0 06 

-0.89 
-0 27 
-0 62 

26.1 1 

4 72 
3 52 
7 03 
0 00 
0 00 
8 47 
0 14 
0 66 
1 5 5  

26.10 

0.01 

6 29 
5 56 

5 69 

13 08 
10 86 
6 73 
6 35 

14 02 
8.50 
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27 93 
0 06 

-1.36 
-0 70 
-0 66 

26.63 

4 64 
3 60 
7 00 
0 00 
0 00 
8 96 
0 16 
0 67 
1 6 0  

26.63 

-0.00 

7 37 
6 48 

6 64 

14 33 
11 93 
7 73 
7 37 

14 87 
9 52 

1 0 %  
-0 2% 

_ _  
_ _  
_ _  

0.4% 

-0 2% 
0 5% 
0 2% _ _  

_ -  
0 8% 
5 9% 
0 2% 
0 7% 
0.4% 

_ _  

2 1% 
1 9 %  

1 9 %  

0 9% 
10% 
1 3 %  
1 4 %  
0 4% 
1.1% 
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Reference case 
Supply, disposition, and prices 

2009 2010 2015 2020 2025 2030 2035 

Table A13. Natural gas supply, disposition, and prices (continued) 
(trillion cubic feet per year, unless otherwise noted) 

Annual 
growth 

201 0-2035 
(percent) 

I 1 

Natural gas prices 
(nominal dollars per million Btu) 

Henry hub spot price 3 95 
3 71 Average lower 48 wellhead price" 

(nominal dollars per thousand cubic feet) 
Average lower 48 wellhead price" 3 80 

Delivered prices 
(nominal dollars per thousand cubic feet) 

Residential 12 11 
Commercial 9 95 
Industrial4 5 40 
Electric power' 4 92 
Transportation" 14 36 

Average13 . . . . . . . . . I 7.46 

4 39 
4 06 

4 16 

11 36 
9 32 
5 65 
5 25 

13 53 
7.33 

4 62 
4 14 

4 24 

11.38 
9.50 
5 39 
5 01 

13 70 
7.1 I 

5 3 9  7 2 3  
4.81 6.42 

4 93 6 5 7  

1306  1582 
1082  1318  
6 17 7 9 4  
5 6 7  7 3 5  

1506  1748  
8.15 10.17 

8 95 
7 92 

8 1 1  

18 61 
15 46 
9.58 
9 03 

19 95 
12.10 

11 67 4.0% 
10 26 3.8% 

10.51 3 8% 

2269  2 8 %  
1889 2 9 %  
1223 3 1% 
11 67 3 2 %  
2354 2 2 %  
15.08 2.9% 

'Marketed production (wet) minus extraction losses. 
'Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed 

'Includes any natural gas regasified in the Bahamas and transported via pipeline to Florida, as well as gas from Canada and Mexico 
'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public 
51ncludes any natural gas used in the process of converting natural gas to liquid fuel that is not actually converted 
'Includes any natural gas converted into liquid fuel. 
'Includes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the 

'Natural gas used as vehicle fuel. 
'Represents natural gas used In well, field, and lease operations, and in natural gas processing plant machinery 
"Balancing item Natural gas lost as a result of converting flow data measured at varying temperatures and pressures to a standard temperature and pressure and 

the merger of different data reporting systems which vary in scope, format, definition, and respondent type In addition, 2009 and 2010 values include net storage 
injections. 

"Represents lower 48 onshore and offshore supplies 
''Natural gas used as a vehicle fuel Price includes estimated motor vehicle fuel taxes and estimated dispensing costs or charges 
"Weighted average prices Weights used are the sectoral consumption values excluding lease, plant, and pipeline fuel. 
- - = Not applicable 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 supply values; and lease, plant, and pipeline fuel consumption: U S. Energy Information Administration (EIA), Nalural Gas Annual 2009, DOEIEIA- 

0131(2009) (Washington, DC, December 2010). 2010 supply values; lease, plant. and pipeline fuel consumption; and wellhead price: EIA, Nalural Gas Monlhly, 
DOE/EIA-0130(2011/07) (Washington, DC, July 201 1)  Other 2009 and 2010 consumption based on: EIA, Annual Energy Review 2010, DOElEIA-0384(2010) 
(Washington, DC, October 201 1). 2009 wellhead price: U S Department of the Interior, Office of Natural Resources Revenue; and EIA, Nalural Gas Annual 2009, 
DOE/EIA-0131(2009) (Washington, DC, December 2010). 2009 residential and commercial delivered prices: EIA, Nalural Gas Annual 2009, DOE/EIA-0131(2009) 
(Washington, DC, December2010) 20lOresidentialand commercialdelivered prices: EIA, NaluralGasMonfhly, DOE/EIA-0130(2011/07) (Washington, DC, July201 1) 
2009 and 2010 electric power prices: EIA, Electric Power Monlhly. DOE/EIA-0226, April 2010 and April 201 1, Table 4.2, and EIA, Sale Energy Dafa Reporl 2009, 
DOE/EIA-0214(2009) (Washington, DC. June 201 1) 2009 and 2010 industrial delivered prices are estimated based on: EIA, Manufacfuring Energy Consumplion 
Survey and industrial and wellhead prices from the Natural Gas Annual 2009, DOE/EIA-O13 t(2009) (Washington, DC, December 2010) and the Nalural Gas Monlhly, 
DOEIEIA-0 130(20 1 1/07) (Washington, DC. July 201 1) 2009 transportation sector delivered prices are based on: EIA, Nalural Gas Annual2009, DOE/EIA-O131(2009) 
(Washington, DC. December 2010) and estimated state taxes, federal taxes, and dispensing costs or charges 2010 transportation sector delivered prices are model 
results Projections: EIA, AE02012 National Energy Modeling System run REF2012 DO201 12C 

with natural gas 

public 
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Exhibit-RW-6 

Production and supply 

---. 

Table A14. Oil and gas supply 

-. 
Reference case Annual 

growth 
010-2035 

2009 2010 2015 2020 2025 2030 2035  percent) 

Lower 48 average wellhead price' 
(2010 dollars per barrel) . . . . . . . . . .  

Production (million barrels per day)? 
United States total 

Lower 48 onshore 
Tight oil' 
Carbon dioxide enhanced oil recovery 
Other 

Lower 48 offshore 
Alaska 

Lower 48 end of year reserves? 
(billion barrels) . . . . . . . . . . . . . . . . . . . . . . . 

Natural gas 

Lower 48 average wellhead price' 
(2010 dollars per million Btu) 

Henry hub spot price 
Average lower 48 wellhead price' 

(2010 dollars per thousand cubic feet) 
Average lower 48 wellhead price' 

Dry production (trillion cubic feet)" 
United States total 

Lower 48 onshore 
Associated-dissolved5 
Non-associated 

Tight gas 
Shale gas 
Coalbed methane 
Other 

Lower 48 offshore 
Associated-dissolved5 
Non-associated 

Alaska 

Lower 48 end of year dry reserves" 
(trillion cubic feet) . I I . . . . I . . . . . . . . . I . . . I 

Supplemental gas supplies (trillion cubic feet)' 

Total lower 48 wells drilled (thousands) . . . . . . . . 

57.46 

5 36 
3 04 
0 25 
0 27 
2 52 
1 6 8  
0 65 

18.75 

4 00 
3 75 

3 85 

20 58 
17 50 

1 4 0  
16 10 

6 40 
2 91 
1 9 9  
4 80 
2 70 
0 70 
2 00 
0 37 

263.40 

0.07 

34.31 

80.46 

5 47 
3 21 
0 37 
0 28 
2 55 
1 67 
0 60 

18.33 

4 39 
4 06 

4 16 

21 58 
18 66 

1 4 0  
17 26 
5 68 
4 99 
1 9 9  
4 59 
2 56 
0 71 
1 85 
0.36 

260.50 

0.07 

43.19 

117.84 

6 15 
4 09 
0 97 
0 26 
2 86 
1 60 
0 46 

20.55 

4 29 
3 84 

3 94 

23 65 
21 48 

1 5 2  
19 96 

6 08 
8 24 
1 8 3  
3 82 
1 8 8  
0 55 
1 33 
0 29 

274.79 

0.06 

49.79 

124.44 

6 70 
4 38 
1 2 0  
0 33 
2 85 
1 8 3  
0 49 

23.02 

4 58 
4 10 

4 19 

25 09 
22 48 

1 54 
20 94 

6 06 
9 69 
1 79 
3 40 
2 34 
0 75 
1 5 9  
0 27 

290.32 

0.06 

53.80 

130.30 

6 40 
4 43 
1 2 9  
0 49 
2 66 
1 5 7  
0 40 

23.64 

5 63 
5 00 

5 12 

26 28 
23 64 

1 4 1  
22 23 

6 17 
1 1  26 

1 7 7  
3 03 
2 38 
0 67 
1 7 1  
0 25 

299.77 

0.06 

59.42 

130.74 

6 37 
4 29 
1 3 2  
0 61 
2 36 
1 6 5  
0 44 

24.34 

6 29 
5 56 

5 69 

26 94 
24 11 

1 1 8  
22 93 

6 07 
12 42 

1 74 
2 70 
2 58 
0 70 
1 8 8  
0 25 

307.17 

0.06 

60.21 

137.55 

5 99 
3 99 
1 2 3  
0 66 
2 10 
1 74 
0 27 

24 23 

7 37 
6 48 

6 64 

27 93 
24 97 

1 0 0  
23 97 

6 14 
13 63 

1 7 6  
2 44 
2 72 
0 73 
2 00 
0 23 

311.58 

0.06 

65.59 

2.2% 

0 4% 
0 9% 
4 9% 
3 5% 

-0 8% 
0 2% 

-3 2% 

1.1% 

2 1% 
1 9% 

1 9% 

1 0 %  
1 2% 

- 1  3% 
1 3 %  
0 3% 
4 1% 

-0 5% 
-2 5% 
0 3% 
0 1% 
0 3% 

-1 8% 

0.7% 

-0.2% 

1.7% 

'Represents lower 48 onshore and offshore supplies. 
'Includes lease condensate. 
'Tight oil represents resources in low-permeability reservoirs, including shale and chalk formations The specific plays included in the tight oil category are 

Bakkenmhree ForkslSanish, Eagle Ford, Woodford, Austin Chalk, Spraberry. Niobrara, Avalon/Bone Springs, and Monterey 
'Marketed production (wet) minus extraction losses. 
'Gas which occurs in crude oil reservoirs either as free gas (associated) or as gas in solution with crude oil (dissolved) 
%Synthetic natural gas, propane air, coke oven gas, refinery gas, biomass gas, air injected for Btu stabilization, and manufactured gas commingled and distributed 

with natural gas 
Note: Totals may not equal sum of components due to independent rounding. Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 and 2010 crude oil lower 48 average wellhead price: 1J.S Energy Information Administration (EIA), Pelroleurn Marheling Annual 2009, DOE/EIA- 

0487(2009) (Washington, DC, August 201 0) 2009 and 20 10 lower48 onshore, lower48 offshore, and Alaska crude oil production: EIA. Pelroleurn Supply Annual 2010, 
DOE/EIA-0340(2010)/1 (Washington, DC, July 201 1) 2009 U S crude oil and natural gas reserves: EIA, U S  Crude Oil, Nalural Gas, and Nalural Gas Liquids 
Reserves, DOE/EIA-0216(2009) (Washington, DC, November 2010). 2009Alaska and total natural gas production. and supplemental gas supplies: EIA, Nafural Gas 
Annual 2009, DOEIEIA-0131(2009) (Washington, DC, December 2010) 2009 natural gas lower48 average wellhead price: U.S. Department of the Interior, Office of 
Natural Resources Revenue; and EIA, NafuralGasAnnual20Q9, DOE/EIA-0131(2009) (Washington, DC, December2010) 2010 naturalgas lower48 average wellhead 
price, Alaska and total natural gas production, and supplemental gas supplies: EIA. Nafural Gas Monlhly, DOElEIA-O130(2011/07) (Washington, DC, July 201 1) Other 
2009 and 2010 values: EIA, Office of Energy Analysis. Projections: EIA, AEO2012 National Energy Modeling System run REF2012.DO20112C 
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Exhibit-RW-6 

Supply, disposition, and prices 

-- 

Table A 1 5  Coal supply, disposition, and prices 
(million short tons per year, unless otherwise noted) 

Reference case Annual 
growth 

2010-2035 
2009 2010 2015 2020 2025 2030 2035 (percent) 

--I- 
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Exhibit-RW-6 

Supply, disposition, and prices 

2009 2010 2015 2020 2025 2030 2035 

Table A15. Coal supply, disposition, and prices (continued) 
(million short toils per year, unless otherwise noted) 

growth 
2010-2035 
(percent) 

Reference case I Annual 
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Exhibit-RW-6 

Reference case 

Net summer capacity and generation 
2009 2010 2015 2020 2025 2030 2035 

--I___ 

Table A16. Renewable energy generating capacity and generation 
(gigawatts, unless otheiwise noted) 

Annual 
growth 

(percent) 
2010-2035 

Electric power sector' 
Net summer capacity 

Conventional hydropower 
Geothermal2 
Municipal waste3 
Wood and other biomass4 
Solar thermal 
Solar photovoltaic5 
Wind 
Offshore wind 

Total electric power sector capacity ... 
Generation (billion kilowatthours) 

Conventional hydropower 
Geothermal2 
Biogenic municipal waste6 
Wood and other biomass 

Dedicated plants 
Cofiring 

Solar thermal 
Solar photovoltaic5 
Wind 
Offshore wind 

Total electric power sector generation 

End-use sectors' 
Net summer capacity 

Conventional hydropower' 
Geothermal 
Municipal waste9 
Biomass 
Solar photovoltaic5 
Wind 

Total end-use sector capacity . . . . . 
Generation (billion kilowatthours) 

Conventional hydropower' 
Geothermal 
Municipal wasteg 
Biomass 
Solar photovoltaic5 
Wind 

Total end-use sector generation . 

78 01 
2 37 
3 20 
2 43 
0 47 
0 15 

34 52 
0 00 

121.16 

271 50 
15 01 
16 10 
10 74 
9 68 
1 06 
0 74 
0 16 

73 88 
0 00 

388.1 1 

0 34 
0 00 
0 36 
4 56 
1 2 2  
0 18 
6.66 

1 94 
0 00 
2 07 

25 31 
1 93 
0 24 

31.48 

78 03 
2 37 
3 30 
2 45 
0 47 

39 05 
0 00 

126.06 

o 38 

255 32 
15 67 
16 56 
11 51 
10 15 

1 36 
0 82 
0 46 

94 49 
0 00 

394.82 

0 33 
0 00 
0 35 
4 56 
2 05 
0 36 
7.65 

1 76 
0 00 
2 02 

26 10 
3 21 
0 47 

33.56 

78 55 
2 86 
3 36 
2 72 
1 3 6  
2 02 

54 26 
0 20 

145.34 

295 43 
18 68 
14 66 
21 28 
10 13 
1 1  15 
2 86 
3 61 

150 22 
0 75 

507.49 

0 33 
0 00 
0 35 
5 73 
8 98 
2 25 

17.64 

1 7 5  
0 00 
2 79 

33 30 
13 88 
2 88 

54.59 

79 13 
3 57 
3 36 
2 72 
1 3 6  
2 03 

54 31 
0 20 

146.68 

300 54 
24 41 
14 67 
51 60 
13 16 
38 44 

2 86 
3 62 

150 34 
0 75 

548 78 

0 33 
0 00 
0 35 
6 68 

11 19 
2 57 

21.12 

1 7 5  
0 00 
2 79 

39 53 
17 40 
3 31 

64.77 

80 14 
4 45 
3 36 
2 72 
1 3 6  
2 30 

57 57 
0 20 

152.10 

305 00 
31 53 
14 67 
63 90 
13 30 
50 60 

2 86 
4 37 

160 73 
0 75 

583 81 

0 33 
0 00 
0 35 
8 44 

11 69 
2 60 

23.41 

1 75 
0 00 
2 79 

52 34 
18 22 
3 36 

78.45 

80 66 
5 48 
3 36 
2 72 
1 3 6  
2 97 

60 29 
0 20 

157.05 

307 40 
39 89 
14 67 
57 08 
11 81 
45 27 

2 86 
6 16 

169 64 
0 75 

598.46 

0 33 
0 00 
0 35 

11 31 
1241  
2 65 

27.05 

1 75 
0 00 
2 79 

76 03 
19 40 
3 44 

103.40 

81 25 
6 30 
3 36 
2 89 
1 3 6  
8 18 

66 65 
0 20 

170.19 

310 08 
46 54 
14 67 
49 28 
10 37 
38 92 

2 86 
20 19 

189 92 
0 75 

634.30 

0 33 
0 00 
0 35 

13 81 
13 33 
2 74 

30.57 

1 7 5  
0 00 
2 79 

96 17 
20 91 

3 56 
125.17 

0 2% 
4 0% 
0 1% 
0 7% 
4 3% 

13 0% 
2 2% 

1.2% 
_ _  

0 8% 
4 5% 

-0 5% 
6 0% 
0 1% 

14 4% 
5 1% 

16 4% 
2 8% 

I .9% 
- -  

0 0% 

0 0% 
4 5% 
7 8% 
8 5% 
5.7% 

_ _  

-0 0% 

1 3% 
5 4% 
7 8% 
8 5% 
5.4% 

_ _  
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-I 

Reference case 

Net summer capacity and generation 
2009 2010 2015 2020 2025 2030 2035 

Annual 
growth 

(percent) 
2010-2035 

Total, al l  sectors  
Net summer capacity 

Conventional hydropower 
Geothermal 
Municipal waste 
Wood and other biomass4 
Sola? 
Wind 

Total capacity, all sectors . . I 
Generation (bi l l ion ki lowatthours) 

. 

Conventional hydropower 
Geothermal 
Municipal waste 
Wood and other biomass 
Sola? 
Wind 

Total generation, a l l  sectors . . . . . . I . I 

78 35 
2 37 
3 57 
6 99 
1 8 5  

34 70 
127.83 

273 44 
15 01 
18 16 
36 05 
2 82 

74 12 
419.59 

7a 36 
2 37 
3 65 
7 00 
2 90 

3 9 4 1  
133.70 

257 08 
15 67 
18 59 
37 61 

4 48 
94 95 

428.38 

78 88 

a 45 

I 62.98 

297 i a  

2 86 
3 71 

12 37 
56 72 

18 68 
17 45 
54 58 
20 35 

153 85 
562.08 

79 46 
3 57 
3 71 
9 40 

14 58 
57 07 
I 67.80 

302 28 
24 41 
17 46 
91 13 
23 87 

154 40 
613.55 

80 47 
4 45 
3 71 

11 16 
15 35 
60 37 

175.51 

306 75 
31 53 
17 46 

116 24 
25 44 

164 84 
662.25 

a0 99 
5 48 
3 71 

14 03 
16 74 
63 15 

184.10 

309 15 

17 46 
133 11 
28 42 

173 83 

39 a9 

701.85 

81 58 0 2 %  
6 3 0  4 0% 
3 7 1  0 1 %  

1671 3 5 %  
22 a7 8 6 %  
6 9 5 9  2 3 %  

200.76 1.6% 

311 83 0 8 %  
46 54 4 5% 
1746  -03% 

14545 5 6 %  
4396  9 6 %  

194 23 2 9% 
759.46 2.3% 

'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes both hydrothermal resources (hot water and steam) and near-field enhanced geothermal systems (EGS) Near-field EGS potential occurs on known 

'Includes municipal waste, landfill gas, and municipal sewage sludge Incremental growth is assumed to be for landfill gas facilities. All municipal waste is included, 

"Facilities co-firing biomass and coal are classified as coal 
'Does not include off-grid photovoltaics (PV). Based on annual PV shipments from 1989 through 2009, EIA estimates that as much as 245 megawatts of remote 

electricity generation PV applications (i e , off-grid power systems) were in service in 2009, plus an additional 558 megawatts in communications, transportation, and 
assorted other non-grid-connected, specialized applications See U S Energy Information Administration. Annual Energy Review 2010, DOE/EIA-0384(2010) 
(Washington, DC, October 201 l ) ,  Table 10 9 (annual PV shipments, 1989-2009) The approach used to develop the estimate. based on shipment data, provides an 
upper estimate ofthe size ofthe PV stock, including both grid-based and off-grid PV It will overestimate the size of the stock, because shipments include a substantial 
number of units that are exported, and each year some of the PV units installed earlier will be retired from service or abandoned 

'Includes biogenic municipal waste, landfill gas, and municipal sewage sludge Incremental growth is assumed to be for landfill gas facilities. Only biogenic municipal 
waste is included. The U S. Energy Information Administration estimates that in 2010 approximately 6 billion kilowatthours of electricity were generated from a municipal 
waste stream containing petroleum-derived plastics and other non-renewable sources See US. Energy Information Administration, Melhodology forAllocafing Municipal 
Solid Wasfe lo Biogenic and Non-Biogenic Energy (Washington, DC, May 2007) 

'Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-site generating systems in the residential, 
commercial, and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid 

'Represents own-use industrial hydroelectric power 
'Includes municipal waste, landfill gas, and municipal sewage sludge All municipal waste is included, although a portion of the municipal waste stream contains 

- - = Not applicable. 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 and 2010 capacity: U S Energy Information Administration (EIA), Form EIA-860, "Annual Electric Generator Repof (preliminary) 2009 and 2010 

generation: EIA, AnnualEnergy Review 2010. DOE/EIA-0384(2010) (Washington, DC, October 201 1) Projections: EIA. AE02012 National Energy Modeling System 
run REF2012 D020112C 

hydrothermal sites, however this potential requires the addition of external fluids for electricity generation and is only available after 2025. 

although a portion of the municipal waste stream contains petroleum-derived plastics and other non-renewable sources 

petroleum-derived plastics and other non-renewable sources 
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-- 
Reference case 

I Sector and source 

2009 2010 2015 2020 2025 2030 2035 

Annual 
g rowth  

2010-2035 
(percent) 

Marketed renewable energy' 

Residential (wood) ....................... 
Commercial (biomass) . . . . . . . . . . . . . . . . . . .  

Industrial' .............................. 
Conventional hydroelectric . . . . . . . . . . . . . . . .  
Municipal waste3 . . . . . . . . . . . . . . . . . . . . . . . .  
Biomass . . . . . . . . . . . . . . . . . . . . . . . . . .  
Biofuels heat and coproducts . . . . . . . . . . .  

Transportation 
Ethanol used I 
Ethanol used In gasoline blending 
Biodiesel used in distillate blending 
Liquids from biomass 
Renewable diesel and gasoline5 

Electric power6 . . . . . . . . . . . . . . . . . . . . . .  
Conventional hydroelectric 
Geothermal 
Biogenic municipal waste' 
Biomass 

Dedicated plants 
Cofiring 

Solar thermal 
Solar photovoltaic 
Wind 

Total marketed renewable energy . ........... 

Sources of ethanol 
from corn and other starch 
from cellulose 
Net imports 

Total ................................. 

0.43 

0 11 

2.19 
0 02 
0 16 
1 1 9  
0 82 

0 99 
0 00 
0 95 
0 04 
0 00 
0 00 

3.77 
2 65 
0 15 
0 07 
0 17 
0 16 
0 01 
0 01 
0 00 
0 72 

7.49 

0 94 
0 00 
0 02 
0.95 

0.42 

0 11 

2.34 
0 02 
0 17 
1 3 1  
0 84 

1.14 
0 00 
1 1 0  
0 03 
0 00 
0 01 

3.85 
2 49 
0 15 
0 08 
0 19 
0 17 
0 02 
0 01 
0 00 
0 92 

7.87 

1 14 
0 00 

-0 03 
1.11 

0.43 

0.11 

2.42 
0 02 
0 18 
1 4 2  
0 81 

1 4 5  
0 01 
1 2 1  
0 18 
0 03 
0 03 

4 96 
2 88 
0 18 
0 09 
0 27 
0 16 
0 11 
0 03 
0 04 
1 4 7  

9.37 

1 2 0  
0 01 
0 00 
1.22 

0.43 

0.1 I 

2.63 
0 02 
0 18 
1 4 8  
0 96 

1.72 
0 08 
1 2 7  
0 23 
0 1 1  
0 03 

5.40 
2 93 
0 24 
0 09 
0 60 
0 21 
0 39 
0 03 
0 04 
1 4 7  

10.29 

1 32 
0 03 
0 00 
l " 3 5  

0.43 

0.1 1 

3.09 
0 02 
0 18 
1 62 
1 2 7  

2.1 6 
0 20 
1 35 
0 24 
0 33 
0 03 

5.75 
2 98 
0 31 
0 09 
0 73 
0 22 
0 52 
0 03 
0 04 
1 5 8  

11.54 

1 3 9  
0 13 
0 03 
1.55 

0.43 

0.1 1 

3.79 
0 02 
0 18 
1 6 8  
1 92 

2.88 
0 47 
1 35 
0 25 
0 78 
0 03 

5.87 
3 00 
0 39 
0 09 
0 64 
0 18 
0 46 
0 03 
0 06 
1 6 6  

13.09 

1 3 9  
0 40 
0 04 
1 .a2 

0.43 

0.1 1 

4.52 
0 02 
0 18 
1 7 6  
2 57 

3.75 
0 80 
1 34 
0 26 
1 3 1  
0 03 

6.22 
3 03 
0 45 
0 09 
0 56 
0 16 
0 40 
0 03 
0 20 
1 8 6  

15.03 

1 4 6  
0 61 
0 08 
2.1 5 

0.1% 

0.0% 

2.7% 
0 0% 
0 1% 
1 2 %  
4 6% 

4.9% 
27 0% 

0 8% 
9 2% 

6 2% 

1.9% 
0 8% 
4 5% 
0 6% 
4 4% 

-0 1% 
11 8% 
5 1% 

16 4% 
2 8% 

2.6% 

_ _  

1 0 %  
56 6% 

2.7% 
_ _  
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Exhibit-RW-6 

Reference case 

Sector and source 
2009 2010 2015 2020 2025 2030 2035 

Annual 
growth 

201 0-2035 
(percent) 

Btu = British thermal unit. 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports. 
Sources: 2009 and 2010 ethanol: U S Energy information Administration (EIA). Annual Energy Renew 2010, DOEIEIA-0384(2010) (Washington, DC, October 

201 1) 2009 and 201 0 electric power sector: EIA, Form EIA-860, "Annual Electric Generator Report" (preliminary) Other 2009 and 20 10 values: EIA, Office of Energy 
Analysis Projections: EIA, AE02012 National Energy Modeling System run REF2012 DO201 12C 
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Reference case 
Sector and source 

2009 2010 2015 2020 2025 2030 2035 

Table A18. Energy-related carbon dioxide emissions by sector and source 
(million metric tons, unless otherwise noted) 

Annual 
growth 

2010-2035 
(percent) 

I --- 

Residential 
Petroleum 
Natural gas 
Coal 
Electricity' 

Total residential ..................... 

Commercial 
Petroleum 
Natural gas 
Coal 
Electricity' 

Total commercial ..................... 

Industrial' 
Petroleum 
Natural gas3 
Coal 
Electricity' 

Total industrial 

Transportation 
Petroleum4 
Natural gas5 
Electricity' 

Total transportation . "  
Electric power6 

Petroleum 
Natural gas 
Coal 
Other' 

Total electric power . . . " . .  
Total by fuel 

Petroleum3 . , " "  . .  " .  " . . "  
Natural gas . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Other' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total ................................ 
Carbon dioxide emissions 
(tons per person) ........................ 

81 
259 

1 
819 

1159 

49 
169 

6 
785 

1009 

339 
383 
128 
551 

1401 

1818 
34 

4 
1856 

34 
373 

1741 
12 

2159 

2320 
1218 
1876 

12 
5425 

17.6 

85 
267 

1 
879 

1232 

51 
173 

6 
805 

1035 

344 
408 
157 
583 

1492 

1836 
36 

4 
1876 

33 
399 

1828 
12 

2271 

2349 
1283 
1990 

12 
5634 

18.1 

74 
264 

1 
746 

1084 

44 

6 
72 1 
952 

i a i  

364 
445 
154 
540 

1503 

1825 
39 

4 
1868 

23 
438 

1539 
12 

201 1 

2329 
1367 
1699 

12 
5407 

16.6 

69 
263 

1 
769 

1101 

44 
186 

6 
757 
993 

350 
454 
170 
536 

1509 

1785 
40 

5 
1831 

23 
427 

1606 
12 

2067 

2271 
1370 
1781 

12 
5434 

15.9 

65 
259 

1 
816 

1141 

44 
187 

6 
806 

1043 

35 1 
459 
183 
550 

1542 

1778 
42 

7 
1827 

24 
427 

1717 
12 

21 79 

2261 
1374 
1906 

12 
5552 

15.5 

61 
257 

1 
862 

1181 

44 
191 

6 
852 

1093 

35 1 
455 
190 
535 

1531 

1791 
44 

9 
1843 

24 
459 

1763 
12 

2258 

227 1 
1405 
1959 

12 
5647 

15.1 

59 
252 

1 
907 

1218 

44 
196 

6 
897 

1142 

358 
456 
197 
516 

1527 

1814 
45 
12 

1871 

25 
485 

1809 
12 

2330 

2300 
1435 
2012 

12 
5758 

14.8 

-1 5% 
-0 2% 
-1 3% 
0 1% 
-0.0% 

-0 6% 
0 5% 
0 0% 
0 4% 
0.4% 

0 2% 
0 4% 
0 9% 

-0 5% 
0.1% 

-0 0% 
0 9% 
4 2% 
-0.0% 

- 1  1% 
0 8% 

-0 0% 
0 0% 
0.1% 

-0 1% 
0 4% 
0 0% 
0 0% 
0.1% 

-0.8% 

'Emissions from the eleclric power sector are dislribuled lo lhe end-use seclors 
'Fuel consumplion includes energy for combined heal and power planls, excepl lliose planls whose primary business is lo sell eleclricily. or eleclricily and heal. lo 

31ncludes lease and plant fuel 
'This includes carbon dioxide from lnlernalional bunker fuels, bolh civilian and military, which are excluded from the accounting of carbon dioxide emissions under 

the United Nalions convention From 1990 through 2009, inlernalional bunker fuels accounted for 90 to 126 million metric tons annually 
'Includes pipeline fuel natural gas and natural gas used as vehicle fuel 
'Includes eleclricily-only and combined heal and power planls whose primary business is lo sell eleclricily, or eleclricily and heal, lo lhe public 
'Includes emissions from geothermal power and nonbiogenic emissions from municipal waste 
Note: By convenlion, the direcl emissions from biogenic energy sources are excluded from energy-related carbon dioxide emissions The release of carbon from 

these sources is assumed to be balanced by lhe uplake of carbon when the feedslock is grown, resulling in zero ne1 emissions over some period of lime If. however, 
increased use of biomass energy resulls in a decline in terrestrial carbon stocks, a ne1 posilive release of carbon may occur See "Energy-Relaled Carbon Dioxide 
Emissions by End Use" for lhe emissions from biogenic energy sources as an indication of lhe polenlial ne! release of carbon dioxide in lhe absence of offselling 
sequeslralion Tolals may nol equal sum of componenls due lo independenl rounding Data for 2009 and 2010 are model resulls and may differ slightly from official 
EIA dala reports 

Sources: 2009 and 2010 emissions and emission faclors: U S Energy Information Adminislralion (EIA). Monflily Energy Review, Oclober 201 1 
DOE/EIA-0035(2011/10) (Washinglon. DC. October 201 1) Projections: EIA. AE02012 National Energy Modeling Syslem run REF2012 DO201 12C 

the public 
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Ex hi bit-RW -6 

Reference case 

Sector and end use 

2009 2010 2015 2020 2025 2030 2035 
--I 

Annual 
growth 

2010-2035 
(percent) - 

Residential 
Space heating 
Space cooling 
Water heating 
Refrigeration 
Cooking 
Clothes dryers 
Freezers 
Lighting 
Clothes washers' 
Dishwashers' 
Color televisions and set-top boxes 
Personal computers and related equipment 
Furnace fans and boiler circulation pumps 
Other uses 
Discrepancy' 

Total residential . . . . I . . . . . . . . 
Commercial 

Space heating3 
Space cooling3 
Water heating3 
Ventilation 
Cooking 
Lighting 
Refrigeration 
Office equipment (PC) 
Office equipment (non-PC) 
Other uses4 

Total commercial . . I . I . . . . . . . . . 

Industr ial 
Manufacturing 

Refining " " . " I . I . . . . . I I . . . . I , . . I . 
Food products I . . I I , . . . . I I I I I I . I . 
Paper products I . . . I I I . . I I 

Bulk chemicals 1 I . 1 , . , . , , . . 
Glass , " "  " " " " . .  " , " . . " .  " , " ,  

Cement manufacturing I . . . . 1 . I . . . . , I , 
Iron and steel . " I , 1 , . . . . . I . . I . . I I , 

Aluminum . " " . I " I , . I I . . I I . I . . . , I 
Fabricated metal products . . I . . I . . I . . I 
Machinery . I " " . . " . . . . I I . I . . I . I 

Computers and electronics . . . I . . . . , . I I 

Transportation equipment . . . I . . . I . I I 

Electrical equipment . I , . . I . I . . I I I . . 
Wood products . . I . . I , . . . . I . . I . I 
Plastics . . . " . I I I . . . . . . . . . . . . . I I . 
Balance of manufacturing . . . I I . I . . I I . I 

. 

Total manufacturing 1 , . . . I . . I I I I . I I . 

Agriculture I . . " . . I . . . . I . . . . I , . I . I , 
Construction I . . " I I . . . . . . I . . , . I . I , 
Mining . _ _ . _  I "  , " " " , " . . " , . " . " .  

Total nonmanufacturing 1 1 " 1 . , . . , 

NonmanufactcJring 

Discrepancy2 . : . I ,  l l l l l . l  

Total industr ial I " .  

280 90 
142 72 
160 15 
66 17 
32 01 
36 78 
14 50 

123 36 
5 87 

17 70 
56 62 
29 75 
23 80 

167 37 
1 7 3  

11 59.44 

129 16 
84 66 
41 32 
88 64 
13 27 

181 96 
70 13 
38 00 
43 86 

317 61 
1008.62 

261 44 
100 97 
77 15 

221 74 
18 92 
25 91 
91 87 
27 63 
36 69 
22 80 
30 67 
43 77 

7 86 
16 74 
37 47 

142 01 
1163 64 

73 84 
76 16 
43 45 

193 45 
43 83 

298 51 
191 18 
159 68 
66 06 
32 25 
37 23 
14 62 

122 27 
5 79 

17 75 
58 20 
30 47 
23 93 

173 46 
0 16 

1231.57 

129 68 
101 34 
41 44 
90 04 
13 58 

180 09 
69 16 
37 69 
46 44 

325 18 
1034.63 

265 88 
105 04 
76 70 

234 55 
18 59 
25 67 

116 74 
30 89 
36 14 
23 76 
33 07 
45 62 

8 17 
16 90 
38 26 

142 62 
1218 60 

73 82 
69 67 
46 03 

189 52 
83 41 

277 05 
159 32 
151 53 
57 91 
30 98 
33 43 
13 14 
81 97 

4 96 
15 48 
50 98 
29 70 
21 88 

155 66 
0 00 

1083 99 

124 70 
80 33 
41 47 
83 19 
13 68 

156 69 
55 15 
29 68 
49 41 

317 95 
952.26 

268 04 
98 92 
71 83 

213 65 
19 05 
33 19 

117 01 
28 68 
36 43 
24 75 
32 16 
56 18 

8 23 
19 68 
34 96 

133 94 
1196 68 

69 73 
83 15 
44 37 

197 25 
108 76 

272 48 
164 10 
154 46 
58 63 
32 26 
31 76 
13 17 
74 77 

4 18 
15 32 
53 06 
33 59 
22 19 

171 03 
-0 00 

1101.00 

124 97 
79 94 
42 83 
86 87 
14 20 

160 17 
52 64 
29 85 
56 62 

345 09 
993.1 6 

278 94 
104 00 
71 82 

229 11 
20 00 
35 70 

11023 
27 66 
36 81 
24 32 
33 69 
54 82 

8 25 
19 99 
35 35 

136 85 
1227 54 

68 13 
91 08 
44 16 

203 37 
78 58 

267 4 1 
174 13 
157 58 
61 36 
33 88 
30 86 
13 46 
72 02 

3 86 
15 33 
57 14 
37 07 
22 63 

194 05 
0 00 

1140.80 

122 24 
81 20 
43 45 
90 94 
14 47 

166 24 
52 71 
30 75 
62 87 

378 20 
1043.07 

288 94 
108 26 
73 13 

233 13 
21 33 
37 08 

114 88 
26 37 
37 90 
26 46 
36 48 
54 85 

9 10 
20 46 
34 86 

138 25 
1261 49 

68 31 
92 27 
43 79 

204 37 
76 09 

264 17 
183 61 
156 73 
64 38 
35 40 
30 58 
13 61 
71 52 

3 64 
16 16 
61 62 
39 80 
22 80 

216 69 
0 00 

11 80.73 

120 61 
82 60 
44 00 
94 43 
14 84 

171 06 
53 53 
32 11 
67 77 

411 92 
1092.87 

303 58 
111 71 
71 21 

225 47 
21 21 
36 48 

107 91 
24 89 
35 62 
25 49 
36 57 
57 23 

8 85 
19 14 
34 29 

133 50 
1253 14 

67 95 
91 23 
43 23 

202 41 
74 99 

259 97 
192 21 
154 55 
67 24 
36 82 
31 50 
13 81 
72 33 

3 74 
17 28 
66 45 
41 67 
23 00 

237 60 
0 00 

1218.17 

118 00 
84 17 
44 04 
97 04 
15 13 

174 62 
54 79 
33 19 
71 49 

449 71 
1142 18 

322 94 
113 98 
69 81 

215 77 
20 50 
37 41 
99 25 
23 14 
33 25 
23 73 
36 74 
58 87 

8 55 
18 50 
33 32 

129 25 
1245 00 

68 29 
91 95 
42 83 

203 08 
78 94 

1400.92 1491.53 1502.69 1509.48 1541.94 1530.55 1527.02 

U S Energy Information Administration I Annual Energy Outlook 2012 

-0 6% 
0 0% 

-0 1% 
0.1% 
0.5% 

-0.7% 
-0.2% 
-2 1% 
-1.7% 
-0.1 % 
0.5% 
1 3 %  

-0 2% 
1 3 %  

-0.0% 
- -  

-0 4% 
-0.7% 
0.2% 
0.3% 
0 4% 

-0 1% 
-0 9% 
-0 5% 
1 7 %  
1 3 %  
0.4% 

0.8% 
0.3% 

-0 4% 
-0 3% 
0.4% 
1.5% 

-0.6% 
-1.1% 
-0.3% 
-0.0% 
0.4% 
1 .O% 
0.2% 
0.4% 

-0.6% 
-0.4% 
0.1% 

-0 3% 
1 1 %  

-0 3% 
0 3% 

-0 2% 
0.1% 
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Exhibit-RW-6 

Reference case 

Sector and end use 

2009 2010 2015 2020 2025 2030 2035 

Annual 
growth 

2010-2035 
(percent) - 

Transportation 
Light-duty vehicles 
Commercial light trucks5 
Bus transportation 
Freight trucks 
Rail, passenger 
Rail, freight 
Shipping, domestic 
Shipping, international 
Recreational boats 
Air 
Military use 
Lubricants 
Pipeline fuel 
Discrepancy' 

Total transportat ion . . . . . . . . I I I 

Biogenic energy combust ionG 
Biomass 

Electric power sector 
Other sectors 

Biogenic waste 
Biofuels heat and coproducts 
Ethanol 
Biodiesel 
Liquids from biomass 
Renewable diesel and gasoline 

Total 

1068 20 
35 27 
14 85 

356 16 
5 41 

26 27 
13 03 
60 55 
16 45 

172 79 
50 94 
4 71 

32 53 
-1 34 

1855.81 

178 16 
15.83 

162 33 
6.56 

77.06 
65 18 

3 07 
0 00 
0 00 

330.03 

1060 96 
38 02 
17 67 

348 09 
5 84 

32 99 
16 31 
67 51 
17 12 

178 28 
54 70 

5 19 
34 34 
-1 15 

1875.88 

190 68 
18 00 

172 68 
7 10 

79 11 
75 71 

2 1 1  
0 00 
0 50 

355.21 

1014 74 
39 58 
17 32 

389 50 
5 76 

30 95 
16 75 
67 87 
17 27 

180 48 
47 05 

5 00 
36 23 
-0 21 

1868.28 

208 91 
25 42 

183 49 
8 20 

75 91 
83 37 
12 76 
2 01 
2 23 

393.39 

966 95 
38 75 
17 17 

391 24 
6 02 

33 83 
17 65 
68 23 
17 53 

186 23 
45 77 

5 10 
35 81 

0 45 
1830.73 

245 80 
56.39 

189 41 
8.21 

89.81 
92 41 
16 51 
7 99 
2 23 

462.96 

945 91 
38 76 
17 13 

396 52 
6 39 

36 05 
17 97 
68 70 
17 90 

192 08 
47 13 

5 19 
35 79 

1 14 
1826.65 

271 80 
68 61 

203 18 
8 21 

119 14 
106 14 

17 69 
24 22 

2 23 
549.43 

950 30 
39 51 
17 18 

398 85 
6 70 

36 73 
18 15 
69 13 
18 42 

195 53 
49 65 

5 24 
35 99 

1 8 1  
1843 20 

268 87 
60 49 

208 37 
8 21 

179 75 
124 29 

1842  
57 28 

2 23 
659.05 

957 76 
40 97 
17 32 

409 21 
6 98 

37 43 
18 27 
69 55 
18 94 

197 54 
52 56 

5 28 
36 36 

2 39 
1870.57 

268 81 
52 72 

216 10 
8 21 

241 23 
146 78 

19 18 
95 80 

2 21 
782.23 

-0 4% 
0 3% 

-0 1% 
0 6% 
0 7% 
0 5% 
0 5% 
0 1% 
0 4% 
0 4% 

-0 2% 
0 1% 
0 2% 

-0.0% 
- -  

1 4% 
4 4% 
0 9% 
0 6% 
4 6% 
2 7% 
9 2% 

6 2% 

- _  

3.2% 

'Does not include water heating portion of load 
'Represents differences between total emissions by end-use and total emissions by fuel as reported in Table Ai8 Emissions by fuel may reflect benchmarking and 

'Includes emissions related to fuel consumption for district services 
'Includes miscellaneous uses, such as service station equipment, automated teller machines, telecommunications equipment, medical equipment, pumps, emergency 

generators, combined heat and power in commercial buildings, manufacturing performed in commercial buildings, and cooking (distillate), plus emissions from residual 
fuel oil, liquefied petroleum gases, coal, motor gasoline, and kerosene 

other modeling adjustments to energy use and the associated emissions that are not assigned to specific end uses 

SCommercial trucks 8,501 to 10,000 pounds gross vehicle weight rating. 
'By convention, the direct emissions from biogenic energy sources are excluded from energy-related carbon dioxide emissions The release of carbon from these 

sources is assumed to be balanced by the uptake of carbon when the feedstock is grown, resulting in zero net emissions over some period of time if, however, 
increased use of biomass energy results in a decline in terrestrial carbon stocks, a net positive release of carbon may occur Accordingly, the emissions from biogenic 
energy sources are reported here as an indication of the potential net release of carbon dioxide in the absence of offsetting sequestration 

- - = Not applicable 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

Sources: 2009 and 2010 emissions and emission factors: U S Energy Information Administration (EIA), MonMy Energy Review, October 201 I 
data reports 

DOE/EIA-0035(201 1/70) (Washington, DC, October 201 1) Projections: EIA, AE02012 National Energy Modeling System run REF2012 DO20 1 i 2 C  
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Exhibit-RW-6 

Indicators 

-._ 

Reference case Annual 
growth 

201 0-2035 
2009 2010 2015 2020 2025 2030 2035 (percent) 

____ 
Real gross domestic product I I . I . . I . . . . . . 
Components of real gross domestic product 

Real consumption 
Real investment 
Real government spending 
Real exports 
Real imports 

Energy intensity 
(thousand Btu per 2005 dollar of GDP) 

Delivered energy 
Total energy 

Price indices 
GDP chain-type price index (2005=1 000) 
Consumer price index (1982-4=1 00) 

All-urban 
Energy commodities and services 

Wholesale price index (1982=1 00) 
All commodities 
Fuel and power 
Metals and metal products 
Industrial commodities excluding energy 

Interest rates (percent, nominal) 
Federal funds rate 
10-year treasury note 
AA utility bond rate 

Value of shipments (billion 2005 dollars) 
Service sectors 
Total industrial 

Nonmanufacturing 
Manufacturing 

Energy-intensive 
Non-energy-intensive 

Total shipments . . " .  . " .  . . . I . .  . . . . . . . . . . 

Population and employment (millions) 
Population, with armed forces overseas 
Population, aged 16 and over 
Population, over age 65 
Employment, nonfarm 
Employment, manufacturing 

Key labor indicators 
Labor force (millions) 
Nonfarm labor productivity (1992=1 00) 
Unemployment rate (percent) 

Key indicators for energy demand 
Real disposable personal income 
Housing starts (millions) 
Commercial floorspace (billion square feet) 
Unit sales of light-duty vehicles (millions) 

12703 

9037 
1454 
2540 
1494 
1853 

5 42 
7 46 

1097 

2 15 
193  

173  
159 
1 87 
176  

0 16 
3 26 
5 75 

19996 
5667 
1615 
4052 
1509 
2543 

25664 

307 8 
241 8 

39 7 
130 7 

1 1  8 

154 2 
106 
9 28 

9883 
0 60 
80 3 

10 40 

13088 

922 1 
1715 
2557 
1663 
2085 

5 45 
7 50 

1110 

2 18 
2 12 

185  
1 86 
2 08 
183  

0 18 
3 21 
5 24 

20602 
5838 
1578 
4260 
1595 
2664 

26440 

310 8 
244 3 
40 4 

129 8 
1 1  5 

153 9 
110 
9 63 

10062 
0 63 
81 1 

11 55 

14803 

10218 
2457 
2355 
2289 
2463 

4 84 
6 58 

1196 

2 42 
2 62 

2 10 
2 29 
2 43 
2 04 

3 26 
4 67 
6 74 

22469 
6730 
1873 
4857 
1664 
3194 

291 99 

326 2 
256 5 
47 1 

139 4 
12 1 

158 0 
116 
7 51 

1 1035 
1 75 
84 1 

16 16 

16740 

11250 
2888 
2407 
3096 
2800 

4 33 
5 93 

1304 

2 67 
2 94 

2 23 
2 57 
2 50 
2 13 

4 07 
5 10 
7 41 

24967 
7363 
2103 
5260 
1786 
3474 

32329 

342 0 
269 4 
55 1 

147 3 
11 9 

163 6 
126  
6 47 

12472 
1 92 
89 I 

16 40 

19185 

12697 
3472 
2525 
4235 
3516 

3 85 
5 32 

1424 

2 95 
3 36 

2 39 
3 01 
2 57 
2 22 

4 29 
5 06 
7 17 

28029 
7973 
2228 
5745 
1901 
3844 

36002 

358 1 
282 6 

64 2 
154 2 

11  4 

168 6 
142  
5 54 

14286 
1 96 
93 9 

17 79 

21725 

14359 
4063 
2667 
5484 
4461 

3 48 
4 80 

1580 

3 30 
3 86 

2 5a 
3 50 
2 61 
2 32 

4 52 
5 26 
7 48 

3091 1 
8328 
2305 
6023 
1973 
4050 

39239 

374 1 
296 2 

72 3 
162 0 

10 3 

174 5 
157 
5 40 

16268 
190 
98 2 

18 11 

24539 

16220 
4836 
2818 
6953 
5690 

3 17 
4 36 

1758 

3 72 
4 37 

2 81 
4 12 
2 64 
2 43 

4 30 
5 18 
7 56 

33430 
8692 
2407 
6285 
2034 
4251 

421 22 

390 1 
309 6 

77 7 
166 8 

9 2  

181 7 
1 75 
5 54 

18217 
189  

103 0 
18 64 

2.5% 

2 3% 
4.2% 
0.4% 
5.9% 
4 1% 

-2 1% 
-2 1% 

1 9% 

2.2% 
2.9% 

1.7% 
3.2% 
1.0% 
1.1% 

I -  

_ . _  

- _  

2 0% 
16% 
1.7% 
1.6% 
1.0% 
1"9% 
1.9% 

0.9% 
1 .O% 
2.6% 
1.0% 

-0 9% 

0.7% 
1"9% 

- -  

2.4% 
4 5% 
10% 
1 9% 

GDP = Gross domestic product 
Btu = British thermal unit. 
- - = N o t  applicable 
Sources: 2009 and 2010: IHS Global Insight, Global Insight Industry and Employment models, August 201 1 Projections: U S Energy information Administration, 

AE02012 National Energy Modeling System run REF2012.DO20112C 
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Exhibit-RW-6 

- 
Reference case 

Supply and disposition 

2009 2010 2015 2020 2025 2030 2035 

Annual 
growth 

(percent) 
2010-2035 

Crude oil prices (2010 dollars per barrel) 
Low sulfur light 
Imported crude oil' 

Low sulfur light 
Imported crude oil' 

Crude oil prices (nominal dollars per barrel) 

Petroleum liquids production' 
OPEC3 

Middle East 
North Africa 
West Africa 
South America 

Total OPEC petroleum production . . . . . 
Non-OPEC 

OECD 
United States (50 states) 
Canada 
Mexico and Chile 
OECD Europe4 
Japan 
Australia and New Zealand 

Total OECD petroleum production 
Non-OECD 

Russia 
Other Europe and Eurasia' 
China 
Other AsiaG 
Middle East 
Africa 
Brazil 
Other Central and South America 

Total non-OECD petroleum production 

Total petroleum liquids production . . . . . . . . . . . 
Other liquids production' 

United States (50 states) 
Other North America 
OECD Europe4 
Middle East 
Africa 
Central and South America 
Other 

Total other liquids production I I . . I I I . . 
Total production . . . . . . . . I I I I " .  . I " .  . . . . 

62 37 
59 72 

61 65 
59 04 

22 30 
3 92 
4 16 
2 43 

32.80 

8 27 
1 9 6  
3 00 
4 70 
0 13 
0 65 

18.71 

9 93 
3 12 
3 99 
3 67 
1 5 6  
2 44 
2 08 
190  

28.69 

80.21 

0 75 
1 6 9  
0 22 
0 01 
0 21 
1 1 4  
0 12 
4.14 

84.35 

79 39 
75 a7 

79 39 
75 87 

23 43 
3 89 
4 45 
2 29 

34.05 

8 79 
1 9 1  

4 36 
0 13 
0 62 

18.80 

10 14 
3 22 
4 27 
3 77 
1 5 8  
2 41 
2 19 
2 01 

29.59 

82.44 

2 98 

0 90 
1 93 
0 22 
0 01 
0 21 
1 2 0  
0 13 
4.61 

87.05 

116 91 
113 97 

125 97 
122 81 

25 46 
3 62 
5 09 
2 13 

36.30 

9 82 
1 7 9  
2 65 
3 70 
0 14 
0 55 

18 65 

10 04 
3 67 
4 29 
3 79 
1 4 3  
2 40 
2 72 
2 29 

30.63 

85.58 

1 0 5  
2 51 
0 23 
0 17 
0 28 
1 7 8  
0 16 
6.1 8 

91.76 

126 68 
115 74 

148 87 
136 02 

27 16 
3 42 
5 35 
1 97 

37.91 

10 73 

1 9 7  
3 33 
0 15 
0 54 

18.54 

10 54 
4 01 
4 46 
3 55 
1 3 1  
2 54 
3 34 
2 32 

32.07 

88.52 

1 a2 

1 34 
3 08 
0 24 
0 21 
0 37 
2 31 
0 28 
7.82 

96.33 

132 56 
121 21 

170 09 
155 52 

29 77 
3 37 
5 40 
1 92 

40.46 

10 53 
1 82 
1 5 8  
3 15 
0 15 
0 54 

17.78 

11 06 
4 37 
4 79 
3 38 
1 18 
2 68 
3 87 
2 47 

33.80 

92.04 

1 6 2  
3 75 
0 26 
0 24 
0 38 
2 61 
0 61 
9.47 

101.51 

138 49 
126 51 

197 10 
180 06 

32 07 
3 31 
5 31 
1 7 9  

42 48 

10 57 
1 8 1  
1 6 5  
3 00 
0 15 
0 53 

17.72 

11 62 
4 52 
4 93 
3 17 
1 0 6  
2 70 
4 21 
2 67 

34.88 

95.08 

2 08 
4 46 
0 27 
0 24 
0 39 
2 90 
0 92 

11.27 

106.34 

144 98 
132 95 

229 55 
210 51 

33 94 
3 27 
5 26 
1 7 2  

44.19 

10 15 
1 78 
1 68 
2 83 
0 16 
0 53 

17.14 

12 16 
4 54 
4 70 
3 00 
0 97 
2 68 
4 45 
2 65 

35.15 

96.47 

2 59 
5 16 
0 28 
0 24 
0 40 
3 17 
1 1 8  

13.02 

109.50 

2.4% 
2.3% 

4.3% 
4.2% 

1 5 %  
-0 7% 
0 7% 

-1 1% 
1"0% 

0 6% 
-0.3% 
-2.3% 
-1.7% 
0 7% 

-0 6% 
-0.4% 

0.7% 
1.4% 
0.4% 

-0.9% 
-1 9% 
0 4% 
2 9% 
1 1 %  
0.7% 

0.6% 

4 3% 
4.0% 
1"0% 

14.5% 
2.6% 
3 9% 
9 1% 
4.2% 

0.9% 
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Reference case 
Supply  a n d  disposition 

2009 2010 2015 2020 2025 2030 2035 

Annual 
growth 

201 0-2035 
(percent) 

Liquids consumption' 
OECD 

linited States (50 states) 
United States territories 
Canada 
Mexico and Chile 
OECD Europe4 
Japan 
South Korea 
Australia and New Zealand 

Total OECD consumpt ion 
Non-OECD 

Russia 
Other Europe and Eurasia' 
China 
India 
Other non-OECD Asia6 
Middle East 
Africa 
Brazil 
Other Central and South America 

Total  non-OECD consumption . . I 

Total liquids consumpt ion . . . . . . . . . . 

OPEC productiong 
Non-OPEC productiong 
Net Eurasia exports 
OPEC market share (percent) 

18 81 
0 27 
2 16 
2 35 

14 66 
4 39 
2 15 
1 1 6  

45.94 

2 73 
2 15 
8 33 
3 11 
6 43 

3 23 
2 52 
3 07 

38.41 

84.35 

33 34 
51 01 
10 25 
39 5 

6 a4 

19 17 
0 28 
2 21 
2 34 

14 58 
4 45 
2 24 
1 1 3  

46.40 

2 93 
2 08 
9 19 
3 18 
6 73 
7 35 
3 34 
2 65 
3 19 

40.65 

87.05 

34 58 
52 47 
10 53 
39 7 

19 10 
0 31 
2 15 
2 39 

14 14 
4 51 
2 25 
1 1 1  

45.95 

3 02 
2 30 

12 10 
3 70 
7 28 
7 78 
3 30 
2 84 
3 49 

45.82 

91 76 

37 30 
54 46 
11 11 
40 7 

19 02 
0 32 
2 21 
2 43 

14 43 
4 60 
2 35 
1 1 4  

46.50 

2 94 
2 35 

14 36 
4 58 
7 95 
7 69 
3 37 
2 94 
3 66 

49.83 

96.33 

39 23 
57 10 
12 60 
40 7 

19 20 
0 34 
2 25 
2 50 

14 65 
4 62 
2 46 
1 17 

47.19 

2 91 
2 45 

16 03 
5 40 
8 85 
8 16 
3 57 
3 15 

54.32 

101.51 

41 91 
59 60 
13 94 
41 3 

3 a i  

19 47 
0 36 
2 29 
2 60 

14 76 
4 51 
2 53 
1 2 1  

47.72 

2 94 
2 55 

17 65 
5 79 
9 40 
8 98 
3 80 
3 47 
4 05 

58.62 

106.35 

44 05 
62 30 
14 85 
41 4 

19 90 
0 36 
2 35 
2 68 

14 74 
4 42 
2 56 
1 2 3  

48.24 

2 97 
2 63 

l a  50 
5 a0 
9 a9 
9 49 
4 09 
3 80 
4 09 

61 2 6  

109.50 

45 89 
63 61 
15 54 
41 9 

0 1% 
1 0 %  
0 2% 
0 5% 
0 0% 
-0 0% 
0 5% 
0 3% 
0.2% 

0 1% 
0 9% 

2 4% 
1 5 %  
1 0 %  
0 8% 
1 5% 
1 0% 
1 7% 

0.9% 

1 1 %  

1 6 %  

2 8% 

o 8% 

- -  

'Weighted average price delivered to U S refiners 
'Includes production of crude oil (including lease condensate and shale oil/tightoil), natural gas plant liquids, other hydrogen and hydrocarbonsfor refinery feedstocks, 

and refinery gains 
'OPEC = Organization of Petroleum Exporting Countries- Algeria, Angola, Ecuador, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, 

and Venezuela. 
"OECD Europe = Organization for Economic Cooperation and Development ~ Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, 

Hungary, Iceland. Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, and the United 
Kingdom 

50ther Europe and Eurasia = Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Estonia, Georgia, Kazakhstan, Kyrgyzstan, Latvia, 
Lithuania, Macedonia, Malta, Moldova, Montenegro, Romania, Serbia, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan 

'Other Asia = Afghanistan, Bangladesh, Bhutan, Brunei, Cambodia (Kampuchea), Fiji, French Polynesia, Guam, Hong Kong. Indonesia, Kiribati, Laos, Malaysia, 
Macau, Maldives, Mongolia, Myanmar (Burma), Nauru, Nepal, New Caledonia, Niue. North Korea, Pakistan, Papua New Guinea, Philippines, Samoa, Singapore, 
Solomon Islands, Sri Lanka, Taiwan, Thailand, Tonga, Vanuatu, and Vietnam 

'Includes liquids produced from energy crops, natural gas, coal, extra-heavy oil, bitumen (oil sands), and kerogen (oil shale, not to be confused with shale oil/tight 
oil). Includes both OPEC and non-OPEC producers in the regional breakdown 

'Includes both OPEC and non-OPEC consumers in the regional breakdown. 
Plncludes both petroleum and other liquids production. 
- ~ = Not applicable 
Note: Totals may not equal sum of components due to independent rounding Data for 2009 and 2010 are model results and may differ slightly from official EIA 

data reports 
Sources: 2009 and 201 0 low sulfur light crude oil price: U S Energy Information Administration (EIA), Form EIA-856. "Monthly Foreign Crude Oil Acquisition Report " 

2009 and 2010 imported crude oil price: EIA, AnnualEnergy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 201 1 )  2009 quantities derived from: EIA, 
International Energy Statistics database as of November 2009. 2010 quantities and projections: EIA, AE02012 National Energy Modeling System run 
REF2012 DO201 12C and EIA, Generate World Oil Balance Model 

U 5 Energy Information Administration I Annual Energy Outlook 2012 171 



Exhibit-RW-6 

THIS PAGE INTENTIONALLY LEFT BLANK 



Exhibit-RW-6 

-. 

2010 Supply, disposition, and prices 

Appendix B 

Projections -- 
2035 

--* 
2015 2025 

Low High Low High Low High 
economic Reference economic economic Reference economic economic Reference economic 

growth growth growth growth growth growth 

case comparisons 

Production 
CriJde oil and lease condensate 
Natural gas plant liquids 
Dry natural gas 
Coal’ 
Nuclear I uranium’ 
Hydropower 
Biomass3 
Other renewable energy4 
Other’ 

Total . .  

Imports 
Crude oil 
Liquid fuels and other petroleumG 
Natural gas’ 
Other imports’ 

Total 

Exports 
Liquid fuels and other petroleum9 
Natural gas“ 
Coal 

Total . . 

Discrepancy” 

Consumption 
Liquid fuels and other petroleum’2 
Natural gas 
Coal” 
Nuclear / uranium2 
Hydropower 
Biomassi4 
Other renewable energy4 
Other” 

Total . . . . . . . I  

Prices (2010 dollars per unit) 
Petroleum (dollars per barrel) 

Low sulfur light crude oil“ 
Imported crude 0 1 1 ’ ~  

at Henry hub 
at the wellhead” 

Natural gas (dollars per thousand cubic feet) 
at the wellhead” 

Coal (dollars per ton) 
at the minemouth’’ 

Coal (dollars per million Btu) 
at the minemouth” 
Average e n d - ~ s e ‘ ~  

Natural gas (dollars per million Btu) 

Average electricity (cents per kilowatthour) 

1 1  59 
2 78 

22 10 
22 06 

8 44 
2 51 
4 05 
134 
0 64 

75.50 

20 14 
5 02 
3 81 
0 52 

29 49 

4 81 
1 15 
2 10 
8 06 

-1.23 

37 25 
24 71 
20 76 
8 44 
2 51 
2 88 
134 
0 29 

98.16 

79 39 
75 87 

4 39 
4 06 

4 16 

35 61 

176 
2 38 
9 8  

13 23 
3 33 

24 02 
19 71 
8 68 
2 89 
4 41 
2 08 
0 60 

78 96 

18 34 
4 19 
3 67 
0 34 

26.54 

4 90 
193 
2 73 
9 57 

-0 03 

36 09 
25 73 
17 17 
8 68 
2 89 
3 01 
2 08 
0 30 

95 96 

11606 
113 12 

4 06 
3 64 

3 73 

42 70 

2 11 
2 55 

13 23 
3 33 

24 22 
20 24 
8 68 
2 90 
4 45 
1 99 
0 60 

79 64 

18 87 
4 32 
3 73 
0 44 

27 37 

5 00 
193 
2 73 
9 66 

-0.08 

36 72 
26 00 
17 80 
8 68 
2 90 
3 04 
199  

97.43 
a 30 

116 91 
113 97 

4 29 
3 84 

3 94 

42 08 

2 08 
2 56 

13 25 
3 33 

24 28 
20 79 

8 68 
2 90 
4 49 
2 18 
0 60 

80 50 

19 43 
4 45 
3 76 
0 47 

28.11 

5 08 
192 
2 73 
9 74 

-0 09 

37 38 
26 09 
18 36 
8 68 
2 90 
3 06 
2 18 
0 30 

98.96 

11783 
114 90 

4 36 
3 91 

4 00 

41 92 

2 08 
2 57 

13 53 
3 91 

26 17 
20 27 

9 60 
2 95 
6 04 
2 21 
0 66 

85 36 

15 20 
3 72 
2 61 
0 97 

22.50 

4 32 
3 55 
2 78 

10 66 

-0 01 

34 78 
25 21 
18 23 
9 60 
2 95 
3 95 
2 21 
028  

97 20 

130 58 
118 61 

5 10 
4 54 

4 65 

44 24 

2 24 
2 68 

13 77 
3 93 

26 91 
22 25 

9 60 
2 99 
6 26 
2 22 
0 69 

88 61 

16 23 
4 08 
2 75 
107  

24 14 

4 46 
3 51 
2 82 

10.79 

-0 03 

36 58 
26 14 
20 02 

9 60 
2 99 
4 17 
2 22 
0 28 

101 99 

132 56 
121 21 

5 63 
5 00 

5 12 

44 05 

2 23 
2 70 

13 79 
3 93 

27 64 
23 65 

9 60 
3 02 
6 30 
2 42 
0 71 

91.06 

17 55 
4 40 
2 89 
0 95 

25.79 

4 57 
3 48 
2 82 

10.87 

-0 06 

38 19 
27 04 
21 30 

9 60 
3 02 
4 21 
2 42 
0 28 

106 05 

134 77 
124 15 

6 17 
5 46 

5 59 

44 48 

2 25 
2 73 

12 86 
3 93 

27 48 
21 91 

9 14 
3 00 
8 37 
2 44 
0 83 

89.95 

15 30 
3 63 
2 74 
0 73 

22.40 

4 68 
4 29 
3 09 

12 06 

0 25 

35 17 
25 93 
19 16 
9 14 
3 00 
4 96 
2 44 
0 24 

100.04 

142 51 
130 33 

6 60 
5 83 

5 97 

50 92 

2 57 
2 90 

12 89 
3 94 

28 60 
24 14 

9 28 
3 04 
9 07 
2 81 
0 91 

94 67 

16 90 
4 14 
2 84 
0 81 

24.69 

4 95 
4 17 
3 13 

12.25 

0.18 

37 70 
27 26 
21 15 

9 28 
3 04 
5 44 
2 81 
0 24 

106.93 

144 98 
132 95 

7 37 
6 48 

6 64 

50 52 

2 56 
2 94 

13 12 
3 95 

30 05 
25 33 
10 13 
3 10 
9 58 
3 64 
0 93 

99.83 

18 50 
4 75 
2 86 
0 96 

27.07 

5 11 
4 07 
3 18 

12 37 

0.15 

40 23 
28 83 
22 43 
10 13 
3 10 
5 78 
3 64 
025  

11 4.38 

147 82 
136 68 

7 58 
6 66 

6 82 

51 36 

2 60 
3 03 

9 9  9 7  9 6  9 7  9 7  9 9  9 8  101  105 
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2010 Supply, disposition, and prices 

Table B1. Total energy supply, disposition, and price summary (continued) 
(quadrillion Btu per year, unless othei wise noted) 

-- Projections 

2015 2025 2035 

Low High Low High Low High 
economic Reference economic economic Reference economic economic Reference economic 
growth growth growth growth growth growth 

Prices (nominal dollars per unit) 
Petroleum (dollars per barrel) 

Low sulfur light crude oillG 
Imported crude oillG 

at Henry hub 
at the  ellh head'^ 

Natural gas (dollars per thousand cubic feet) 
at the wellhead" 

Coal (dollars per ton) 
at the minemouth" 

Coal (dollars per million Btu) 
at the minemouth" 
Average end-use19 

Natural gas (dollars per million Btu) 

Average electricity (cents per kilowatthour) 

79 39 
75 87 

4 39 
4 06 

4 16 

35 61 

176 
2 38 

9 8  

127 20 
123 98 

4 45 
3 99 

4 09 

46 80 

2 31 
2 79 
10 9 

125 97 
122 81 

4 62 
4 14 

4 24 

45 34 

2 24 
2 76 
10 4 

125 10 19732 
12198 17923 

4 63 7 7 0  
4 15 6 8 6  

4 2 5  7 0 2  

4450 6685 

2 2 1  3 3 9  
2 7 3  4 0 5  
102  147 

170 09 
155 52 

7 23 
6 42 

6 57 

56 52 

2 86 
3 47 
12 5 

163 70 
150 79 

7 50 
6 63 

6 79 

54 03 

2 73 
3 32 
12 0 

313 58 
286 76 

14 52 
12 82 

13 13 

112 04 

5 64 
6 37 
21 6 

22955 21297 
21051 19692 

1 1  67 1092 
1026 9 5 9  

1051 9 8 2  

8000 7400 

4 05 374  
4 6 6  4 36 
160  1 5 1  

'Includes waste coal 
'These values represent the energy obtained from uranium when it is used in light water reactors The total energy content of uranium is much larger, but alternative 

31ncludes grid-connected electricity from wood and wood waste: biomass. such as corn. used for liquid fuels production; and non-electric energy demand from wood Refer 

'Includes grid-connected electricity from landfill gas; biogenic municipal waste: wind; photovoltaic and solar thermal sources; and non-electric energy from renewable 

processes are required to take advantage of it 

lo Table A17 for details 

sources. such as active and passive solar systems Excludes electricity imports using renewable sources and nonmarketed renewable energy See Table A17 for selected 
nonmarketed residential and commercial renewable energy data 

'Includes non-biogenic municipal waste, liquid hydrogen, methanol. and some domestic inputs to refineries 
'Includes imports of finished petroleum products. unfinished oils. alcohols, ethers, blending components, and renewable fuels such as ethanol 
'Includes imports of liquefied natural gas that is later re-exported 
'Includes coal, coal coke (net). and electricity (net) Excludes imports of fuel used in nuclear power plants 
'Includes crude oil. petroleum products. ethanol. and biodiesel 
"Includes re-exported liquefied natural gas and natural gas used for liquefaction at export terminals 
"Balancing item Includes unaccounted for supply, losses, gains, and net storage withdrawals 
"Includes petroleum-derived fuels and non-petroleum derived fuels. such as ethanol and biodiesel, and coal-based synthetic liquids Petroleum coke, which is a solid. is 

"Excludes coal converted to coal-based synthetic liquids and natural gas 
'"Includes grid-connected electricity from wood and wood waste. non-electric energy from wood, and biofuels heat and coproducts used in the production of liquid fuels, but 

'51n~Iude~ non-biogenic municipal waste. liquid hydrogen. and net electricity imports 
"Weighted average price delivered to U S refiners 
"Represents lower 48 onshore and offshore supplies 
"Includes reported prices for both open market and captive mines 
"Prices weighted by consurnption; weighted average excludes residential and commercial prices, and export free-alongside-ship ( fa  s ) prices 
Btu = British thermal unit 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from offlcial EIA data reports 
Sources: 2010 natural gas supply values and natural gas wellhead price: U S Energy Information Administration (EIA). Nafural Gas Monfhly. DOE/EIA-0130(201 1/07) 

included Also included are natural gas plant liquids and crude oil consumed as a fuel Refer to Table A17 for detailed renewable liquid fuels consurnption 

excludes the energy content of the liquid fuels 

(Washington. DC. .July 2011) 2010 coal minemouth and delivered coal prices: EIA. Annual CoalReporl2010. DOE/EIA-0584(2010) (Washington, DC, November 201 I )  2010 
petroleum supply values: EIA. Pefroleum Supply Annual 2010, DOE/ElA-0340(2010)/1 (Washington. DC, July 201 1) 2010 low sulfur light crude oil price: EIA. Form EIA-856. 
"Monthly Foreign Crude Oil Acquisition Report " Other 2010 coal values: Quarterly Coa/ Report, Ocfober-DecemDer 2010. DOE/ElA-Ol2l(2OlO/4Q) (Washington, DC. May 
201 I )  Other 2010 values: EIA, Annual Energy Review 20 10. DOE/EIA-0384(2010) (Washington, DC, October 201 1) Projections: EIA, AE02012 National Energy Modeling 
System runs LM2012 D022412A. REF2012 D020112C. and HM2012 D022412A 
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Sector and source ~ 

-- 

Table B2. Energy consumption by sector and source 
(quadrillion Btu per year, unless otherwise noted) 

- -- Projections 

2015 2025 2035 

economic Reference economic economic Reference economic economic Reference economic 
High Low High Low High 

growth growth growth growlh growlh 

Low 

gropth 

Energy consumption 

Residential 
Liquefied petroleum gases 
Kerosene 
Distillate fuel oil 

Natural gas 
Coal 
Renewable energy’ 
Electricity 

Delivered energy 
Electricity related losses 
Total 

Liquid fuels and other petroleum Subtotal 

Commercial 
Liquefied petroleum gases 
Motor gasoline’ 
Kerosene 
Distillate fuel oil 
Residual fuel oil 

Natural gas 
Coal 
Renewable energy’ 
Electricity 

Delivered energy 
Electricity related losses 
Total 

Industrial‘ 

Liquid fuels and other petroleum subtotal 

Liquefied petroleum gases 
Motor gasoline2 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleum’ 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuel‘ 

Natural gas subtotal 
Metallurgical coal 
Other industrial coal 
Coal-to-liquids heat and power 
Net coal coke imports 

Biofuels heat and coproducts 
Renewable energy’ 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Coal subtotal 

Delivered energy . 

Total . .  . . .  

0 56 
0 03 
0 63 
122 
5 06 
0 01 
0 42 
4 95 

11 66 
10 39 
22 05 

0 14 
0 05 
0 00 
0 43 
0 08 
0 72 
3 28 
0 06 
0 11 
4 54 
8 70 
9 52 

18 22 

2 00 
0 25 
116 
0 12 
0 94 
3 59 
8 05 
6 76 
0 00 
137 
8 14 
0 55 
101  
0 00 

156 
0 84 
150 
3 28 

23 37 
6 89 

30.26 

-001 

0 51 
0 02 
0 55 
108  
4 96 
0 01 
0 42 
4 68 

11 15 
9 43 

20 59 

0 14 
0 05 
0 00 
0 35 
0 08 
0 62 
3 43 
0 06 
0 1 1  
4 57 
8 79 
9 21 

18.00 

180 
0 27 
1 16 
0 09 
100 
3 29 
7 61 
7 04 
0 00 
142 
8 46 
0 55 
1 0 1  
0 00 

-0 01 
155 
0 80 
159 
3 34 

23.35 
6 73 

30.08 

0 51 
0 02 
0 55 
108 
4 97 
0 01 
0 43 
4 75 

11.24 
9 58 

20.81 

0 14 
0 05 
0 00 
0 35 
0 08 
0 62 
3 4 1  
0 06 
0 1 1  
4 59 
8.80 
9 27 

18.06 

183 
0 28 
125  
0 09 
101  
3 44 
7 89 
7 19 
0 00 
143 
8 62 
0 57 
103 
0 00 

-0 01 
159 
0 81 
1 6 1  
3 44 

23.96 
6 94 
30.90 

0 51 
0 02 
0 55 
108 
5 00 
0 01 
0 43 
4 82 

11 34 
9 75 

21 09 

0 14 
0 05 
0 00 
0 35 
0 08 
0 62 
3 42 
0 06 
0 1 1  
4 61 
8 81 
9 32 

18 13 

1 83 
0 29 
1 33 

101 
3 60 
8 15 
7 34 
0 00 
143  
8 77 
0 59 
105 
0 00 

-0 00 
163  
0 82 
163  
3 53 

24.53 
7 15 

31.68 

o a9 

0 49 
0 02 
0 43 
0 94 
4 77 
0 01 
0 42 
4 97 

11.11 
10 03 
21.13 

0 15 
0 05 
0 00 
0 33 
0 08 
0 62 
3 56 
0 06 
0 1 1  
5 11 
9.46 

10 30 
19.76 

2 06 
0 27 
104 
0 08 
122 
2 81 
7 48 
6 81 
0 00 
154 
8 35 
0 41 
102 
0 11 

-0 03 
152 
126 
167  
3 22 

23.49 
6 50 

29.99 

0 50 
0 02 
0 43 
0 95 
4 88 
0 01 
0 43 
5 23 

11.51 
10 52 
22.02 

0 15 
0 05 
0 00 
0 33 
0 08 
0 62 
3 53 
0 06 
0 1 1  
5 16 
9.48 

10 38 
19.86 

2 17 
0 30 
1 19 
0 08 
1 2 9  
3 1 1  
8 13 
7 32 
0 00 
157  
8 89 
0 49 
108 
0 36 

-0 03 
190  
127  
182  
3 52 

25.53 
7 09 

32.61 

0 52 
0 02 
0 43 
0 97 
5 04 
0 01 
0 45 
5 58 

12.05 
1 1  17 
23.22 

0 15 
0 05 
0 00 
0 33 
0 08 
0 62 
3 51 
0 06 
0 1 1  
5 22 
9.53 

10 44 
19.97 

2 18 
0 33 
133 
0 09 
129  
3 45 
8 68 
7 62 
0 00 
160  
9 22 
0 54 
112 
0 37 

-0 03 
2 00 
127 
191  
3 75 

26.83 
7 50 

34.33 

U S Energy Information Administration I Annual Energy Outlook 2012 

a 48 

a 35 
0 02 

0 85 
4 50 
0 01 
0 41 
5 35 

11.12 

21.59 
l a  47 

0 15 
0 06 
0 01 
0 32 
0 08 
0 62 
3 70 
0 06 
0 1 1  
5 70 

10.19 
11 15 
21.34 

2 01 
0 26 
101 
0 08 
121 
2 80 
7 36 
6 49 
0 00 
1 57 
8 06 
0 34 
101  
0 31 

-0 05 
160 
2 39 
1 74 
3 01 

24.17 
5 89 

30.06 

0 51 
0 02 
0 35 
0 87 
4 76 
0 01 
0 43 
5 86 

11.93 
11 35 
23.28 

0 16 
0 06 
0 01 
0 32 
0 08 
0 62 
3 69 
0 06 
0 1 1  
5 80 

10.28 
11 23 
21.50 

2 15 
0 30 
1 18 
0 08 
130 
3 19 
8 21 
7 18 
0 00 
163 
8 81 
0 43 
1 0 8  
0 60 

-0 06 
2 06 
2 57 
195 
3 33 

26.94 
6 46 

33.39 

0 54 
0 02 
0 35 
0 91 
5 08 
0 01 
0 47 
6 57 

13.04 
12 72 
25.76 

0 16 
0 06 
0 01 
0 32 
0 08 
0 63 
3 71 
0 06 
0 1 1  
5 89 

10.39 
11 40 
21.79 

2 20 
0 33 
135 
0 09 
133 
3 60 
8 89 
7 84 
0 00 
171  
9 55 
0 53 
1 1 4  
0 61 

-0 07 
2 21 
2 69 
2 10 
3 67 

29.1 1 
7 10 

36.21 
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2010 Sector and source 

Table B2. Energy Consumption by sector and source (continued) 
(quadrillion Btu per year, unless otherwise noted) 

- - ~  Projections 

2015 2025 2035 

Low High Low High Low High 
economic Reference economic economic Reference economic economic Reference economic 

growth growth growth growth growth growth 

Transportation 
Liquefied petroleum gases 
E85' 
Motor gasoline' 
Jet fuel' 
Distillate fuel oil1' 
Residual fuel oil 
Other petroleum" 

Pipeline fuel natural gas 
Compressed I liquefied natural gas 
Liquid hydrogen 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Delivered energy 

Total . 

Delivered energy consumption for al l  
sectors 

Liquefied petroleum gases 
E85' 
Motor gasoline' 
Jet fuel' 
Kerosene 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleum'2 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuel' 
Pipeline natural gas 

Natural gas subtotal 
Metallurgical coal 
Other coal 
Coal-to-liquids heat and power 
Net coal coke imports 

BiOfLJelS heat and coproducts 
Renewable energy" 
LiqtJid hydrogen 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Coal subtotal 

Delivered energy 

Total 

Electric power'' 
Distillate fuel oil 
Residual fuel oil 

Natural gas 
Steam coal 
Nuclear / i~ranii~m" 
Renewable energy'' 
Electricity imports 

Liquid fuels and other petroleum subtotal 

Total" . . . . . . . . 

0 04 
0 00 

16 91 
3 07 
5 77 
0 90 
0 17 

26 88 
0 65 
0 04 
0 00 

27.59 

27.63 

a 02 

a 05 

2 75 

17 21 
3 07 
0 04 
7 99 
1 1 1  
0 94 
3 76 

36 87 
15 15 
0 00 
137 
0 65 

17 17 
0 55 
108 
0 00 

-0 01 
162 
0 84 
2 03 
0 00 

12 79 
71.32 
26 84 
98 16 

0 ao 

0 08 
0 30 
0 38 
7 54 

19 13 
8 44 
3 85 
0 09 

39 63 

0 04 
0 01 

3 01 
6 35 
0 91 
0 17 

26 48 
0 68 
0 06 
0 00 

27 24 

27.30 

16 oa 

a 03 

a 05 

2 49 
0 01 

16 32 
3 01 
0 03 
841 
107 
100 
3 45 

35 80 
15 49 
0 00 
142 
0 68 

17 58 
0 55 
107 
0 00 

-0 01 
162 
0 80 
2 12 

12 61 
70.54 
25 42 
95 96 

a 00 

0 08 
0 21 
0 29 
8 15 

15 56 
8 68 
5 05 
0 10 

38.03 

0 04 
0 01 

16 13 
3 03 
6 55 
0 91 
0 17 

26 83 
0 68 
0 06 
0 00 
0 03 

27 60 

27 65 
a 05 

2 51 
0 01 

16 46 
3 03 
0 03 
8 69 
1 08 
101 
3 61 

36 43 
15 64 
0 00 
143 
0 68 

17 75 
0 57 
109 
0 00 

-0 01 
1 65 
Q 81 
2 15 
Q 00 

12 81 
71 59 
25 84 
97 43 

0 08 
0 21 
0 29 
8 25 

16 15 
8 68 
4 96 
0 10 

38.64 

0 04 
0 01 

16 29 
3 04 
6 77 
0 91 
0 17 

27 22 
0 69 
0 06 
0 00 

28.00 

28 05 

0 03 

a 05 

2 52 
0 01 

16 63 
3 04 
0 03 
9 00 
108 
101 
3 76 

37 07 
15 83 
0 00 
143 
0 69 

17 94 
0 59 
1 1 1  
0 00 
-Q 00 
170 
0 82 
2 17 
0 00 

12 98 
72.69 
26 27 
98.96 

0 09 
0 22 
0 30 
8 15 

16 67 
8 68 
5 15 

39.25 
0 10 

0 04 
0 40 

14 26 
3 15 
6 50 
0 92 
0 17 

25 43 
0 65 
0 11 
0 00 
0 04 

26.24 
0 08 

26.32 

2 75 
0 40 

14 58 
3 15 
0 03 
8 30 
108 
122 
2 97 

34 48 
15 25 
0 00 
1 54 

17 44 
041 
108 
0 1 1  

158 
126 
2 20 
0 00 

13 34 
70 30 
26 91 
97 20 

a 65 

-0 03 

0 09 
0 21 
0 30 
7 77 

16 65 
9 60 
5 66 
0 08 

0 04 
Q 30 

14 90 
3 19 
7 03 
0 93 
0 17 

26 57 
0 67 
0 1 1  
0 00 
0 04 

27.40 

27.49 
a 08 

2 86 
0 30 

15 25 
3 19 
0 03 
8 99 
1 09 
129 
3 27 

36 28 
15 85 
0 00 
157 
0 67 

18 09 
0 49 
1 14 
0 36 

196 
127 
2 36 

13 96 
73.92 
28 07 

101.99 

-0 03 

0 oa 

0 09 
0 22 
0 31 
8 04 

18 06 
9 60 
5 75 
0 08 

0 05 
0 21 

15 49 
3 24 
7 51 
0 93 
0 17 

27 60 
0 69 
0 12 
0 00 
0 04 

28.45 
0 09 

28.54 

2 89 
0 21 

15 87 
3 24 
0 03 
9 61 
110 
129 
3 62 

37 87 
16 29 
0 00 
160 

18 58 

1 1 8  
0 37 

-0 03 
2 06 
127 
2 47 

14 60 
76.86 
29 20 

106.05 

a 69 

a 54 

a 00 

0 09 
0 23 
0 32 
8 46 

19 24 
9 60 
5 91 
0 08 

0 04 
1 14 

1343 
3 25 
7 06 
0 93 
0 17 

26 03 
0 66 
0 16 
0 00 

26.92 

27.05 

a 07 

a 13 

2 69 
1 14 

13 75 
3 25 
0 03 
8 74 
109 
121 
2 97 

34 86 
14 85 
0 00 
157 
0 66 

17 08 
0 34 
107 
0 31 

-0 05 
167 
2 39 
2 25 
0 00 

14 13 
72.39 
27 65 

100 04 

0 09 
a 22 
0 31 
8 84 

17 50 
9 14 
5 75 
0 04 

0 05 
122 

14 53 
3 33 
7 44 
0 94 
0 17 

27 67 
0 69 
0 16 
0 00 

28.60 

28.75 

0 07 

a 14 

2 86 
122 

14 88 
3 33 
0 03 
9 29 
1 1 1  
130 
3 36 

37 38 
15 79 
0 00 
163 
0 69 

18 1 1  
Q 43 
115 
0 60 

-0 06 
2 12 
2 57 
2 50 
0 00 

15 06 
77.75 
29 18 
IO6 93 

0 09 
0 23 
0 32 
9 16 

19 03 
9 28 
6 22 
0 04 

0 06 
122 

15 38 
3 42 
8 27 
0 95 
0 18 

29 47 
0 74 

0 00 

30 46 

30 62 

a 17 

a a8 

a 15 

2 95 
122 

15 77 
3 42 
0 03 

10 29 
1 12 
133 
3 77 

39 90 
16 80 
0 00 
171 
0 74 

19 26 
0 53 
121 
0 61 

-0 07 
2 28 
2 69 
2 68 
0 00 

16 20 
83 01 
31 37 

114 38 

0 09 
0 24 
0 34 
9 58 

20 15 
10 13 
7 14 
0 04 

40.25 42.03 43.80 41.78 44.24 47.57 

176 U 5 Energy Information Administration 1 Annual Energy Outlook 2012 



Exhibit-RW-6 

2010 Sector and source 

I 

- 
Projections 

2015 2025 2035 

Low High Low High Low High 
economic Reference economic economic Reference economic economic Reference economic 

growth growth growth growth growth growth 

2010 Sector and source 

I 

Total energy consumption 
Liquefied petroleum gases 
E85O 
Motor gasoline' 
Jet fuel' 
Kerosene 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleum" 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuelG 
Pipeline natural gas 
Natural gas subtotal 

Metallurgical coal 
Other coal 
Coal-to-liquids heat and power 
Net coal coke imports 

Nuclear / u r a n i ~ m ' ~  
Biofuels heat and coproducts 
Renewable energy" 
Liquid hydrogen 
Electricity imports 

Liquid fuels and other petroleum stibtotal 

Coal subtotal 

Total . . . . . . . . 
Energy use and related statistics 

Delivered energy use 
Total energy use 
Ethanol consumed in motor gasoline and E85 
Population (millions) 
Gross domestic product (billion 2005 dollars) 
Carbon dioxide emissions (million metric tons) 

- 
Projections 

2015 2025 2035 

Low High Low High Low High 
economic Reference economic economic Reference economic economic Reference economic 

growth growth growth growth growth growth 

2 75 

17 21 
3 07 
0 04 
8 07 
141 
0 94 
3 76 

37 25 
22 69 

0 00 
137 
0 65 

24 71 
0 55 

20 21 
0 00 

-0 01 
20 76 

8 44 
0 84 
5 88 

0 09 
98 16 

a ao 

a 00 

71 32 
98 16 

1 1 1  
310 83 
13088 

5633 6 

2 49 
0 01 

16 32 
3 01 
0 03 
8 50 
128 
100 
3 45 

36 09 
23 64 

0 00 
142 
0 68 

25 73 
0 55 

16 63 

-0 01 
17 17 
8 68 
0 80 
7 18 

0 oa 

a ao 
a i o  

95 96 

70 54 
95 96 

1 2 1  
325 23 
14401 

5298 2 

2 51 
0 01 

16 46 
3 03 

8 78 
129  
101  
3 61 

36 72 
23 89 

0 00 
143 
0 68 

26 00 

17 24 
0 00 

-0 01 
17 80 
8 68 
0 81 
7 1 1  
0 00 
0 10 

97.43 

0 03 

a 57 

71 59 
97 43 

122  
326 16 

5407 2 
14803 

2 52 
0 01 

16 63 
3 04 
0 03 
9 08 
130  
1 0 1  
3 76 

37 38 
23 97 

0 00 
143 
0 69 

26 09 
0 59 

17 78 
a 00 

-0 ao 
18 36 
8 68 
0 82 
7 33 
0 00 
0 10 

98 96 

2 7 5  286  
0 4 0  030  

1458 1525 
3 1 5  319  
0 0 3  0 03 
8 3 9  907 
1 2 9  131 
122 129 
2 97 3 27 

3478 3658 
2302 2389 

154 157 
0 6 5  067  

25 21 26 14 
0 4 1  049  

1773 1920 
0 11 036  

1823 2002 
9 6 0  960  
126 127 
7 8 5  811  
0 0 0  0 0 0  
0 0 8  0 0 8  

97.20 101.99 

0 0 0  000  

-0 03 -0 03 

2 89 
0 2 1  

15 87 
3 24 
0 03 
9 70 
133 
129 
3 62 

38 19 
24 74 

0 00 
160 
0 69 

27 04 
0 54 

20 42 
0 37 

-0 03 
21 30 

9 60 
127 
8 38 
0 00 
0 08 

106.05 

2 6 9  2 8 6  2 9 5  
114 122 122 

1375 1488 1577 
3 2 5  3 3 3  342  

883  9 3 8  1038 
131  134  136 
121  130  133 
2 9 7  3 3 6  377  

35 17 3770 4023 
2370 2494 2638 
0 0 0  0 0 0  0 0 0  
157 163  171  
0 6 6  0 6 9  074  

2593 2726 2883 
034  043  0 5 3  

1857 20 18 21 36 
0 3 1  060  0 6 1  

19 16 21 15 2243 
9 14 9 2 8  1013 
2 3 9  2 5 7  2 6 9  
800  8 7 1  982  

003  003  003 

-0 05 -0 06 -0 07 

000  0 0 0  000  
a 0 4  0 04 004 

10004 106.93 114.38 

7269 7030 7392 7686 7239 7775 8301 
9896 9720 101 99 10605 10004 10693 11438 

123 155  155  154  199  215  2 2 3  
327 19 35423 35806 36248 38276 39009 39874 
15235 17676 19185 20538 21630 24539 27084 

55039 52268 55525 58237 53558 57579 61175 

'Includes wood used for residential heating See Table A4 andlor Table A17 lor estimates of nonmarketed renewable energy constimption for geothermal heat pumps, solar 

'Includes ethanol (blends of 15 percent or less) and ethers blended into gasoline 
'Excludes ethanol Includes commercial sector consumption of wood and wood waste. landfill gas. municipal waste. and other biomass for combined heat and power See 

Table A5 andlor Table A17 for estimates of nonmarkeled renewable energy consumption for solar thermal water heating and electricity generation from wind and solar 
photovoltaic sources 

thermal water heating, and electricity generation from wind and solar photovoltaic sources 

'Includes energy for combined heat and power plants. except those whose primary business is lo sell electricity. or electricity and heat, to the public 
%eludes petroleum coke, asphalt. road oil, lubricants. still gas, and miscellaneous petroleum products 
'Represents natural gas used in well, field, and lease operations, and in natural gas processing plant machinery 
'Includes Consumption of energy produced from hydroelectric, wood and wood waste. municipal waste, and other biomass sources Excludes ethanol blends (15 percent or 

'E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold starting issues, the percentage of ethanol varies 

'Includes only kerosene type 
"Diesel fuel for on- and off- road use 
"Includes aviation gasoline and lubricants 
"includes unfinished oils. natural gasoline, motor gasoline blending components. aviation gasoline. lubricants. still gas. asphalt. road oil, petroleum coke, and miscellaneous 

"Includes electricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources Excludes ethanol and 

'%eludes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, lo  the public 

''These values represent the energy obtained from uranium when it is used in light water reactors The total energy content of uranium is much larger, but alternative 

"Includes conventional hydroelectric. geothermal, wood and wood waste. biogenic municipal waste. other biomass, wind, photovoltaic, and solar thermal sources Excludes 

"Includes non-biogenic municipal waste not included above 
''Includes conventional hydroelectric. geothermal, wood and wood waste, biogenic municipal waste, other biomass, wind, photovoltaic. and solar thermal sources Excludes 

Blu = British thermal unit 
Note: Totals may not equal sum of components due to independent rounding Dala for 2010 are model resuits and may differ slighlly from official EIA data reports 
Sources: 2010 consumption based on: U S Energy Information Administration (EIA). Annual Energy Review 2010. DOE/EIA-O384(2010) (Washinglon. DC. October 201 1) 

less) in motor gasoline 

seasonally The annual average ethanol content of 74 percent is used for this forecast 

petroleum producls 

nonmarketed renewable energy consumption for geothermal heat pumps, buildings photovoltaic systems, and solar thermal water heaters 

Includes small power producers and exempt wholesale generators 

processes are required to take advantage of i t  

net electricity imports 

ethanol. net electricity imports. and nonmarketed renewable energy consumplion for geothermal heat pumps, buildings photovoltaic systems, and solar thermal waler heaters 

2010 population and gross domestic product: IHS Global Insight Industry and Employment models, August 201 1 2010 carbon dioxide emissions: EIA, MonIMy Energy 
Review, Ocfober 2011 DOEIEIA-0035(2011/10) (Washington. DC. October 201 1) Projections: EIA. AE02012 National Energy Modeling System runs LM2012 D022412A. 
REF2012 DO20112C. and HM2012 D022412A 
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2010 Sector and source 

Table B3. Energy prices by sector and source 
(201 0 dollars per million Btu, unless otherwise noted) 

.~ Projections 

2015 2025 2035 

Low High Low High Low High 
economic Reference economic economic Reference economic economic Reference economic 

growth -- growth growth growth growth growth 

Residential 
Liquefied petroleum gases 
Distillate fuel oil 
Natural gas 
Electricity 

Commercial 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Electricity 

Industrial’ 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas2 
Metallurgical coal 
Other industrial coal 
Coal to liquids 
Electricity 

Transportation 
Liquefied petroleum gases3 
E85“ 
Motor gasoline’ 
Jet fuelG 
Diesel fuel (distillate fuel oil)’ 
Residual fuel oil 
Natural gas’ 
Electricity 

Electric power’ 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Steam coal 

Average price to all users” 
Liquefied petroleum gases 
E85“ 
Motor gasoline5 
Jet fuel 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Metallurgical coal 
Other coal 
Coal to liquids 
Electricity 

27 02 
21 21 
1 1  08 
33 69 

23 52 
20 77 
11 07 
9 10 

29 73 

21 80 
21 32 
10 92 
5 51 
5 84 
2 71 

19 63 
_ _  

26 88 
25 21 
22 70 
16 22 
21 87 
10 42 
13 20 
32 99 

18 73 
11 89 
5 14 
2 26 

17 28 
25 21 
22 59 
16 22 
21 65 
10 82 
7 16 
5 84 
2 29 

28 68 
- -  

Non-renewable energy expenditures by 
sector (billion 2010 dollars) 

Residential 251 69 
Commercial 179 08 
Industrial 198 98 
TransDortation 573 78 

30 48 
27 00 
10 10 
35 59 

27 21 
23 72 
16 02 
8 40 

29 65 

27 12 
23 95 
18 95 
4 68 
7 30 
3 27 
127 

19 06 

31 71 
28 85 
29 09 
23 48 
27 28 
17 96 
12 17 
30 67 

22 50 
22 67 

4 36 
2 33 

22 78 
28 85 
29 09 
23 48 
26 61 
18 67 
6 27 
7 30 
2 40 
127  

29 05 

247 63 
179 38 
214 83 

30 70 
27 26 
10 31 
34 59 

27 42 
23 98 
16 18 
8 60 

29 03 

27 43 
24 20 
1921 
4 88 
7 22 
3 27 
126  

18 91 

31 93 
29 03 
29 26 
23 74 
27 56 
18 32 
12 40 
30 50 

22 77 
23 00 
4 55 
2 35 

22 99 
29 03 
29 26 
23 74 
26 87 
19 01 
6 45 
7 22 
2 4 1  
126  

28 38 

246 72 
177 92 
223 88 
746 84 

30 86 
27 52 
10 39 
34 31 

27 57 
24 23 
16 35 
8 67 

28 97 

27 66 
24 45 
19 45 
4 94 
7 20 
3 27 
126  

18 94 

32 09 
29 26 
29 49 
24 02 
27 83 
18 61 
12 51 
30 54 

23 04 
23 03 
4 61 
2 37 

23 18 
29 26 
29 49 
24 02 
27 14 
19 27 
6 52 
7 20 
2 43 
1 2 6  

28 23 

248 83 
178 42 
231 79 

31 69 
29 17 
1 1  46 
34 30 

28 39 
25 89 
17 82 
9 51 

28 81 

28 44 
26 23 
20 54 

5 58 
8 24 
3 38 
2 27 

19 21 

32 80 
27 92 
30 92 
25 61 
29 18 
19 74 
12 51 
31 37 

24 44 
24 55 

5 15 
2 50 

23 62 
27 92 
30 91 
25 61 
28 65 
20 46 

7 29 
8 24 
2 56 
2 27 

28 55 

253 92 
197 28 
232 07 

32 27 
30 15 
12 03 
34 08 

28 97 
26 86 
18 24 
10 02 
29 00 

29 24 
27 22 
21 23 

6 04 
8 11 
3 38 
2 08 

19 60 

33 38 
28 81 
32 10 
26 45 
30 42 
20 62 
13 29 
31 53 

25 35 
25 40 

5 60 
2 54 

24 19 
28 81 
32 10 
26 45 
29 81 
21 31 

7 74 
8 11 
2 59 
2 08 

28 54 

266 75 
201 89 
261 92 

32 91 
30 64 
12 61 
34 20 

29 59 
27 30 
18 62 
10 52 
29 51 

30 12 
27 61 
21 59 
6 51 
8 08 
3 39 
2 14 

20 15 

34 04 
31 30 
32 42 
26 99 
30 85 
20 82 
13 86 
32 45 

25 88 
25 41 
6 10 
2 56 

24 91 
31 30 
32 42 
26 99 
30 23 
21 53 
8 22 
8 08 
2 62 
2 14 

28 90 

285 47 
208 21 
285 16 

33 94 
32 01 
13 16 
34 14 

30 62 
28 58 
18 61 
10 92 
28 42 

31 26 
28 93 
21 12 

6 89 
9 24 
3 61 
2 34 

19 63 

35 02 
31 02 
32 33 
2841 
31 53 
20 50 
13 42 
32 36 

27 17 
25 25 
6 55 
2 75 

25 96 
31 R2 
32 33 
2841 
31 09 
21 22 

8 63 
9 24 
2 80 
2 34 

28 73 

270 07 
220 10 
242 72 

34 64 
32 73 
13 98 
34 58 

31 30 
29 18 
18 90 
1 1  64 
29 48 

32 18 
29 53 
21 65 

7 54 
9 11 
3 64 
2 38 

20 78 

35 74 
31 96 
33 61 
29 13 
32 40 
20 95 
14 51 
33 82 

27 80 
25 72 

7 21 
2 80 

26 63 
31 96 
33 61 
29 13 
31 91 
21 68 

9 30 
9 11 
2 85 
2 38 

29 56 

298 72 
231 98 
282 31 

35 27 
33 99 
14 38 
35 27 

31 89 
30 43 
19 61 
11 91 
30 79 

32 98 
30 79 
22 44 

7 74 
9 11 
3 69 
2 42 

22 00 

36 31 
33 04 
34 78 
30 25 
33 80 
21 94 
14 87 
35 11 

29 02 
26 49 

7 40 
2 87 

27 37 
33 04 
34 78 
30 25 
33 27 
22 64 

9 53 
9 11 
2 92 
2 42 

30 64 

336 43 
244 34 
317 58 

731 18 76456 73646 80352 84896 77783 85665 950 17 
Total non-renewable expenditures 120354 137302 139536 142360 141973 153408 162780 151072 166966 184851 

Total expenditures . . . . . . . . . . . . . 1203.62 1373 26 1395.61 1423.86 1430 95 1542 81 1634.24 1546 05 1708 52 1888.85 
Transportation renewable expenditures 0 0 8  0 2 4  0 2 5  0 2 6  1122 8 7 4  644  3533 3886 4034 
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*010 Sector and source 

Table B.3. Energy prices by sector and source (continued) 
(nominal dollars per millioii Btu, unless otherwise noted) 

Projections 

2015 2025 2035 
Low High Low High Low High 

economic Reference economic economic Reference economic economic Reference economic 
growth growth growth I growth -growlh growth 

Residential 
Liquefied petroleum gases 
Distillate fuel oil 
Natural gas 
Electricity 

Commercial 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Electricity 

Industrial’ 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas’ 
Metallurgical coal 
Other industrial coal 
Coal to liquids 
Electricity 

Transportation 
Liquefied petroleum gases’ 
E854 
Motor gasoline5 
.let fuelG 
Diesel fuel (distillate fuel oil)’ 
Residual fuel oil 
Natural gas’ 
Electricity 

Electric powerg 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Steam coal 

27 02 
21 21 
1 1  08 
33 69 

23 52 
20 77 
1 1  07 
9 10 
29 73 

21 80 
21 32 
10 92 
5 51 
5 84 
2 71 

19 63 
_ . _  

26 88 
25 21 
22 70 
16 22 
21 87 
10 42 
13 20 
32 99 

18 73 
1 1  89 
5 14 
2 26 

33 41 
29 60 
1 1  07 
39 01 

29 82 
26 00 
17 55 
9 21 
32 49 

29 72 
26 25 
20 77 
5 13 
8 00 
3 59 
139 
20 89 

34 76 
31 62 
31 88 
25 74 
29 90 
19 69 
13 34 
33 62 

24 66 
24 85 
4 78 
2 56 

33 08 
29 38 
1 1  1 1  
37 27 

29 54 
25 83 
17 43 
9 27 
31 28 

29 56 
26 08 

5 26 
7 78 
3 52 
136 
20 38 

20 70 

34 41 
31 28 
31 53 
25 58 
29 69 
19 74 
13 36 
32 86 

24 53 
24 78 
4 90 
2 53 

32 76 
29 22 
1 1  03 
36 43 

29 27 
25 73 
17 36 
9 21 
30 75 

29 37 
25 96 
20 64 
5 25 
7 64 
3 47 
134 
20 1 1  

34 07 
31 06 
31 31 
25 50 
29 55 
19 76 
13 29 
32 42 

24 46 
24 45 
4 90 
2 51 

47 89 
44 08 
17 31 
51 84 

42 91 
39 13 
26 93 
14 37 
43 53 

42 98 
39 64 
31 03 
8 43 
12 45 
5 1 1  
3 42 
29 03 

49 57 
42 19 
46 72 
38 70 

29 83 
18 91 
47 41 

44 la 

36 93 
37 10 
7 78 
3 78 

41 41 
38 68 
15 43 
43 72 

37 17 
34 47 
23 41 
12 86 
37 21 

37 51 
34 93 
27 24 
7 75 
10 40 
4 34 
2 67 
25 15 

42 83 
36 97 
41 19 
33 94 
39 03 
26 45 
17 05 
40 46 

32 52 
32 59 
7 19 
3 25 

39 98 
37 22 
15 32 
41 53 

35 94 
33 15 
22 61 
12 78 
35 84 

36 59 
33 54 
26 22 
7 91 
9 81 
4 12 
2 60 
24 47 

41 35 
38 02 
39 38 
32 78 
37 47 
25 28 
16 84 
3941 

31 43 
30 87 
7 41 
3 12 
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74 69 
70 42 
28 95 
75 12 

67 37 
62 88 
40 96 
24 03 
62 54 

68 79 
63 67 
46 48 
15 15 
20 34 
7 95 
5 15 
43 20 

77 05 
68 26 
71 14 
62 51 
69 37 
45 1 1  
29 54 
71 19 

59 79 
55 56 
14 41 
6 05 

54 86 
51 82 
22 14 
54 76 

49 56 
46 20 
29 93 
18 43 
46 67 

50 95 
46 76 
34 28 
1 1  93 
14 42 
5 77 
3 78 
32 90 

56 59 
50 61 
53 22 
46 12 
51 29 
33 18 
22 97 
53 55 

44 02 
40 73 
1 1  42 
4 43 

50 81 
48 97 
20 72 
50 81 

45 95 
43 85 
28 25 
17 16 
44 37 

47 52 
44 36 
32 33 
1 1  15 
13 13 
5 32 
3 49 
31 70 

52 31 
47 60 
50 1 1  
43 58 
48 70 
31 60 
21 42 
50 59 

41 80 
38 16 
10 66 
4 13 
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High 
economic 

growth 

Sector and source 

-- 

Table B3. Energy prices by sector and source (continued) 
(nominal dollars per niillioii Btu, unless otherwise noted) 

2025 2035 

Low High Low High 
economic Reference economic economic Reference economic 

growth growth growth growth 

Average price t o  all users" 
Liquefied petroleum gases 
E854 
Motor gasoline' 
Jet fuel 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Metallurgical coal 
Other coal 
Coal to liquids 
Electricity 

17 28 
2521 
22 59 
16 22 
21 65 
10 82 
7 16 
5 84 
2 29 

28 68 
_ . _  

2497 2478 2461 3569 31 04 3026 
31 62 31 28 31 06 42 19 3697 3802 
3188 3153 3131 4672 41 19 3938 
2574 2558 2550 3870 3394 3278 
29 16 2896 2881 4329 3824 3672 
2046 2048 2046 3092 2734 26 15 
687 695 692 1102 993 998 
800 778 764 1245 1040 981 
263 260 258 387 332 3 18 
139 136 134 342 267 260 

31 84 3058 2997 43 14 3662 35 1 1  

57 13 
68 26 
71 14 
62 51 
68 42 
46 69 
18 98 
20 34 
6 17 
5 15 

63 22 

42 17 3944 
5061 4760 
5322 50 11 
46 12 4358 
5052 4793 
34 33 32 61 
1473 1373 
1442 13 13 
451 420 
378 349 

4680 44 14 

25169 27141 26585 26418 38371 34226 34674 59424 47299 48470 
17908 19661 19171 18942 29811 25904 25289 48430 36731 35203 
19898 23547 241 24 24608 350 69 336 06 34635 534 08 447 01 45754 
57378 80141 80475 81172 111290 103098 103115 171149 135641 136893 

120354 150489 150355 1511 41 214542 196835 1977 13 3324 10 264372 266320 
008 027 027 027 1695 1121 782 7773 6153 58 1 1  

1203.62 1505.16 1503.82 1511 69 2162.37 1979 56 1984.95 3401 83 2705 26 2721.31 

Non-renewable energy expenditures by 
sector (billion nominal dollars) 

Residential 
Commercial 
Industrial 
Transportation 

Total non renewable expenditures 
Transportation renewable expenditures 
Total expenditures " ^ I " .  

'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity. or electricity and heat, to the public 
'Excludes use for lease and plant fuel 
'Includes Federal and Stale taxes while excluding county and local laxes 
'E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold starting issues, the percentage of ethanol varies 

'Sales weighted-average price for all grades Includes Federal, Slate and local taxes 
'Kerosene-type jet fuel Includes Federal and Slate taxes while excluding county and local taxes 
'Diesel fuel for on-road use Includes Federal and State taxes while excluding county and local taxes 
'Natural gas used as a vehicle fuel Includes estimated molar vehicle fuel taxes and estimated dispensing costs or charges 
'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity. or electricity and heat. to the public 
"Weighted averages of end-use fuel prices are derived from the prices shown in each sector and the corresponding sectoral consumption 
Btu = British thermal unit 
- - = Not applicable 
Note: Data for 2010 are model results and may differ slightly from official EIA data reports 
Sources: 2010 prices lor motor gasoline, distillate fuel oil. and jet fuel are based on prices in the U S Energy Information Administration (EIA). Pefroleuni Markeling Annual 

seasonally The annual average ethanol content of 74 percent is used for this forecast 

2009. DOE/EIA-0487(2009) (Washington, DC. August 2010) 2010 residenlial and commercial natural gas delivered prices: EIA, Nafural Gas Mon/hly. DOE/EIA- 
0130(2011/07) (Washington, DC. July 201 1) 2010 industrial natural gas delivered prices are estimated based on: EIA, Manulacluring Energy ConsurnpOon Survey and 
industrial and wellhead prices from the Natural Gas Annual 2009, DOE/EIA-0131(2009) (Washington. DC. December 2010) and the Nafural Gas Mofifhly. DOE/EIA- 
0130(2011/07) (Washington. DC, July 201 1) 2010 transportation sector natural gas delivered prices are model results 2010 electric power sector distillate and residual fuel oil 
prices: EIA, Monthly Energy Review. DOE/EIA-0035(2011/09) (Washington. DC. September 2010) 2010 eleclric power sector natural gas prices: EIA, Elecfric Power Monfhly. 
DOE/ElA-0226, April 2010 and April 201 1 ,  Table 4 2. and EIA. Safe Energy Dafa Reporl2009, DOElEIA-0214(2009) (Washington. DC, June 201 1) 2010 coal prices based 
on: EIA, Quarlerly Coal Reporl, Ocfober-December 2010, DOE/ElA-O121(2010/4Q) (Washington. DC. May 201 1) and EIA. AEO2012 National Energy Modeling System run 
REF2012 DO201 12C 2010 electricity prices. EIA. Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington. DC. October 201 1) 2010 E85 prices derived from 
monthly prices in the Clean Cities Alternalive Fuel Price Report Projections: EIA, AEO2012 National Energy Modeling System runs LM2012 DO224 12A, 
REF2012 D020112C. and HMZ012 D022412A 
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2015 

Low High 
economic Reference economic 
growth growth 

Table B4. Macroeconomic indicators 
(billion 2005 chain-weighted dollars, unless otherwise noted) 

2025 2035 

Low High Low High 
economic Reference economic econornlc Reference economic 

growth growlh growlh growth 

Real gross domestic product . . . . 13088 
Components of real gross domestic product 

Real consumption 922 1 
Real investment 1715 
Real government spending 2557 
Real exports 1663 
Real imports 2085 

Energy intensity 
(thousand Btu per 2005 dollar of GDP) 

Delivered energy 5 45 
Total energy 7 50 

Price indices 
GDP chain-type price index (2005=1 000) 1110 

All-urban 2 18 
Energy commodities and services 2 12 

All commodities 185  
Fuel and power 186 

2 08 
Industrial commodities excluding energy 1.83 

Consumer price index (1982-4=1) 

Wholesale price index (1982=1 00) 

Metals and metal products 

Interest rates (percent, nominal) 
Federal funds rate 0 17 
10-year treasury note 3 21 
AA utility bond rate 5 24 

Value of shipments (billion 2005 dollars) 
Service sectors 20602 
Total industrial 5838 

Non-manufacturing 1578 
Manufacturing 4260 

Energy-intensive 1595 
Non-energy-intensive 2664 

Total shipments . . . . . . . . . . 26440 

Population and employment (millions) 
Population with armed forces overseas 310 8 
Population, aged 16 and over 244 3 
Population, over age 65 40 4 
Employment, nonfarm 129 8 
Employment, manufacturing 1 1  5 

Key labor indicators 
Labor force (millions) 153 9 

1 10 
Unemployment rate (percent) 9 63 
Non-farm labor productivity (1992=1 00) 

Key indicators for energy demand 
Real disposable personal income 10062 
Housing starts (millions) 0 63 

81 1 
11 55 

Commercial floorspace (billion square feet) 
Unit sales of light-duty vehicles (millions) 

14401 

10007 
2234 
2322 
2243 
2370 

4 90 
6 66 

1217 

2 47 
2 67 

2 15 
2 31 
2 45 
2 08 

3 31 
6 62 
9 31 

22047 
6407 
1702 
4705 
1633 
3072 

28454 

325 2 
256 0 
46 7 

138 3 
11 8 

157 6 
1 1 4  
8 11 

10890 
1 40 

15 34 
84 a 

14803 

10218 
2457 
2355 
2289 
2463 

4 84 
6 58 

1 196 

2 42 
2 62 

2 10 
2 29 
2 43 
2 04 

3 26 
4 67 
6 74 

22469 
6730 
1873 
4857 
1664 
3194 

29199 

326 2 
256 5 
47 1 

139 4 
12 1 

158 0 
1 1 6  
7 51 

1 1035 
1 75 
84 1 

16 16 

15235 

10510 
2675 
2389 
2322 
2596 

4 77 
6 50 

1178 

2 36 
2 59 

2 02 
2 27 
2 45 
2 02 

2 50 
4 09 
5 73 

22970 
7072 
2065 
5008 
1692 
3316 

30042 

327 2 
257 2 
47 1 

142 7 
12 3 

158 7 
118  
7 10 

11224 
2 22 
84 3 

16 69 

17676 

11874 
2956 
2420 
3828 
3258 

3 98 
5 50 

1677 

3 53 
3 82 

2 96 
3 4 1  
2 85 
2.63 

5 75 
8 03 

11 61 

26671 
7109 
1885 
5224 
1781 
3443 

33780 

354 2 
279 9 

63 4 
150 4 
11 0 

167 1 
133  
6 04 

13862 
140  
92 7 

16 20 

19185 

12697 
3472 
2525 
4235 
3516 

3 85 
5 32 

1424 

2 95 
3 36 

2 39 

2 57 
2.22 

3 01 

4 29 
5 06 
7 17 

28029 
7973 
2228 
5745 
1901 
3844 

36002 

358 1 
282 6 

64 2 
154 2 

11 4 

168 6 
1 42 
5 54 

14286 
196 
93 9 

17 79 

20538 

13606 
3982 
2601 
4558 
3909 

3 74 
5 16 

1348 

2 78 
3 20 

2 25 
2 92 
2 53 
2 12 

3 58 
4 49 
6 18 

29342 
8737 
2554 
6183 
1971 
4212 

38079 

362 5 
285 8 

64 4 
160 5 

11 9 

170 9 
1 47 
5 05 

14978 
2 78 
95 2 

18 85 

21630 

14594 
3929 
2619 
5846 
5020 

3 35 
4 63 

2 442 

5 38 
5 83 

4 46 
5 44 
3 39 
3 47 

7 56 
8 22 

12 74 

31392 
7606 
2024 
5583 
1854 
3729 

38998 

382 8 
304 2 

76 9 
158 9 

9 1  

178 a 
155  
6 15 

17350 
1 1 9  

100 5 
15 31 

24539 

16220 
4836 
2818 
6953 
5690 

3 17 
4 36 

1758 

3 72 
4 37 

2 81 
4 12 
2 64 
2 43 

4 30 
5 18 
7 56 

33430 
8692 
2407 
6285 
2034 
4251 

42122 

390 1 
309 6 

77 7 
166 8 

9 2  

181 7 
175  
5 54 

18217 
1 8 9  

103 0 
18 64 

27084 

17889 
565 1 
2944 
7979 
6596 

3 06 
4 22 

1599 

3 36 
4 07 

2 47 
3 85 
2 56 
2.24 

3 59 
4 47 
6 12 

35331 
9954 
2823 
7131 
2155 
4976 

45285 

398 7 
316 0 

78 3 
173 4 

9 9  

186 3 
185 
5 09 

19407 
2 95 

105 5 
20 55 

GDP = Gross domestic product 
Btu = British thermal unit 
Sources: 2010 IHS Global Insight, Global Insight Industry and Employment models, August 201 1 Projections: U S Energy Information 

Administration, AE02012 National Energy Modeling System runs LM2012 D022412A, REF2012 DO201 12C, and HM2012 D022412A 
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Supply, disposition, and prices 

Appendix C 

Price case co 

2025 2035 
I- 

2015 2010 
Low oil Reference High oil Low oil Reference High oil Low oil Reference High oil 
price price price price price price 

Table C1. Total energy supply, disposition, and price summary 
(quadrillion Btu per year, unless otherwise noted) 

I Projections I 

Production 
Crude oil and lease condensate 
Natural gas plant liquids 
Dry natural gas 
Coal’ 
Nuclear I uranium’ 
Hydropower 
Biomass’ 
Other renewable energy‘ 
Other‘ 

Total 

imports 
Crude oil 
Liquid fuels and other petroleumG 
Natural gas’ 
Other imports’ 

Total 

Exports 
Liquid fuels and other petroleum9 
Natural gas” 
Coal 

Total . I I .  .. 
Discrepancy“ 

Consumption 
Liquid fuels and other petroleum” 
Natural gas 
CoaP 
Nuclear I uranium‘ 
Hydropower 
Biomass’‘ 
Other renewable energy‘ 
Other” 

Total 

Prices (2010 dollars per unit) 
Petroleum (dollars per barrel) 

Low sulfur light crude oil” 
ImDorted crude otl” 

Natural gas (dollars per million Btu) 
at Henry hub 
at the wellhead” 

Natural gas (dollars per thousand cllbic feet) 
at the wellhead” 

Coal (dollars per ton) 
at the minemouth” 

Coal (dollars per million Btu) 
at the minemouth” 
Average end-use” 

Average electricity (cents per kilowatthour) 

. I . . . .  

1 1  59 
2 78 

22 10 
22 06 

8 44 
2 51 
4 05 
1 34 
0 64 

75 50 

20 14 
5 02 
3 81 
0 52 

29.49 

4 81 
115 
2 10 
8.06 

-1.23 

37 25 
24 71 
20 76 

8 44 
2 51 
2 88 
1 34 
0 29 

98.16 

79 39 
75 87 

4 39 
4 06 

4 16 

35 61 

176 
2 38 

9 8  

12 66 
3 15 

24 02 
20 76 

8 68 
2 90 
4 52 
1 94 
0 54 

79 18 

21 26 
4 97 
3 87 
0 47 

30 58 

5 16 
193 
2 73 
9 82 

0 04 

38 73 
25 93 
18 35 
8 68 
2 90 
3 06 
1 94 
0 30 

99.89 

58 36 
55 41 

4 21 
3 78 

3 87 

39 93 

198 
2 42 
9 5  

13 23 
3 33 

24 22 
20 24 

8 68 
2 90 
4 45 
199  
0 60 

79.64 

18 87 
4 32 
3 73 
0 44 

27 37 

5 00 
193 
2 73 
9 66 

-0.08 

36 72 
26 00 
17 80 
8 68 
2 90 
3 04 
1 9 9  
0 30 

97 43 

116 91 
11397 

4 29 
3 84 

3 94 

42 08 

2 08 
2 56 

9 7  

13 79 
3 34 

24 44 
19 80 
8 68 
2 90 
4 67 
2 02 
0 82 

80.46 

17 01 
3 89 
3 69 
0 40 

24 98 

4 95 
193 
2 73 
9.62 

0.01 

35 31 
26 18 
17 30 
8 68 
2 90 
3 13 
2 02 
0 30 

95 82 

182 10 
179 16 

4 26 
3 81 

3 91 

44 26 

2 18 
2 68 
9 9  

1 1  57 
3 84 

26 20 
22 39 

9 60 
2 99 
6 14 
2 18 
0 55 

85.46 

21 30 
5 08 
3 16 
0 83 

30 37 

4 51 
3 51 
2 82 

10.84 

0.09 

39 70 
25 80 
20 17 

9 60 
2 99 
4 19 
2 18 
0 28 

104 90 

5941 
48 84 

5 61 
4 98 

5 10 

41 50 

2 10 
2 51 

9 5  

13 77 
3 93 

26 91 
22 25 

9 60 
2 99 
6 26 
2 22 
0 69 

88.61 

16 23 
4 08 
2 75 
1 07 

24 14 

4 46 
3 51 
2 82 

10 79 

-0.03 

36 58 
26 14 
20 02 

9 60 
2 99 
4 17 
2 22 
0 28 

101 99 

132 56 
121 21 

5 63 
5 00 

5 12 

44 05 

2 23 
2 70 
9 7  

15 60 
4 01 

27 65 
23 45 

9 60 
2 98 
7 14 
2 19 
0 77 

93.38 

12 08 
3 43 
2 55 
0 81 

18 88 

4 58 
3 52 
2 67 

10 76 

-0 01 

35 03 
26 57 
20 39 

9 60 
2 98 
4 48 
2 19 
0 28 

101 52 

193 48 
180 29 

5 60 
4 97 

5 09 

45 62 

2 31 
2 81 

9 9  
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10 29 
3 80 

27 80 
23 59 

9 42 
3 05 
7 92 
2 87 
0 68 

89.43 

23 88 
5 40 
3 28 
0 87 

33 42 

4 89 
4 17 
3 22 

12 28 

0 23 

41 86 
26 86 
21 05 

9 42 
3 05 
4 98 
2 87 
0 24 

110.34 

62 38 
53 10 

7 36 
6 47 

6 63 

47 24 

2 40 
2 73 
10 0 

12 89 
3 94 

28 60 
24 14 

9 28 
3 04 
9 07 
2 81 
0 91 

94 67 

16 90 
4 14 
2 84 
0 81 

24 69 

4 95 
4 17 
3 13 

12.25 

0 18 

37 70 
27 26 
21 15 

9 28 
3 04 
5 44 
2 81 
0 24 

106 93 

144 98 
132 95 

7 37 
6 48 

6 64 

50 52 

2 56 
2 94 
10 1 

14 37 
4 00 

29 38 
27 73 

9 26 
3 04 

1 1  33 
2 66 
0 90 

102.65 

11 22 
3 26 
2 57 
0 76 

17 82 

5 02 
4 18 
3 13 

12 33 

0 27 

35 86 
27 67 
22 69 

9 26 
3 04 
6 45 
2 66 
0 24 

107 87 

200 36 
187 04 

7 17 
6 31 

6 46 

51 12 

2 62 
3 07 
10 2 
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Supply, disposition, and prices 

Table C1. Total energy supply, disposition, and price summary (continued) 
(quadrillion Btu per year, unless otlieiwise noted) 

Projections 

2015 2025 2035 2010 

Reference High Oil ';:c:' IReference I ';rC:" L;:c:' IReference I High price price Oil I price 

'Includes waste coal 
'These values represent the energy obtained from uranium when it is used in light water reactors The total energy content of uranium is much larger, but alternative 

'Includes grid-connected electricity from wood and wood waste; biomass. such as corn. used for liquid fuels production; and non-electric energy demand from wood Refer 

'Includes grid-connected electricity from landfill gas: biogenic municipal waste; wind; photovoltaic and solar thermal sources; and non-electric energy from renewable 

processes are required to take advantage of it 

to Table A17 for details 

sources, such as active and passive solar systems Excludes electricity imports using renewable sources and nonmarketed renewable energy See Table A17 for selected 
nonmarketed residential and commercial renewable energy data 

'Includes non-biogenic municipal waste, liquid hydrogen, methanol, and some domestic inputs to refineries 
'Includes imports of finished petroleum products. unfinished oils. alcohols. ethers. blending components. and renewable fuels such as ethanol 
'Includes imports of liquefied natural gas that is later reexported 
'Includes coal. coal coke (net). and electricity (net) Excludes imports of fuel used in nuclear power plants 
'Includes crude oil. petroleum products. ethanol, and biodiesel 
''Includes re-exported liquefied natural gas and natural gas used for liquefaction at export terminals 
"Balancing item Includes unaccounted for supply, losses, gains, and net storage withdrawals 
"Includes petroleum-derived fuels end non-petroleum derived fuels. such as ethanol and biodiesel, and coai-based synthetic liquids Petroleum coke, which is a solid. is 

''Excludes coal converted to coal-based synthetic liquids and natural gas 
"Includes grid-connected electricity from wood and wood waste, non-electric energy from wood. and biofuels heat end coproducts used in the production of liquid fuels, but 

"Includes non-biogenic municipal waste, liquid hydrogen, and net electricity imports 
"Weighted average price delivered to U S refiners 
"Represents lower 48 onshore and offshore supplies 
"Includes reported prices for both open market and captive mines 
"Prices weighted by consumption; weighted average excludes residential and commercial prices, and export free-alongside-ship (fa s ) prices 
Btu = British thermal unit 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from official EIA data reports 
Sources: 2010 natural gas supply values and natural gas wellhead price: U S Energy Information Administration (EIA), Nafural Gas Monthly, DOE/EIA-0130(201 1/07) 

(Washington, DC, .July 2011) 2010 coal minemouth end delivered coal prices: EIA, AnnualEnergy Review 2010, DOE/ElA-0384(2010) (Washington, DC. October 201 1) 2010 
petroleum supply values: EIA. Pefroleurn Supply Annual 2010, DOE/EIA-0340(2010)/1 (Washington. DC. July 201 1) 2010 low sulfur light crude oil price: EIA. Form EIA-856. 
"Monthly Foreign Crude oil Acquisition Report " Other 2010 coal values: Quarterly Coal Report Ocfober-December 2010, DOE/EIA-Ol21(2010/4C!) (Washington. DC. May 
201 1) Other 2010 values: EIA, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington. DC. October 201 1) Projections: EIA. AE02012 National Energy Modeling 
System runs LP2012 DO221 12A. REF2012 DO201 12C. and HP2012 DO221 1ZA 

included Also included are natural gas plant liquids and crude oil consumed as a fuel Refer to Table A17 for detailed renewable liquid fuels consumption 

excludes the energy content of the liquid fuels 
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Sector and source 

Table C2. Energy consumption by sector and source 
(quadrillion Btu per year, uiiless otherwise noted) 

Projections 

Low oil IReference I H:::' ~;:~tl I Reference I Hbgr:czil L;:$T Reference I H$zil 
2035 - -  2015 2025 

2010 

price 

Energy consumption 

Residential 
Liquefied petroleum gases 
Kerosene 
Distillate fuel oil 

Natural gas 
Coal 
Renewable energy' 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Delivered energy . .  

Total 

Commercial 
Liquefied petroleum gases 
Motor gasoline' 
Kerosene 
Distillate fuel oil 
Residual fuel oil 

Natural gas 
Coal 
Renewable energy' 
Electricity 

Electricity related losses 

LiqiJld fuels and other petroleum subtotal 

Deliveredenergy . . . 

Total 

Industrial' 
Liquefied petroleum gases 
Motor gasoline' 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleum5 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuelG 

Natural gas subtotal 
Metallurgical coal 
Other industrial coal 
Coal-to-liquids heat and power 
Net coal coke imports 

Biofuels heat and coproducts 
Renewable energy' 
Electricity 

Delivered energy 
Electricity related losses 

Liquid fuels and other petroleum subtotal 

Coal SlJbtOtal 

0 56 
0 03 
0 63 
122 
5 06 

0 42 
4 95 

11 66 
10 39 
22 05 

a a i  

0 14 
0 05 
0 00 
0 43 
0 08 
0 72 
3 28 
0 06 
0 11 
4 54 
8 70 
9 52 

18 22 

2 00 
0 25 
1 1 6  
0 12 
0 94 
3 59 
8 05 
6 76 
0 00 
137 
8 14 
0 55 
101 
0 00 

-0 01 
156 
0 84 
150 
3 28 

23.37 
6 89 

0 54 
0 03 
0 61 
117 
4 98 
0 01 
0 37 
4 78 

11.31 
9 68 

20.99 

0 16 
0 06 
0 01 
0 4 1  
0 13 
0 76 
3 42 
0 06 

4 61 
8 96 
9 34 

18 30 

a i t  

186  
0 28 
128 
0 12 
101  
3 82 
8 39 
7 17 
0 00 
142 
8 59 
0 58 
103  
0 00 

160 
0 85 
163 
3 52 

24.57 
7 1 1  

31.69 

-0 a0 

0 51 
0 02 
0 55 
108 
4 97 
0 01 
0 43 
4 75 

11.24 
9 58 

20.81 

0 14 
0 05 
0 00 
0 35 

0 62 
3 41 
0 06 
0 1 1  
4 59 
8 80 
9 27 

18.06 

a 08 

183 
0 28 
125 
0 09 
1 0 1  
3 44 
7 89 
7 19 
0 00 
143 
8 62 
0 57 
103 
0 00 

-0 01 
159  
0 81 
1 6 1  
3 44 

23.96 
6 94 

30.90 

0 49 
0 02 
0 51 
102 
4 98 
0 01 
0 48 
4 71 

11.19 
9 47 

20.66 

0 12 
0 04 

0 32 
0 06 
0 55 
3 42 
0 06 
0 1 1  
4 57 
8 70 
9 18 

17 89 

a ao 

1 80 

a a9 

0 28 
1 24 

101  
3 23 
7 65 
7 21 
0 00 
1 44 
8 65 
0 56 
1 02 
0 00 

158  
0 86 
1 63 
3 40 

23.76 
6 84 

30.60 

-0 a i  

0 55 
0 03 
0 49 
107 
4 88 
0 01 
0 36 
5 27 

11.58 
10 66 
22.24 

0 18 
0 06 
0 01 
0 41 
0 14 
0 79 
3 51 
0 06 
0 11 
5 19 
9.66 

10 50 
20.16 

2 22 
0 3 1  
125  

130  
3 82 
9 03 
7 19 

153  
8 72 
0 48 
1 04 
0 10 

-0 03 
160  
1 19 
190  
3 57 

26.02 
7 21 

33.24 

a 13 

0 00 

0 50 
0 02 

0 95 
4 88 
0 01 
0 43 
5 23 

11.51 
10 52 
22.02 

a 43 

0 15 
0 05 
0 00 
0 33 
0 08 
0 62 
3 53 
0 06 
0 1 1  
5 16 
9 48 

19.86 
l a  38 

2 17 
0 30 
1 19 

129 
3 1 1  
8 13 
7 32 
0 00 
157 
8 89 
0 49 
108  
0 36 

-0 03 
190 
127 
182  
3 52 

25.53 
7 09 

32.61 

a 08 

0 48 
002  
0 40 
0 90 
4 90 
0 01 
0 48 
5 20 

11.48 

21.82 
i a  34 

a 13 
0 05 
0 00 
0 30 

0 56 
3 55 
0 06 
0 11 
5 14 
9.41 

19.62 

a 06 

i a  21 

2 13 
0 30 
1 17 
0 07 
128  
2 89 
7 83 
7 38 
0 07 
163 
9 09 
0 49 
108 
112 

-0 03 
2 67 
173 
175  
3 51 

26 58 
6 98 

33.56 
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0 55 
0 02 
0 41 
0 99 
4 74 
0 01 
0 35 
5 90 

11.98 
1 1  58 
23.56 

0 19 
0 07 

0 4 1  
0 14 
0 81 
3 64 
0 06 
0 1 1  
5 81 

10.43 
11 41 
21 .a4 

o a i  

2 23 
0 32 
129 
0 14 
132  
4 10 
9 40 
7 18 
0 00 
1 54 
8 71 
0 44 
105 
0 10 

-0 06 
1 54 
199 
2 10 
3 40 

27.14 
6 68 

33.82 

0 51 
0 02 
0 35 
0 87 
4 76 
0 01 
0 43 
5 86 

11.93 
1 1  35 
23.28 

0 16 
0 06 
0 01 
0 32 
0 08 
0 62 
3 69 
0 06 
0 1 1  
5 80 

10.28 
11 23 
21.50 

2 15 
0 30 
1 18 
0 08 
130 
3 19 
8 21 
7 18 
0 00 
163 
8 81 
0 43 
108 
0 60 

-0 06 
2 06 
2 57 
1 9 5  
3 33 

26.94 
6 46 

33.39 

0 48 
002  
0 33 
0 82 
4 78 
0 01 
0 47 
5 83 

11 91 
1 1  02 
22 93 

0 14 
0 06 
0 01 
0 30 
0 07 
0 57 
3 72 
0 06 
0 1 1  
5 77 

10.23 
10 90 
21.13 

2 1 1  
0 29 
116 

129 
2 83 
7 76 
7 29 
0 07 
171 
9 07 
0 43 
109 
2 74 

-0 06 
4 21 
3 63 
187 
3 32 

29.85 
6 27 

36.12 

a 07 

185 



Exliibit_RW-G 

High oil 
price 

Table C2. Energy consumption by sector and source (continued) 
(quadrillion Btu per year, unless otherwise noted) 

2025 2035 

Reference High oil Low oil IReference I High price Oil Low oil 
price price price 

2015 Sector and source I 2010 I 
Low oil 
price Reference 

Transportation 
Liquefied petroleum gases 
E85' 
Motor gasoline' 
Jet fuelg 
Distillate fuel oil" 
Residual fuel oil 
Other petroleum" 

Pipeline fuel natural gas 
Compressed I liquefied natural gas 
Liquid hydrogen 
Electricity 

Delivered energy 
Electricity related 10s 
Total 

Liquid fuels and other petroleum subtotal 

Delivered energy consumption for all 
sectors 

Liquefied petroleum gases 
E85O 
Motor gasoline' 
Jet fuelq 
Kerosene 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleum" 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuelG 
Pipeline natural gas 

Natural gas subtotal 
Metallurgical coal 
Other coal 
Coal-to-liquids heat and power 
Net coal coke imports 

Biofuels heat and coproducts 
Renewable energy'' 
Liquid hydrogen 
Electricity 

Electricity related losses 

Liquid fuels and other petroleum subtotal 

Coal subtotal 

Delivered energy 

Total . . .  . . .  

Electric poweri4 
Distillate fuel oil 
Residual fuel oil 

Natural gas 
Steam coal 
Nuclear I ~ r a n i u m ' ~  
Renewable energy" 
Electricity imports 

Liquid fuels and other petroleum subtotal 

Total" " . "  

0 04 
0 a0 

16 91 
3 07 
5 77 
0 90 
0 17 

26 88 
0 65 
0 04 
0 00 

27.59 

27.63 

0 a2 

0 05 

2 75 
0 00 

17 21 
3 07 
0 04 
7 99 
111  
0 94 
3 76 

36 87 
15 15 
0 00 
137 
0 65 

17 17 
0 55 
108 
0 00 

-0 01 
162 
0 84 
2 03 

12 79 
71.32 
26 84 
98 16 

a 00 

0 08 
0 30 
0 38 
7 54 

19 13 
8 44 
3 85 
0 09 

39 63 

0 04 
0 01 

17 23 
3 04 
6 71 
0 91 
0 17 

28 1 1  
0 68 
0 05 
0 00 
0 03 

28.86 

28 92 
0 05 

2 60 
0 01 

17 57 

0 04 
9 01 
116  
101  
3 98 

38 42 
15 62 
0 00 
142 
0 68 

17 72 
0 58 
109 
0 00 

-0 00 
167 
0 85 
2 10 
0 00 

12 94 
73 71 
26 19 
99 89 

3 04 

0 09 
0 22 
0 30 
8 22 

16 68 
8 68 
4 94 
0 10 

39 13 

0 04 
0 01 

16 13 
3 03 
6 55 
0 91 
0 17 

26 83 
0 68 
0 06 
0 00 
0 03 

27.60 
0 05 

27.65 

2 51 

16 46 
3 03 
0 03 
8 69 
108  
101 
3 61 

36 43 
15 64 
0 00 
143 
0 68 

17 75 
0 57 
109 
0 00 

-0 01 
165 
0 81 
2 15 

12 81 
71 "59 
25 84 
97.43 

a a i  

0 00 

0 08 
0 21 
0 29 
8 25 

16 15 
8 68 
4 96 
0 10 

38.64 

0 05 
0 37 

14 85 
3 01 
6 45 
0 91 
0 17 

25 81 
0 69 

0 00 
0 03 

26.61 
0 06 

26 67 

a 08 

2 46 
0 37 

15 17 
3 01 
0 03 
8 52 
106  
101  
3 39 

35 02 
15 68 
0 00 
1 44 
0 69 

17 81 
0 56 
108  
0 00 

-0 01 
1 64 
0 86 
2 22 

12 71 
70 26 
25 55 
95 82 

a oa 

0 08 
0 21 
0 29 
8 37 

15 66 
8 68 
4 96 
0 10 

38.26 

0 04 
0 02 

17 02 
3 20 
7 08 
0 92 
0 17 

28 45 
0 66 
0 06 
0 00 
0 03 

29.20 

29 27 
0 07 

2 98 
0 02 

17 39 
3 20 
0 04 
9 24 
119 
130 
3 98 

39 35 
15 63 
0 00 
153 
0 66 

17 82 
0 48 
111  
0 10 

-0 03 
1 67 
119  
2 37 

14 07 
76 47 
28 44 

104 90 

a 00 

0 09 
0 27 
0 36 
7 97 

18 50 
9 60 
5 80 

42.50 
0 08 

0 04 
0 30 

14 90 
3 19 
7 03 
0 93 
0 17 

26 57 
0 67 
0 1 1  
0 00 
0 04 

27.40 
0 08 

27.49 

2 86 

15 25 
3 19 
0 03 
8 99 
109 
129 
3 27 

36 28 
15 85 
0 00 
157 
0 67 

18 09 
0 49 
1 14 

a 30 

a 36 
-0 03 
196  
1 2 7  
2 36 

13 96 
73 92 
28 07 

101 99 

a 00 

0 09 
0 22 
0 31 
8 04 

18 06 
9 60 
5 75 

42.03 
a 08 

0 05 
149  

12 48 
3 18 
7 14 
0 93 
0 17 

25 44 
0 69 
0 21 
0 00 
0 06 

26 40 
0 12 

26 52 

2 79 
149  

12 82 
3 18 
0 03 
9 02 
106  
128 
3 05 

34 73 
16 04 
0 07 
1 6 3  
0 69 

18 43 
0 49 
115  
1 12 

-0 03 
2 74 
173  
2 34 
0 00 

13 91 
73.87 
27 65 

101 52 

0 09 
0 22 
0 31 
8 14 

17 65 
9 60 
5 59 
0 08 

41.56 

0 05 
0 20 

17 96 
3 34 
7 58 
0 94 
0 17 

30 24 
0 67 
0 07 
0 00 
0 05 

31 03 
0 10 

31 12 

3 02 
0 20 

18 35 
3 34 
0 04 
9 69 
121  
132  
4 27 

41 44 
15 62 
0 00 
154  
0 67 

17 83 
0 44 
1 1 1  
0 10 

-0 06 
160  
199  
2 56 
0 00 

15 16 
80.58 
29 76 

110.34 

0 09 
0 33 
0 42 
9 03 

19 45 
9 42 
6 34 
0 04 

44.91 

0 05 
122  

14 53 
3 33 
7 44 
0 94 
0 17 

27 67 
0 69 
0 16 

0 07 
28.60 

0 14 
28 75 

0 aa 

2 86 
122  

14 88 
3 33 
0 03 
9 29 
1 1 1  
130  
3 36 

37 38 
15 79 

163  
0 69 

18 11 
0 43 
1 1 5  
0 60 

-0 06 
2 12 
2 57 
2 50 
0 00 

15 06 
77.75 
29 18 

106.93 

0 00 

0 09 
0 23 
0 32 
9 16 

19 03 
9 28 
6 22 
0 04 

44.24 

0 05 
2 63 

11 70 
3 32 
7 57 
0 94 
0 17 

26 40 
0 69 
0 30 
0 00 
0 11 

27.49 
0 20 

27.69 

2 79 
2 63 

12 05 
3 32 
0 03 
9 36 
108  
1 2 9  
3 00 

35 55 
16 08 

1 7 1  
0 69 

18 55 
0 43 
116  
2 74 

-0 06 
4 28 
3 63 
2 45 
0 00 

15 02 
79 48 
28 39 

107.87 

0 07 

a 09 
0 23 
0 32 
9 12 

1841 
9 26 
6 07 
0 04 

43 41 
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Exhibit-R W-6 

Sector and source 

Table C2. Energy consumption by sector and source (continued) 
(quadrillion Btu per year, unless otherwise noted) 

~~ 

Projections 

2015 2025 2035 
II 

2010 

Reference I High Oil 
Reference High oil Low oil 

IReference I H!?tl Li:czi' I price price price 
Low oil 
price 

Total energy consumption 
Liquefied petroleum gases 
E85' 
Motor gasoline' 
Jet ftJd9 
Kerosene 
Distillate fuel oil 
Residual fuel oil 
Petrochemical feedstocks 
Other petroleum'' 

Natural gas 
Natural-gas-to-liquids heat and power 
Lease and plant fuel' 
Pipeline natural gas 
Natural gas subtotal 

Metallurgical coal 
Other coal 
Coal-to-liquids heat and power 
Net coal coke imports 

Nuclear I ~ r a n i u m ' ~  
Biofuels heat and coproducts 
Renewable energy" 
Liquid hydrogen 
Electricity imports 

Liquid fuels and other petroleum subtotal 

Coal subtotal 

Total I .  . . . . . . I  , . . . I . . . . .  

Energy use and related statistics 
Delivered energy use 
Total energy use 
Ethanol consumed in motor gasoline and E85 
Population (millions) 
Gross domestic product (billion 2005 dollars) 
Carbon dioxide emissions (million metric tons) 

2 75 
0 00 

17 21 
3 07 
0 04 
8 07 
141  

3 76 
37 25 
22 69 

0 00 
137 
0 65 

24 71 
0 55 

20 21 
0 00 

-0 01 
20 76 
8 44 
0 84 
5 88 
0 00 
0 09 

98.16 

a 94 

71 32 
98 16 

111  

13088 
5633 6 

310 83 

2 60 

17 57 
3 04 
0 04 
9 10 
138 
101  
3 98 

38 73 
23 84 

0 00 
142  
0 68 

25 93 
0 58 

17 77 
0 00 

-0 00 
18 35 
8 68 
0 85 
7 05 
0 00 
0 10 

99.89 

o a i  

73 71 
99 89 

130  
326 16 
14990 

5592 8 

2 51 
0 01 

16 46 
3 03 
0 03 
8 78 
129 
101  
3 61 

36 72 
23 89 

143 
0 68 

0 57 
17 24 
0 00 

17 80 
8 68 
0 81 
7 11 
0 00 
0 10 

97.43 

0 oa 

26 oa 

-0 a i  

71 59 
97 43 

122 
326 16 
14803 

5407 2 

2 46 
0 37 

15 17 
3 01 
0 03 
8 60 
127 
101  
3 39 

35 31 
24 05 

144 
0 69 

26 18 
0 56 

16 74 
0 00 

-0 01 
17 30 
8 68 
0 86 
7 18 
0 00 
0 10 

95.82 

0 aa 

70 26 
95 82 

136  
326 16 
14666 

5251 2 

2 9 8  286  2 7 9  302  2 8 6  2 7 9  
0 0 2  030  149  0 2 0  122 263  

1739 1525 1282 1835 1488 1205 
3 2 0  319  318  334  3 3 3  332 

9 3 3  907 910  9 7 8  9 3 8  9 4 5  
146 131 128 155  134 131 

3 9 8  327 305  4 2 7  3 3 6  300  
3970 3658 3503 41 86 3770 3586 
2360 2389 24 17 2465 2494 2520 

153 157 163 154  163  171  
066  067 0 6 9  0 6 7  0 6 9  0 6 9  

2580 26 14 2657 2686 2726 2767 
0 4 8  0 4 9  0 4 9  0 4 4  0 4 3  043  

1961 1920 1880 2056 20 18 1957 

0 0 4  003  003  004  003  003  

130  i 29 128 1 3 2  130  I 29 

o o a  000  007 0 0 0  0 0 0  007  

0 10 

20 17 
9 60 
1 19 
8 16 
0 00 
0 08 

104.90 

-0 03 
0 36 

-0 03 
20 02 
9 60 
1 27 
8 11 

0 08 
101 99 

0 oa 

1 12 
-0 03 
20 39 
9 60 
173 
7 93 

0 08 
101.52 

0 oa 

0 10 0 6 0  274  

21 05 21 15 2269 
9 4 2  9 2 8  926  
199  257  363  
8 9 1  8 7 1  852  
0 0 0  0 0 0  0 0 0  
004  0 0 4  004  

10.34 106.93 107.87 

-0 06 -0 06 -0 06 

7647 7392 7387 8058 7775 7948 
10490 10199 10152 11034 10693 10787 

156 155 214  177 2 1 5  2 8 0  
35806 35806 35806 39009 39009 39009 
19146 19185 19380 24596 24539 24703 

57709 55525 54508 60491 57579 57371 

'Includes wood used for residential heating See Table A4 and/or Table A17 for estimates of nonmarkeled renewable energy consumplion for geothermal heat pumps, solar 

'Includes ethanol (blends of 15 percent or less) and elhers blended inlo gasoline 
'Excludes elhanol Includes commercial sector consumption of wood and wood waste. landfill gas, municipal waste, and other biomass for combined heat and power See 

Table A5 and/or Table AI7 for eslimates of nonrnarketed renewable energy consumplion for solar thermal water heating and electricity generation from wind and solar 
photovoltaic sources 

lhermal water heating. and eleclricily generation from wind and solar pholovoltaic sources 

'Includes energy for combined heat and power plants, except those whose primary business is lo sell electricity. or electricily and heat. to the public 
'Includes petroleum coke, asphalt, road oil. hibricanls. still gas, and miscellaneous pelroleum products 
'Represents natural gas used in well, field, and lease operations. and in natural gas processing planl machinery 
'Includes consumption of energy produced from hydroelectric, wood and wood waste. municipal waste, and olher biomass sources Excludes ethanol blends (15 percent or 

'E85 refers lo a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold slarting issues. the percentage of ethanol varies 

'Includes only kerosene type 
"Diesel fuel for on- and off- road use 
"Includes aviation gasoline and lubricanls 
"Includes unfinished oils, nalural gasoline, motor gasoline blending components, aviation gasoline. lubricants. still gas, asphalt, road oil, petroleum coke. and miscellaneous 

"Includes eleclricity generated for sale to the grid and for own use from renewable sources, and non-electric energy from renewable sources Excludes ethanol and 

''Includes consumption of energy by electricity-only and combined heal and power plants whose primary business is to 5811 electricity, or electricity and heat, to the public 

''These values represent the energy obtained from uranium when it is used in light waler reactors The total energy conlent of uranium is much larger, but alternative 

%eludes convenlional hydroelectric. geolhermal, wood and wood waste, biogenic municipal waste, olher biomass, wind, pholovoltaic. and solar thermal sources Excludes 

"Includes non-biogenic municipal waste not included above 
'%eludes convenlional hydroelectric. geothermal, wood and wood waste. biogenic municipal waste. other biomass, wind, photovoltaic, and solar thermal sources Excludes 

Btu = British thermal unit 
Note: Totals may not equal sum of components due lo independent rounding Dala lor 2010 are model resulls and may differ slightly from official EIA data reports 
Sources: 2010 consumption based on: U S Energy Information Administralion (EIA), Annual Energy Review 2010. DOE/EIA-0384(2010) (Washinglon, DC. October 201 1) 

2010 populalion and gross domestic product: IHS Global Insight Industry and Employment models, August 201 1 2010 carbon dioxide emissions: EIA. Monlhly €nergy 
Review, Oclober 201 1 DOE/EIA-0035(2011/10) (Washinglon. DC. Oclober 201 I )  Projections: EIA, AE02012 National Energy Modeling System runs LP2012 DO221 12A. 
REF2012 D020112C. and HP2012 DO221 12A 

. 

less) in motor gasoline 

seasonally The annual average elhanol content of 74 percent is used for this forecast 

petroleum products 

nonmarketed renewable energy consumption for geothermal heal pumps, buildings photovoltaic systems, and solar thermal water healers 

Includes small power producers and exempl wholesale generators 

processes are required to lake advantage of il 

nel electricity irnporls 

elhanol. net electricity imports, and nonmarketed renewable energy consumption for geothermal heat pumps, buildings photovoltaic systems. and solar thermal water healers 
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Exhibit-RW-6 

Sector and source 

Projections 

2015 2025 2035 

Low price oil IReferenceI H$c:' '$2' I Reference I H!Fczil Li;cz' IReference I High price Oil 

2010 

Industrial' 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oii 
Natural gas' 
Metallurgical coal 
Other Industrial coal 
Coal to liquids 
Electricity 

2180 1698 2743 3887 1633 2924 3962 1795 3218 4160 
21 32 1450 2420 3482 1495 2722 3632 16 19 2953 3660 
1092 9 5 1  1921 3020 960  2123 3043 9 9 7  2165 3061 
551  4 7 8  4 8 8  4 8 8  599  6 0 4  6 0 1  7 5 2  754  7 3 8  
584  7 0 4  7 2 2  7 3 5  786  8 1 1  824  8 8 5  9 1 1  9 2 3  
2 7 1  3 1 1  3 2 7  3 3 8  318  3 3 8  352  3 3 8  364  3 8 6  

- _  117  126 132 202  2 0 8  226  2 2 6  2 3 8  2 6 4  
1963 1858 1891 1926 19 1 1  1960 1996 2061 2078 2097 

Transportation 
Liquefied petroleum gases' 
E85' 
Motor gasoline' 
Jet fuel' 
Diesel fuel (distillate fuel 011)~ 
Residual fuel oil 
Natural gasa 
Electricity 

26 88 23 86 31 93 
2521 18 16 2903 
2270 1853 2926 
1622 1262 2374 
21 87 1799 2756 
1042 864  1832 
1320 1228 1240 
3299 3037 3050 

40 71 
38 11 
41 14 
35 26 
38 22 
29 02 
12 45 
30 24 

2347 3338 41 43 2477 3574 
17 18 2881 41 93 1659 31 96 
1820 3210 4326 1849 3361 
1280 2645 3589 1396 2913 
1814 3042 3966 1915 3240 

1305 1329 1341 1426 1451 
3091 31 53 3304 3326 3382 

867  2062 2937 8 7 6  2095 

43 04 
39 01 
42 09 
36 89 
39 63 
29 86 
14 47 
34 36 

Electric power' 
Distillate fuel oil 1873 1206 2277 3356 1254 2535 34 16 1356 2780 3505 
Residual fuel oil 1189 1308 2300 3374 1212 2540 3430 1120 2572 3459 
Natural gas 514 4 4 6  4 5 5  454  5 5 8  5 6 0  5 5 9  7 1 8  7 2 1  704  
Steam coal 2 2 6  2 2 2  2 3 5  2 4 7  234  2 5 4  2 6 8  2 5 6  2 8 0  300  

Average price t o  all users'" 
Liquefied petroleum gases 
E85' 
Motor gasoline' 
Jet fuel 
Distillate fuel oil 
Residual fuel oil 
Natural gas 
Metallurgical coal 
Other coal 
Coal to liquids 
Electricity 

1728 1464 2299 
2521 18 16 2903 
2259 1853 2926 
1622 1262 2374 
21 65 1716 2687 
1082 9 17 1901 
7 1 6  6 3 6  6 4 5  
584 7 0 4  722  
2 2 9  2 2 8  2 4 1  

- -  117  126 
2868 2787 2838 

32 23 
38 1 1  
41 14 
35 26 
37 56 
29 82 
6 43 
7 35 
2 53 
1 3 2  

28 94 

1390 24 19 3257 1528 2663 3420 
1718 2881 41 93 1659 31 96 3901 
1819 3210 4326 1849 3361 4209 
1280 2645 3589 1396 29 13 3689 
1745 2981 3904 1854 3191 3912 
916  2131 3021 9 2 2  2168 3063 
770  7 7 4  774  9 2 6  9 3 0  918  
786  8 1 1  824  8 8 5  9 1 1  9 2 3  
2 3 9  2 5 9  2 7 3  2 6 1  2 8 5  306  
202  2 0 8  2 2 6  2 2 6  2 3 8  2 6 4  

2788 2854 29 14 2931 2956 2992 

Non-renewable energy expenditures by 
sector (billion 2010 dollars) 

Residential 251 69 23640 24672 25677 25531 266 75 275 38 28949 29872 30424 
Commercial 17908 17163 17792 18403 19367 20189 20838 22540 23198 23590 
Industrial 19898 17507 22388 27909 19455 26192 31303 21290 28231 32354 
Transportation 57378 48996 74684 99867 49122 80352 97623 53761 85665 95830 

Total non-renewable expenditures 1203 54 1073 06 1395 36 1718 56 1134 76 1534 08 1773 02 1265 39 1669 66 1821 97 
Transportation renewable expenditures 008  0 18 0 2 5  1401 0 3 9  8 7 4  6229 3 3 2  3886 10269 
Total expenditures 1203.62 1073.25 1395 61 1732 58 1135.15 1542.81 1835.31 1268 71 1708 52 1924 66 
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Sector and source 

Table C3. Energy prices by sector and source (continued) 
(nominal dollars per iiiillioii Btu, unless otherwise noted) 

Projections 

2015 2025 2035 

L;;c;l Reference "W,"iI Low price oil IReference I ~ ~ : ~ z i l  ~;:~zil 1 Reference I HEpczil 

.._.- 
2010 

Industrial' 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Natural gas' 
Metallurgical coal 
Other industrial coal 
Coal to liquids 
Electricity 

Transportation 
Liquefied petroleum gases' 
E854 
Motor gasoline' 
Jet fuelG 
Diesel fuel (distillate fuel oil)' 
Residual fuel oil 
Natural gas' 
Electricity 

21 80 1828 
21 32 1561 
1092 1023 
551 5 14 
584 7 57 
271 335  

_ _  126 
1963 1999 

29 56 

20 70 
5 26 
7 76 
3 52 
136 

20 38 

26 a8 

2688 2568 3441 
2521 1955 31 28 
2270 1994 31 53 
1622 1359 2558 
2187 1936 2969 
1042 930 1974 
1320 1322 1336 
3299 3269 3286 

41 77 
37 41 
32 45 
5 24 
7 90 
3 63 
142 

20 69 

43 74 
40 95 
44 21 
37 89 
41 07 
31 18 
13 38 
32 50 

21 25 
19 46 
12 49 
7 80 

10 23 
4 13 
2 63 

24 87 

30 54 
22 36 
23 68 
16 66 
23 61 
1 1  28 
16 98 
40 22 

3751 5025 2846 5095 6539 
3493 4606 2567 4676 5753 
2724 3859 1580 3428 48 1 1  
775  763  1192 1193 1160 

1040 1045 1404 1442 1451 
434 446 536 577 606 
267 286 358 378 4 14 

25 15 2531 3268 3290 3296 

42 83 
36 97 
41 19 
33 94 
39 03 
26 45 
17 05 
40 46 

5254 3927 5659 6766 
53 17 2631 5061 61 31 
54 86 2932 5322 66 16 
4551 22 13 46 12 5799 
5030 3037 51 29 6229 
3725 1389 33 18 4693 

41 90 5274 5355 5401 
1700 2261 2297 2275 

Electric powerg 
Distillate fuel oii 1873 1298 2453 3606 1632 3252 4332 21 50 4402 55 10 

Natural gas 514 480 490 488 727 719 709 1138 1142 1106 
Steam coal 226 239 253  265  304 325 340 406 4 4 3  472 

Residual fuel oil 11 89 1407 2478 3626 1577 3259 4350 1777 4073 5438 
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Projections 

2015 2025 2035 

Reference High oil Low oil IReference I 2010 
Oil Low 011 Reference High oil Low oil 

price price price price price price 
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Supply and disposition 

Table C4. Liquid fuels supply and disposition 

- 
Projections 

201 5 2025 2035 

Re,erence High oil Low oil IRelCrence I High Oil price price price price price price 

2010 
Low oil Reference High oil Low oil 

Crude oil 

Alaska 
Lower 48 states 

Net imports 
Gross imports 
Exports 

Total crude supply 

Domestic crude production' 

Other crude supply' 

547 588 615 641 538 640 725 479  599 668 
060 046 046 046 034 040 068 000 027 036 
487 542 569 595 504 6 0 0  657 479  572 632 
917 963  852 764 958 724 532 1074 752 491 
921 966 856 767 961 727 536 1077 755 495 
004 003  003  003  003  003  004 0 0 3  003  004 
0 0 8  000 000 000 000 000 000 0 0 0  000 000 

1472 1552 1467 1405 1496 13.64 1256 1553 1351 11 59 

Other petroleum supply 
Natural gas plant liquids 
Net product imports 

Gross refined product imports' 
Unfinished oil imports 
Blending component imports 
Exports 

Refinery processing gain4 
Product stock withdrawal 

Supply from renewable sources 
Other non-petroleum supply . . 

Ethanol 
Domestic production 
Net imports 

Domestic production 
Net imports 

Biodiesel 

Other biomass-derived liquids' 
Liquids from gas 
Liquids from coal 
OtherG 

3 5 0  3 3 3  325 
207 240 2 56 
039 -001 -025 
123 097 078  
061 074 064 
074 069 066 
219 241 232 
107 094 095  

100 1.24 1.22 

085 100 094 
088 099 094 

-002 001 0 0 0  

002 008  009 
-001 0 00 0 00 
0 0 0  002 003  
000 0 0 0  000 
000 000 000 
013 014 017 

-003 000 o a o  

087 1 1 1  105 

a o i  0 0 8  009  

2.98 
2 56 

0 61 
0 56 
0 63 
2 30 
0 92 
0 00 
1.46 

105 

0 06 

0 1 1  
0 00 
0 03 
0 00 
0 00 
0 26 

-0 50 

1 20 

a 99 

a 12 

4.21 3 80 329 4 13 3 52 2.81 
294 301 307 291 301 306 
033  -0 12 -062 031 -034 -094 
106 079 051 114 082 055 
067 051 038 074 050 026 
071 065 061 073  066 061 
212 207 213 231 231 236 
095 091 084 091 085 069 

1.61 1.86 2.84 2 18 296  4.87 
142 148 201 192 237 324 
120 119 164 136 165 2 15 
118 117 147 135 159 196 
002 002 017 001 006 019 

012 012 013  013  013  014 

010 016 024 044 059 095 
0 0 0  000 006 0 0 0  000 006 
005 0 17 052 005  028  127 
015 021 024 020 031 030 

000 o o a  a o o  000 000 o o o  

012  012 013 013  013  014 

o o o  ooo  000 o o o  -000 -000 

Total primarysupply' . . " .  . . . . . . . . . " .  . . . . 19.22 20.09 19.14 18.49 20.79 19.29 18.69 21.84 19.99 19.27 

Liquid fuels consumption 
by fuel 

Liquefied petroleum gases 
E85' 
Motor gasolineg 
Jet fuel" 
Distillate fuel oil" 

Diesel 
Residual fuel oii 
Other" 

by sector 
Residential and commercial 
Ind~strial'~ 
Transportation 
Electric power'' 

Total . . . . . . . " .  . . . . . . . . . I .  

227 200 194 190 
0 0 0  001 001 025 
899 948 888  8 19 
143 147 146 145 
380 434 4 19 4 10 
332 382 371 366 
054 0 6 0  056 055  
214 223 206 197 

230 221 215 232 221 215 
002 021 102 014 0 8 3  180 
945 829 697 997 809 655 
155 154 154 161 161 160 
445 433 434 467 448  451 
399 392 396 424 411 416 
063  057 056 067 058  057 
238 206 195 251 210 194 

112 112 i o 0  092  i o 9  094 087 i o 7  091 084 
431 441 417 405 483  441 426 500 444 422 

1382 1447 1380 1331 1469 1371 1326 1564 1441 1390 
017 014 013  013  016 014 014 019 014 014 

1917 2014 1910 1841 2077 1920 1853 21 90 1990 19.12 

Discrepancy" . . . . . . . . . . I I "  I 1 I I .  I I 0.05 -0.05 0.05 0.08 0.01 0.10 0.16 -0.06 0.09 0.15 
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Table C4. Liquid fuels supply and disposition (continued) 
(million barrels per clay, uiiless otherwise noted) 

Projections 

2015 2025 2035 2010 
High oil L;;c;il Reference H:igctil Low oil High oil 

price price Reference price Reference Low oil 
price. 

Domestic refinery distillation capacity" 1 7 6  1 7 6  1 7 5  17 1 1 6 8  155 1 4 6  1 7 1  1 5 2  1 3 8  
Capacity utilization rate (percent)" 8 6 0  9 0 3  8 5 9  8 4 0  91 0 90 1 8 8 0  9 3 0  9 0 8  8 5 7  
Net import share of product supplied (percent) 49 6 47 9 43 2 38 9 47 8 37 0 26 0 50 7 36 2 21 6 
Net expenditures for imported crude oil and 

petroleum products (billion 20 10 dollars) 24307  20799 37300  52315 18941 34458 38481  22636 38997 36397 

'Includes lease condensate 
'Strategic petroleum reserve stock additions plus unaccounted for crude oil and crude stock withdrawals minus crude product supplied 
'Includes other hydrocarbons and alcohols 
'The volumetric amount by which total output is greater than input due to the processing of crude oil into products which, in total, have a lower specific gravity than the crude 

Slncludes pyrolysis oils, biomass-derived Fischer-Tropsch liquids, and renewable feedstocks used for the on-site production of diesel and gasoline 
'Includes domestic sources of other blending components, other hydrocarbons, and ethers 
'Total crude supply plus other petroleum supply plus other non-petroleum supply 
'E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold starting issues, the percentage of ethanol varies 

31ncludes ethanol and ethers blended into gasoline 
"Includes only kerosene type 
"Includes distillate fuel oil and kerosene from petroleum and biomass feedstocks 
"Includes aviation gasoline, petrochemical feedstocks, lubricants, waxes, asphalt, road oil, still gas, special naphthas, petroleum coke, crude oil product supplied, methanol, 

"Includes consumption for combined heat and power, which produces electricity and other useful thermal energy 
"Includes consumption of energy by electricity-only and combined heat and power plants whose primaly business is to sell electricity, or electricity and heat, to the public 

'SBalancing item Includes unaccounted for supply, losses, and gains 
'6End-of-year operable capacity 
"Rate is calculated by dividing the gross annual input to atmospheric crude oil distillation units by their operable refining capacity in barrels per calendar day 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from official EIA data reports. 
Sources: 2010 product supplied based on: U S Energy Information Administration (EIA), Annual Energy Review 2070, DOE/EIA-0384(2010) (Washington, DC, October 

201 1) Other 2010 data: EIA, Pelroleurn Supply Annual 2010, DOE/EIA-0340(2010)/1 (Washington, DC, July 201 1) Projections: EIA, AE02012 National Energy Modeling 
System runs LP2012 DO221 12A, REF2012 DO201 12C, and HP2012 DO221 12A 

oil processed 

seasonally The annual average ethanol content of 74 percent is used for this forecast 

and miscellaneous petroleum products 

Includes small power producers and exempt wholesale generators 
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Table C5. Petroleum product prices 
(20 10 dollars per gallon, unless otheiwise noted) 

____ Projections 

2025 2035 .___. 2015 

‘,”;:’ Reference I price 

2010 - ..-.. 
High oil L;;c;il Reference HE:c;il Low oil Reference High oil 

price price 

Crude oil prices (2010 dollars per barrel) 
Low sulfur light 
Imported crude oil‘ 

Delivered sector product prices 

Residential 
Liquefied petroleum gases 
Distillate fuel oil 

Commercial 
Distillate fuel oil 
Residual fuel oil 
Residual fuel oil (2010 dollars per barrel) 

Industrial’ 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 
Residual fuel oil (2010 dollars per barrel) 

Transportation 
Liquefied petroleum gases 
Ethanol 
Ethanol wholesale price 
Motor gasoline4 
Jet fuel5 
Diesel fuel (distillate fuel 0 1 1 ) ~  
Residual fuel oil 
Residual fuel oil (2010 dollars per barrel) 

Electric power’ 
Distillate fuel oil 
Residual fuel oil 
Residual fuel oil (2010 dollars per barrel) 

Refined petroleum product prices’ 
Liquefied petroleum gases 
Motor gasoline4 
Jet fuel5 
Distillate fuel oil 
Residual fuel oil 
Residual fuel oil (2010 dollars per barrel) 

Average .......................... 

79 39 
75 87 

2 288 
2 941 

2 866 
1657 
69 58 

1846 
2 932 
1 634 
68 62 

2 276 
2 402 
1712 
2 756 
2 190 
2 998 
1560 
65 53 

2 598 
1780 
74 77 

1464 
2 743 
2 190 
2 975 
1619 
68 00 
2.528 

58 36 
55 41 

1909 
2 295 

1917 
0 896 
37 63 

1438 
1991 
1423 
59 77 

2 021 
1731 
2 356 
2 240 
1704 
2 465 
1294 
54 33 

1673 
1957 
82 21 

1239 
2 240 
1704 
2 355 
1 372 
57 63 
2.059 

11691 
11397 

2 600 
3 781 

3 303 
2 421 

101 70 

2 323 
3 322 
2 876 

120 80 

2 704 
2 766 
2 228 
3 538 
3 205 
3 776 
2 742 

115 15 

3 157 
3 443 

144 60 

1947 
3 538 
3 205 
3 687 
2 845 

11950 
3.31 6 

182 10 
179 16 

3 361 
5 310 

4 778 
4 161 

174 76 

3 292 
4 780 
4 521 

189 87 

3 447 
3 631 
2 622 
4 974 
4 760 
5 237 
4 344 

182 43 

4 655 
5 051 

212 13 

2 729 
4 974 
4 760 
5 153 
4 464 

187 48 
4.691 

59 41 
48 84 

1878 
2 395 

1982 
0 935 
39 28 

1383 
2 053 
1436 
60 33 

1987 
1638 
2 215 
2 185 
1728 
2.486 
1298 
54 50 

1739 
1814 
76 19 

1177 
2 185 
1728 
2 394 
1371 
57 57 

132 56 
121 21 

2 733 
4 181 

3 699 
2 731 

114 70 

2 476 
3 737 
3 178 

133 47 

2 827 
2 746 
2 333 
3 855 
3 571 
4 168 
3 086 

129 62 

3 515 
3 802 

159 70 

2 049 
3 855 
3 571 
4 089 
3 189 

133 95 

193 48 
180 29 

3 423 
5441 

4 942 
4 240 

178 07 

3 355 
4 986 
4 554 

191 28 

3 508 
3 996 
2 741 
5 196 
4 845 
5 435 
4 397 

184 67 

4 737 
5 135 

215 65 

2 758 
5 196 
4 845 
5 355 
4 523 

189 96 
2.015 3.600 4.808 
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62.38 144.98 200 36 
53.10 13295 18704 

1989 2934 3560 
2.560 4.539 5.547 

2.136 4.019 5.008 

43.37 11885 17671 
1.033 2.830 4.207 

1520 2725 3 523 
2223 4054 5025 
1492 3241 4 582 
6265 13612 19245 

2097 3026 
1581 3046 
1985 2 159 
2219 4034 
1884 3932 
2624 4439 
1.311 3136 
5506 131.73 

3 645 
3 717 
2 571 
5 053 
4 981 
5 430 
4 469 

187 70 

1880 3856 4861 
1677 3850 5 178 
70.44 161 71 21749 

1294 2255 2896 
2219 4034 5053 
1884 3932 4981 
2543 4376 5366 
1381 3246 4585 
5799 13632 19256 
2.101 3.830 4.785 
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2025 

Table C5. Petroleurn product prices (continued) 
(nominal dollars per gallon, unless otherwise noted) 

2035 Sector and fuel 

Low oil [Reference 
price 

2010 
HEh$l Low oil High oil 

price 
price Reference 

-- i 

Crude oil pr ices (nominal dol lars per  barrel) 
Low sulfur light 79 39 
Imported crude oil' 75 87 

Delivered sector product  pr ices 

Resident ia l  
Liquefied petroleum gases 
Distillate fuel oil 

Commerc ia l  
Distillate fuel oil 
Residual fuel oil 

Industrial' 
Liquefied petroleum gases 
Distillate fuel oil 
Residual fuel oil 

Transportat ion 
Liquefied petroleum gases 
Ethanol 
Ethanol wholesale price 
Motor gasoline4 
.let fuel5 
Diesel fuel (distillate fuel 0 1 1 ) ~  

Residual fuel oil 

Electr ic power' 
Distillate fuel oil 
Residual fuel oil 

2 288 
2 941 

Refined petroleum product  prices' 
Liquefied petroleum gases 
Motor gasoline4 
Jet fuel5 
Distillate fuel oil 
Residual fuel oil (nominal dollars per barrel) 

Average ........................... 

2 866 
1657 

1846 
2 932 
1634 

2 276 
2 402 
1712 
2 756 
2 190 
2 998 
1560 

2 598 
1780 

1464 
2 743 
2 190 
2 975 
68 00 
2.528 

2015 

6281 12597 19567 
5964 12281 19252 

2.054 2801 3612 
2.470 4074 5706 

2 063 3559 5 135 
0964 2609 4471 

1548 2503 3537 
2 143 3580 5 136 
1532 3099 4858 

2 175 2914 3704 
1863 2981 3902 

2411 3812 5345 
1834 3454 5 115 
2653 4069 5628 
1392 2954 4668 

2535 2400 2818 

1801 3402 5002 
2.107 3.710 5.427 

1334 2098 2933 
2411 3812 5345 
1834 3454 5115 
2 534 3973 5 537 
6203 12877 20146 
2.216 3.573 5.041 

77 32 
63 56 

2 445 
3 117 

2 580 
1217 

1800 
2 671 
1869 

2 586 
2 131 
2 883 
2 843 
2 249 
3 235 
1689 

2 263 
2 361 

1531 
2 843 
2 249 
3 115 
74 93 
2.623 

170 09 
155 52 

3 507 
5 365 

4 747 
3 504 

3 177 
4 795 
4 077 

3 627 
3 523 
2 994 
4 946 
4 582 
5 348 
3 960 

4 510 
4 879 

2 629 
4 946 
4 582 
5 246 

171 87 
4.620 

245 37 
228 64 

4 341 
6 901 

6 268 
5 377 

4 255 
6 323 
5 776 

4 449 
5 067 
3 477 
6 589 
6 144 
6 893 
5 576 

6 008 
6 512 

3 498 
6 589 
6 144 
6 791 

240 90 
6.097 

98 91 
84 19 

3 154 
4 060 

3 387 
1637 

2 410 
3 524 
2 365 

3 326 
2 507 
3 147 
3 519 
2 988 
4 161 
2 079 

2 982 
2 659 

2 052 
3 519 
2 988 
4 032 
91 95 
3.331 

229 55 
210 51 

4 645 
7 188 

6 364 
4 481 

4 315 
6 419 
5 132 

4 792 
4 823 
3 419 
6 388 
6 226 
7 029 
4 966 

6 105 
6 096 

3 571 
6 387 
6 226 
6 930 

215 84 
6.064 

314 93 
294 00 

5 595 
8 719 

7 872 
6 613 

5 537 
7 898 
7 202 

5 729 
5 843 
4 041 
7 943 
7 829 
8 535 
7 025 

7 641 
8 140 

4 552 
7 942 
7 829 
8 434 

302 67 
7.520 

'Weighted average price delivered to U S refiners 
'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public 
'E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold starting issues, the percentage of ethanol varies 

'Sales weighted-average price for all grades Includes Federal, State and local taxes 
51ncludes only kerosene type. 
'Diesel fuel for on-road use Includes Federal and State taxes while excluding county and local taxes 
'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public Includes small power 

'Weighted averages of end-use fuel prices are derived from the prices in each sector and the corresponding sectoral consumption 
Note: Data for 2010 are model results and may differ slightly from official EIA data reports 
Sources: 2010 low sulfur light crude oil price: U S Energy Information Administration (EIA), Form EIA-856. "Monthly Foreign Crude oil Acquisition Report " 2010 imported 

seasonally. The annual average ethanol content of 74 percent is used for this forecast 

producers and exempt wholesale generators 

crude oil price: EIA, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC. October 201 1) 2010 prices for motor gasoline, distillate fuel oil, and jet fuel are 
based on: EIA, Petroleum Marketing Annual 2009, DOE/EIA-0487(2009) (Washington, DC, August 2010). 2010 residential, commercial, industrial, and transportation sector 
petroleum product prices are derived from: EIA, Form EIA-782A. "Refiners'lGas Plant Operators' Monthly Petroleum Product Sales Report " 2010 electric power prices based 
on: MoIJthly Energy Revfew. DOE/EIA-0035(201 1/09) (Washington, DC, September 201 1) 2010 E85 prices derived from monthly prices in the Clean Cities Alternative Fuel 
Price Report. 2010 wholesale ethanol prices derived from Bloomberg L J S "  average rack price Projections: EIA, AEO2012 National Energy Modeling System runs 
LP2012D022112A.REF2012 D020112C,and HP2012 D022112A 

194 U 5. Energy Information Administration I Annual Energy Outlook 2012 



Exhibit-RW-6 

- 
High oil Low oil 

'~YOJ IRef~rence price I price 

Table C6. International liquids supply and disposition summary 
(million bai-rels per day, unless otherwise noted) 

High oil 
price High Oil 'i::' Reference 

-. price Reference 

Supply and disposition 2010 

Crude oil prices (2010 dollars per barrel) 
Low sulfur light 
Imported crude oil' 

Low sulfur light 
Imported crude oil' 

Crude oil prices (nominal dollars per barrel)' 

Petroleum liquids production' 
OPEC3 

Middle East 
North Africa 
West Africa 
South America 

Total OPEC petroleum production 
Non-OPEC 

OECD 
United States (50 states) 
Canada 
Mexico 
OECD Europe4 
Japan 
Australia and New Zealand 

Total OECD petroleum production 
Non-OECD 

Russia 
Other Europe and Eurasia5 
China 
Other Asia6 
Middle East 
Africa 
Brazil 
Other Central and South America 

Total non-OECD petroleum 

Total petroleum liquids production . . I . . . . . 
Other liquids production' 

United States (50 states) 
Other North America 
OECD Europe' 
Middle East 
Africa 
Central and South America 
Other 

Total other liquids production . . I . . . . . 
Total production ". .  . . " . .  . . . " .  . . I " . .  . 

79 39 
75 87 

79 39 
75 87 

23 43 
3 89 
4 45 
2 29 

34.05 

8 79 
191 
2 98 
4 36 
0 13 
0 62 

18.80 

10 14 
3 22 
4 27 
3 77 
1 5 8  
241  
2 19 
2 01 

29.59 

82 44 

0 90 
1 9 3  
0 22 
0 01 
0 21 
1 2 0  
0 13 
4.61 

87.05 

Proiections 

2015 I 2025 I 2035 

58.36 116.91 
55.41 113.97 

6281 125.97 
5964 122.81 

2909 2546 
401 3 6 2  
5 5 7  5 0 9  
237  2 1 3  

41.03 36.30 

936  982  
179  179  
2 6 5  2 6 5  
3 7 2  370  
0 1 5  014 
0 55 0.55 

18.22 18.65 

974 1004 
3 6 8  3 6 7  
4 3 2  4 2 9  
380  3 7 9  
1 4 3  143  
241  2 4 0  
2 7 3  2 7 2  
2 3 0  2 2 9  

30.40 30.63 

89.66 85.58 

1 10 1.05 
2.55 2.51 
0.28 0.23 
0.13 0.17 
0.27 0.28 
2.15 1.78 
0.21 0 16 
6.70 6.18 

182 10 
179 16 

195 67 
192 52 

23 39 
3 48 
4 86 
2 05 

33.78 

10 15 
1 82 
2 59 
3 63 
0 14 
0 54 

18.88 

9 79 
3 58 
4 21 
3 73 
140 
2 36 
2 66 
2 26 

29.99 

82.65 

114  
2 90 
0 27 
0 14 
0 28 
2 06 
0 24 
7.01 

5941 
48 84 

77 32 
63 56 

33 98 
3 66 
5 92 
2 06 

45.62 

9 42 
1 7 7  
1 4 6  
3 03 

0 52 
16.34 

9 73 
4 02 
4 55 
3 23 
112  
2 55 
3 47 
2 36 

31.02 

92.98 

0 15 

1 4 5  
4 09 
0 37 
0 23 
0 42 
4 07 
0 81 

11.43 

13256 19348 
121 21 18029 

170 09 245 37 
155 52 228 64 

2977 2826 
3 3 7  341  
5 4 0  5 4 7  
192  194  

40.46 39.09 

1053 11  40 
182  1 8 5  
1 5 8  1 5 0  
3 1 5  301  
0 1 5  0 1 5  
054 0 5 2  

17.78 18.42 

1106 1038 
4 3 7  411  
4 7 9  4 5 2  
3 3 8  3 2 2  
1 1 8  1 1 1  
2 6 8  2 5 4  
3 8 7  364  
2 4 7  2 3 5  

33.80 31.86 

92.04 89.37 

1 6 2  2 4 2  
3 7 5  4 7 8  
026  030 
024  021  
0 3 8  0 3 9  
261  2 9 7  
061  1 1 5  
9.47 12.22 

62 38 
53 10 

98 91 
84 19 

35 70 
3 12 
5 74 
1 6 3  

46.1 8 

8 81 
1 75 
1 27 
2 79 
0 15 
0 52 

15.29 

8 96 
3 27 
4 66 
2 97 
0 97 
2 67 
3 32 
2 64 

29.47 

90.93 

1 96 
5 53 
0 45 
0 22 
0 53 
5 75 
1 75 

16.19 

14498 20036 
13295 18704 

22955 31493 
21051 29400 

3394 3296 
3 2 7  3 2 8  
5 2 6  5 2 7  
172 172 

44.19 43.24 

10 15 1072 
1 7 8  1 8 7  
1 6 8  1 6 7  
2 8 3  2 8 2  
0 1 6  0 1 6  
0 5 3  0 5 3  

17.14 17.76 

12 16 1202 
454  4 4 9  
470  4 6 7  
3 0 0  2 9 9  
0 9 7  0 9 7  
2 6 8  2 6 7  
4 4 5  440  
2 6 5  2 6 3  

35.15 34.83 

96.47 95.83 

2 5 9  4 3 8  
5 16 6 5 3  
0 2 8  032  
024  022  
040  041  
3 1 7  351  
1 1 8  1 6 9  

13.02 17.07 

96.36 91.76 89.67 104.42 101.51 101.59 107.13 109.50 112.90 
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Table C6. International liquids supply and disposition summary (continued) 
(million bail-els per day, uiiless otheiwise noted) 

I ,- 
Projections 

2015 2025 2035 

High oil Low oil High oil Low oil 
Supply and disposition 2010 

High oil 
price Reference price price 

price Reference 
Low oil 

price 
price Reference 

Liquids consumption' 
OECD 

United States (50 states) 19 17 

Canada 2 21 
Mexico 2 34 

United States territories 0 2a 

OECD Europe3 14 5a 
Japan 4 45 
South Korea 2 24 
Australia and New Zealand 113 

Tota l  OECD consumption 46.40 

Russia 2 93 

China 9 19 
India 3 18 
Other Asia 6 73 
Middle East 7 35 
Africa 3 34 
Brazil 2 65 
Other Central and South America 3 19 

Total non-QECD consumption 40.65 

Non-OECD 

Other Europe and Eurasia' 2 oa 

Total liquids consumption . I . . . . . . . . . . . . . 87.05 

OPEC production' 34 5a 

Net Eurasia exports 10 53 
OPEC market share (percent) 

Non-OPEC productiong 52 47 

39 7 

20 14 
0 32 
2 27 
2 50 

14 86 

2 39 
116  

48.43 

3 14 
2 37 

12 64 

7 56 

3 44 
3 00 
3 63 

47.92 

96.36 

4 a0 

3 aa 

a 26 

42 l a  
54 l a  

43 a 
10 64 

19 10 
0 31 
2 15 

14 14 
4 51 
2 25 
111  

45.95 

3 02 
2 30 

12 10 
3 70 

2 38 

7 28 
7 78 
3 30 
2 a4 
3 49 

45.82 

91.76 

37 30 
54 46 
11  1 1  
40 7 

i a  41 
0 30 
2 09 
2 30 

13 69 
4 35 

1 07 
44.38 

2 96 
2 26 

12 06 
3 64 
7 19 
7 72 
3 24 

3 42 
45.29 

89.67 

2 l a  

2 78 

34 aa 

io  a i  
3a 9 

54 79 

20 77 
0 32 
2 46 

15 97 
5 14 
2 73 
125  

51.42 

2 7a 

2 aa 
2 35 

15 65 
5 22 
a 44 
a 35 
3 43 
3 01 
3 67 

52.99 

104.42 

47 a9 
56 52 
12 00 
45 9 

19 20 
0 34 
2 25 
2 50 

14 65 
4 62 
2 46 
1 17 

47.19 

2 91 
2 45 

16 03 
5 40 
a a5 
a 16 

3 a i  

3 57 
3 15 

54.32 

101.51 

41 91 
59 60 
13 94 
41 3 

18 53 
0 34 
2 22 
2 32 

4 33 
2 31 
109  

44.97 

2 93 
2 44 

17 21 

9 15 

3 57 
3 22 

56.62 

101.59 

40 63 
60 97 
12 75 

13  a5 

5 78 

a 51 

3 a2 

40 o 

21 90 
0 31 
2 56 
3 20 

16 10 
4 92 
2 93 
130  

53.23 

2 71 
2 32 

16 35 
4 93 

9 03 
3 47 
3 13 
3 49 

53.90 

107.13 

49 42 
57 71 
10 52 
46 1 

a 4a 

19 90 
0 36 
2 35 
2 68 

14 74 
4 42 
2 56 
1 2 3  

48.24 

2 97 
2 63 

i a  50 
5 a0 
9 a9 

3 a0 

9 49 
4 09 

4 09 
61 "26 

109.50 

45 a9 
63 61 
15 54 
41 9 

19 12 

2 40 
2 43 

13 93 
4 14 
2 39 
1 1 3  

45.90 

3 12 
2 69 

6 54 

10 46 
4 21 
4 13 
4 21 

67.00 

11 2.90 

45 01 

15 I O  
39 9 

0 3a 

20 a7 

I O  7a 

67 a9 

----_____I_ 

'Weighted average price delivered to L J S .  refiners. 
'Includes production of crude oil (including lease condensate and shale oil/tight oil), natural gas plant liquids, other hydrogen and hydrocarbons for refinery feedstocks, and 

refinery gains 
'OPEC = Organization of Petroleum Exporting Countries - Algeria. Angola, Ecuador, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and 

Venezuela 
'OECD Europe = Organization for Economic Cooperation and Development - Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, 

Iceland, Ireland. Italy. Luxembourg, the Netherlands, Norway, Poland, Portugal, Slovakia, Spain, Sweden, Switzerland, Turkey, and the United Kingdom. 
'Other Europe and Eurasia = Albania, Armenia, Azerbaijan, Belarus. Bosnia and Herzegovina, Bulgaria, Croatia, Estonia, Georgia, Kazakhstan, Kyrgyzstan, Latvia, 

Lithuania, Macedonia, Malta, Moldova, Montenegro, Romania, Serbia, Slovenia, Tajikistan, Turkmenistan, LJkraine, and Uzbekistan. 
'Other Asia = Afghanistan, Bangladesh, Bhutan, Brunei, Cambodia (Kampuchea), Fiji, French Polynesia, Guam, Hong Kong, Indonesia, Kiribati, Laos, Malaysia, Macau, 

Maldives, Mongolia, Myanmar (Burma), Nauru, Nepal, New Caledonia, Niue, North Korea, Pakistan, Papua New Guinea, Philippines, Samoa, Singapore, Solomon Islands, Sri 
Lanka. Taiwan, Thailand, Tonga, Vanuatu, and Vietnam 

'lnciudes liquids produced from energy crops, natural gas, coal, extra-heavy oil, bitumen (oil sands), and kerogen (oil shale, not to be confused with shale oil/tight oil) 
Includes both OPEC and non-OPEC producers in the regional breakdown. 

*Includes both OPEC and non-OPEC consumers in the regional breakdown. 
%eludes both petroleum and other liquids production 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from official EIA data reports. 
Sources: 2010 low sulfur light crude oil price: US. Energy Information Administration (EIA), Form EIA-856. "Monthly Foreign Crude oil Acquisition Report" 2010 imported 

crude oil price: EIA, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC, October 201 1) 2010 quantities and projections: EIA, AE02012 National Energy 
Modeling System runs LP2012 DO221 l a ,  REF2012 D020112C, and HP2012 DO221 12Aand EIA, Generate World Oil Balance Model 
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Integrated 
201 1 

aemand 
Technology 

Appendix D 

Integrated 
High 

Demand 
Technology 

Reference 

Technology Technology 

Table D1. Key results for residential and commercial sector technology cases 
- 

2015 

Energy consumption ~ 2010 

2025 

Integrated Integrated 
2011 1 1 High 

Demand Reference 

Integrated 
Best 

Available 
Demand 

Technology 

Integrated 
Best 

Available 
Demand 

Technology 

Residential 
Energy consumption 
(quadril l ion Btu) 

Liquefied petroleurn gases 
Kerosene 
Distillate fuel ail 

Natural gas 
Coal 
Renewable energy' 
Electricity 

Delivered energy 
Electricity related losses 

Total 

Liquid fuels and other petroleum SlJbtotal 

0 56 
0 03 
0 63 
1 22 
5 06 
0 01 
0 42 
4 95 

11.66 
10 39 
22.05 

102.1 

0.02 

0 52 
0 03 
0 56 
1 1 0  
5 03 
0 01 
0 43 
4 83 

11.40 
9 75 

21.15 

96.0 

0.08 

0 14 
0 05 
0 00 
0 35 
0 08 
0 62 
3 42 
0 06 
0 11 
4 64 
8.85 
9 38 

18.24 

105.3 

843 
1251 

90 

6 13 
1 9 6  
0 12 

0.04 

0 51 0 51 
0 02 0 02 
0 55 0 54 
1 0 8  1 0 7  
4 97 4 83 
0 01 0 01 
0 43 0 42 
4 75 4 53 

11.24 10.85 
9 58 9 09 

20.81 19.95 

0 50 0 52 
0 02 0 02 
0 53 0 46 
1 0 5  1 00 
4 63 5 12 
0 01 0 01 
0 41 0 47 
4 28 5 48 

10.38 12.08 
8 5 2  1098 

18.90 23.07 

0 50 0 48 
0 02 0 02 
0 43 0 41 
0 95 0 91 
4 88 4 51 
0 01 0 01 
0 43 0 41 
5 23 4 74 

11.51 10.57 
10 52 9 53 
22.02 20.10 

0 48 
0 02 
0 39 
0 88 
4 00 
0 01 
0 37 
4 10 
9.36 
8 17 

17.53 

70 6 

0 13 

0 15 
0 05 
0 00 
0 32 
0 08 
0 61 
3 56 
0 06 
0 1 1  
4 17 
8.50 
8 30 

16.80 

90.5 

3066 
2235 

225 

22 30 
3 58 
0 31 

0.08 

Delivered energy intensity 
(mill ion Btu  per household) . . . . . ~ 

Nonmarketed renewables 
consumption (quadril l ion Btu) . . . . 

94.6 91.4 87.4 91 .I 86.8 79.7 

0.08 0.08 0.09 0.10 0.10 0.11 

Commercial 
Energy consumption 
(quadril l ion Btu) 

Liquefied petroleum gases 
Motor gasoline' 
Kerosene 
Distillate fuel oil 
Residual fuel oil 

Natural gas 
Coal 
Renewable energy3 
Electricity 

Liquid fuels and other petroleum subtotal 

Delivered energy intensity 
(thousand Btu per square foot) " .  . . . I . . 

Commercial sector generation 
Net summer generation capacity 
(megawatts) 

NatiJral gas 
Solar phofovoltaic 
Wind 

Electricity generation 
(bil l ion ki lowatthours) 

Natural gas 
Solar photovoltaic 
Wind 

Nonmarketed renewables 
consumption (quadril l ion Btu) 

0 14 
0 05 
0.00 
0.43 
0 08 
0 72 
3 28 
0 06 
0.1 1 
4.54 
8.70 
9 52 

18.22 

107.3 

0 14 0 14 
0 05 0 05 
0 00 0 00 
0 35 0 35 
0 08 0 08 
0 62 0 62 
3 41 3 39 
0 06 0 06 
0 11 0 11 
4 59 4 42 
8.80 8.60 
9 27 8 88 

18.06 17.48 

0 14 0 15 
0 05 0 05 
0 00 0 00 
0 35 0 33 
0 08 0 08 
0 62 0 62 
3 41 3 53 
0 06 0 06 
0 11 0 11 
4 26 5 39 
8.46 9.71 
8 4 8  1079  

16.94 20.50 

0 15 0 15 
0 05 0 05 
0 00 0 00 
0 33 0 32 
0 08 0 08 
0 62 0 61 
3 53 3 48 
0 06 0 06 
0 11 0 11 
5 16 4 62 
9.48 8.87 

10 38 9 29 
19.86 18.16 

104.6 102.2 100.6 103.4 101.0 94.5 

711 
1197 

83 

5 17 
1.87 
0.10 

0.03 

865 900 
1253 1254 

91 94 

914 1455 
1262 1490 

106 106 

1955 2605 
1578 1753 

132 138 

6 29 6 54 
1 96 I 96 
0.12 0 12 

6 6 4  1058  
1 97 2 34 
0 14 0 14 

1422  1895  
2 51 2 80 
0 18 0 19 

0.04 0.05 0.05 0.04 0.04 0.07 

'Includes wood used for residential heating See Table A4 and/or Table A 17 for estimates of nonmarkeled renewable energy consumplion forgeolhermal heat pumps, solar thermal 

'Includes ethanol (blends of 15 percent or less) and elhers blended into gasoline 
'Includes commercial sector consumplion of wood and wood waste, landfill gas, municipal solid waste, and other biomass for combined heal and power 
Btu = British thermal unit 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from official EIA data reports 
Source: U S Energy Informalion Adminislralion. AE020 12 National Energy Modeling System, runs FROZTECH D030812A, REF201 2 DO20 1 12C, HIGHTECH DO328 12A. and 

hol water heating, and solar photovoltaic electricity generation 

BESTTECH DO328 12A 
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2035 1 I n t e g 2 d  1 Integrated 2011 1 
Demand Reference Demand Available 

Demand 
Technology Technology Technology 

0 53 
0 02 
0 40 
0 95 
5 23 
0 01 
0 50 
6 23 

12.91 
12 14 
25.05 

88 7 

0.10 

0 15 
0 06 
0 0 1  
0 32 
0 08 
0 62 
3 63 
0 06 
0 11 
6 07 

10.49 
11 82 
22.32 

101.9 

2514 
1832 

178 

18 29 
2 88 
0 24 

0.04 

0 51 
0 02 
0 35 
0 87 
4 76 
0 01 
0 43 
5 86 

11.93 
11 35 
23.28 

81.9 

0.11 

0 16 
0 06 
0 01 
0 32 
0 08 
0 62 
3 69 
0 06 
0 11 
5 80 

10.28 
11 23 
21.50 

99.8 

4795 
231 1 

270 

34 88 
3 74 
0 38 

0.05 

0 48 
0 02 
0 32 
0 82 
4 28 
0 00 
0 39 
5 26 

10.75 
10 31 
21.06 

73.8 

0.14 

0 16 
0 06 
0 0 1  
0 30 
0 08 
0 61 
3 64 
0 06 
0 11 
4 87 
9.28 
9 54 

18.82 

90.1 

6609 
3177 

269 

48 08 
5 17 
0 38 

0.1 1 

0 47 
0 02 
0 29 
0 78 
3 67 
0 00 
0 34 
4 45 
9.24 
8 65 

17.89 

63.4 

0.19 

0 16 
0 06 
0 01 
0 30 
0 08 
0 60 
3 74 
0 06 
0 11 
4 33 
8.84 
8 41 

17.25 

85 8 

7235 
5546 

375 

52 63 
9 02 
0 53 

0.12 

Annual Growth 2010-2035 (percent) 

Integrated 

Demand Demand 
Technology 

-0 2% 
-1 2% 
-1 8% 
-1 0% 
0 1% 

-0 5% 
0 6% 
0 9% 
0.4% 
0 6% 
0.5% 

-0.6% 

6.4% 

0 3% 
0 4% 
0 7% 

-1 2% 
-0 1% 
-0 6% 
0 4% 

-0 0% 
0 0% 
1 2 %  
0.8% 
0 9% 
0.8% 

-0.2% 

5 2% 
1 7 %  
3 1% 

5 2% 
1 7 %  
3 5% 

1.0% 

-0 4% 
-1 7% 
-2 3% 
-1 3% 
-0 2% 
-1 1% 
0 1% 
0 7% 
0.1% 
0 4% 
0.2% 

-0.9% 

6.9% 

0 3% 
0 4% 
0 7% 

-1 2% 
-0 0% 
-0 5% 
0 5% 

-0 0% 
0 0% 
10% 
0.7% 
0 7% 
0.7% 

-0.3% 

7 9% 
2 7% 
4 8% 

7 9% 
2 8% 
5 3% 

1.7% 

-0 6% 
-2 1% 
-2 7% 
-1 6% 
-0 7% 
- 1  5% 
-0 3% 
0 2% 

-0.3% 
-0 0% 
-0.2% 

-1.3% 

7.7% 

0 4% 
0 4% 
0 7% 

-1 4% 
-0 0% 
-0 7% 
0 4% 

-0 0% 
0 0% 
0 3% 
0.3% 
0 0% 
0.1% 

-0.7% 

9 3% 
4 0% 
4 8% 

9 3% 
4 2% 
5 3% 

4.8% 

-0 7% 
-2 4% 
-3 1% 
-1 8% 
-1 3% 
-1 8% 
-0 9% 
-0 4% 
-0.9% 
-0 7% 
-0.8% 

-1 "9% 

9.2% 

0 4% 
0 4% 
0 7% 

-1 5% 
-0 0% 
-0 7% 
0 5% 

-0 0% 
0 0% 

-0 2% 
0.1% 

-0 5% 
-0.2% 

-0.9% 

9 7% 
6 3% 
6 2% 

9 7% 
6 5% 
6 7% 

5.1% 
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Consumption and emissions I 2010 

Table D2. Key results for integrated technology cases 

~~ ~ 

2015 2025 2035 

Integrated Integrated Integrated Integrated Integrated Integrated 
2011 Reference High 2011 Reference High 2011 Reference High 

Technology Technology Technology Technology Technology Technology 

Energy consumption by sector 
(quadrillion Btu) 

Residential 
Commercial 
Industrial' 
Transportation 
Electric power? 

Total . . . " " " . . "  . . .  I 

Energy consumption by fuel 
(quadrillion Btu) 

Liquid fuels and other petroleum3 
Natural gas 
Coal 
Nuclear I uranium 
Renewable energf 
Other' 

Total I . "  

Energy intensity (thousand Btu 
per 2005 dollar of GDP) . . . . . . . . . . . . 

Carbon dioxide emissions by sector 
(million metric tons) 

Residential 
Commercial 
Industrial' 
Transportation 
Electric powe? 

Total . . . . " " .  . I "  . . . . . . . . ~. . . . . 
Carbon dioxide emissions by fuel 
(million metric tons) 

Petroleum 
Natural gas 
Coal 
Other' 

Total 

Carbon dioxide emissions 
(tons per person) . . . . . . I . . " .  . . . . . 

1 1  66 

23 37 
27 59 
39 63 
98.1 6 

a 70 

37 25 
24 71 
20 76 

6 72 
0 29 

98.16 

a 44 

7.50 

353 
229 
909 

227 1 
5634 

1 a72 

2349 

1990 
12 

5634 

1283 

18.1 

1 1  39 

23 99 
27 61 
39 09 
98.00 

a a5 

36 77 
26 02 
i a  14 
a 68 
a I O  
0 30 

98.00 

6.62 

343 
23 1 
964 

1865 
2040 
5443 

2332 

1731 
12 

5443 

I 368 

16.7 

11 24 

23 96 
27 60 

97.43 

a a0 

38.64 

36 72 
26 00 
17 a0 
a 6a 
7 92 
0 30 

97.43 

6.58 

338 

I a64 

231 
963 

201 1 
5407 

2329 
1367 
1699 

12 
5407 

16.6 

i o  a7  
a 62 

27 48 
24 03 

37 46 
96.02 

36 54 
25.69 
16.64 
8.68 
a 17 
0 30 

96.02 

6.49 

33 1 
230 
962 

1856 
1 a84 
5263 

2315 
1350 

12 
5263 

I 586 

16.1 

12 oa 
9 70 

25 24 
27 45  

103.43 
43 38 

36 67 
26 77 
20 73 

9 60 
9 38 
0 28 

103.43 

5.39 

34 1 
237 
993 

I 829 
2268 
5668 

2275 
1407 
1974 

12 
5668 

15.8 

1 1  51 

25 53 
27 40 
42 03 
101.99 

9 48 

36 58 
26 14 
20 02 

9 60 
9 38 
0 28 

101.99 

5.32 

324 
237 
992 

2179 
5552 

1 a20 

226 1 
1374 
1906 

12 
5552 

15.5 

10 60 
a 90 

25 aa 
26 a0 
39 oa 
98.25 

35 a4 

17 a7 

9 a0 

25 13 

9 34 

0 27 
98 25 

5.12 

302 
233 

1772 
1942 
5232 

983 

220 1 
1320 
1700 

12 
5232 

14.6 

12 90 

25 68 

46 11 
108.09 

i o  48 

2a 57 

37 67 
28 64 
21 a9  

I O  48 
9 14 

0 26 
108.09 

4.41 

342 
242 

1015 

2446 
5928 

I a83 

2327 
1508 
208 1 

12 
5928 

15.2 

1 1  93 

26 94 

44 24 
106.93 

10 28 

28 60 

37 70 
27 26 
21 15 

1 1  29 
0 24 

106.93 

9 28 

4.36 

312 
246 

101 1 

2330 
5758 

1 a59 

2300 
1435 
2012 

12 
5758 

14.8 

i o  a0 
9 33 

27 69 
27 64 
40 45 

102.23 

36 52 
25 23 

9 55 
12 24 
0 24 

102.23 

i a  45 

4.17 

284 

1787 

242 
995 

1992 
5300 

2208 
1327 
1753 

12 
5300 

13.6 

'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes eleclricify-only and combined heat and power plants whose primary business is to sell electricity, or eleclricily and heat, to the public 
'Includes petroleum-derived fuels and non-petroleum derived fuels, such as ethanol and biodiesel, and coal-based synthetic liquids Petroleum coke, which is a solid, is included 

Also included are natural gas plant liquids, crude oil consumed as a fuel, and liquid hydrogen 
'Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas: biogenic municipal solid waste; other biomass; wind; photovoltaic and 

solar thermal sources; and non-electric energy from renewable sources, such as active and passive solar systems. and wood; and both the ethanol and gasoline components of 
E85. but not the ethanol component of blends less than 85 percent Excludes electricity imports using renewable sources and nonmarketed renewable energy 

51ncludes non-biogenic municipal waste, liquid hydrogen, and net electricity imports 
'Includes electricity-only and combined heat and power plants whose primary business is lo sell electricity, or electricity and heat, to the public 
'Includes emissions from geothermal power and nonbiogenic emissions from municipal solid waste 
Bto = British lhermal unil 
GDP = Gross domestic product 
Note: Includes end-use, fossil electricity. and renewable technology assumptions Totals may not equal sum of components due to independent rounding Data for 2010 are 

Source: U S Energy Information Administration, AE02012 National Energy Modeling System runs LTRKITEN DO3 1312A, REF2012 DO201 12C, and HTRKITEN D032812A 
model results and may differ slightly from official EIA data reports 
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Table D3. Key results for transportation sector light-duty vehicle efficiency cases 

- 

Consumption and indicators 

- 
2015 2025 2035 

2010 CAFE CAFE CAFE 
Standards Reference Standards Standards Reference 

Reference 

Level of travel 
(billion vehicle miles traveled) 

Light-duty vehicles less than 8,501 pounds 
Commercial light trucks' 
Freight trucks greater than 10,000 pounds 

(billion seat miles available) 
Air 

(billion ton miles traveled) 
Rail 
Domestic shipping 

Energy efficiency indicators 
(miles per gallon) 

New car? 
New light truck' 

Tested new light-duty vehicle' 

Light-duty stock' 
New commercial light truck' 
Stock commercial light truck' 
Freight truck 

Aircraft 

Rail 
Domestic shipping 

(seat miles per gallon) 

(ton miles per thousand Btu) 

Energy use (quadri l l ion Etu) 

Light-duty vehicles 
Commercial light trucks' 
Bus transportation 
Freight trucks 
Rail, passenger 
Rail, freight 
Shipping, domestic 
Shipping. international 
Recreational boats 
Air 
Military LJSe 
Lubricants 
Pipeline fuel 

by  mode 

Total . I .  . 
by fuel 

Liquefied petroleum gases 

Distillate fuel oil' 
Residual fuel oil 
Other petroleum' 

Pipeline fuel natural gas 

Liquid hydrogen 

Liquid fuels and other petroleum 

Delivered energy . I I . I . . . . . . . . , . . . . I . . , 
Total 

Electricity related losse 
. . " .  . . ~. . . . . . . . . .  " . . . " .  

2662 
64 

234 

999 

1559 
522 

28 3 
33 3 
24 3 
20 4 
15 7 
14 4 
6 7  

62 3 

3 4  
2 4  

16 06 
0 55 
0 25 
4 82 
0 05 
0 45 
0 22 
0 86 
0 25 
2 52 
0 77 
0 14 
0 65 

27.59 

0 04 
0 00 

16 91 
3 07 
5 77 
0 90 
0 17 

26 88 
0 65 
0 04 
0 00 
0 02 

27.59 
0 05 

27.63 

2710 
70 

273 

1028 

1503 
549 

31 5 
36 4 
26 7 
21 5 
16 7 
15 2 
6 8  

62 8 

3 5  
2 4  

15 39 
0 58 
0 26 
5 51 
0 05 
0 43 
0 23 
0 87 
0 26 
2 55 
0 66 
0 13 
0 68 

27.60 

0 04 
0 01 

16 13 
3 03 
6 55 
0 91 
0 17 

26 83 
0 68 
0 06 
0.00 
0 03 

27.60 
0.05 

27.65 

2710 
70 

273 

1028 

1505 
549 

31 5 
36 4 
26 7 
21 5 
16 7 
15 2 
6 8  

62 8 

3 5  
2 4  

15 39 
0 58 
0 26 
5 51 
0 05 
0 44 
0 23 
0 87 
0 26 
2 55 
0 66 
0 13 
0 68 

27.60 

0 04 
0 01 

16 13 
3 03 
6 55 
0 91 
0 17 

26 83 
0 68 
0 06 
0 00 
0 03 

27.60 
0 05 

27.65 

3111 
83 

317 

1120 

1782 
604 

36 8 
41 2 
31 0 
25 6 
18 9 
18 0 
7 7  

65 2 

3 5  
2 5  

14 73 
0 58 
0 29 
5 66 
0 06 
0 51 
0 25 
0 88 
0 27 
2 71 
0 66 
0 14 
0 67 

27.40 

0 04 
0 30 

14 90 
3 19 
7 03 
0 93 
0 17 

26 57 
0 67 
0 11 
0 00 
0 04 

27.40 
0 08 

27.49 

3129 
83 

318 

1120 

1789 
604 

48 1 
55 6 
39 6 
27 5 
22 5 
19 0 
7 7  

65 2 

3 5  
2 5  

13 78 
0 55 
0 29 
5 67 
0 06 
0 51 
0 25 
0 88 
0 27 
2 71 
0 66 
0 14 
0 67 

26.44 

0 04 
0 44 

13 81 
3 19 
7 02 
0 93 
0 17 

25 60 
0 67 
0 11 
0 00 
0 05 

26.44 
0 10 

26.54 

3583 3650 
92 93 

345 346 

1208 1208 

1871 1878 
627 625 

37 9 49 0 
42 8 56 9 
31 5 39 8 
28 2 34 5 
19 1 23 3 
19 0 22 5 
8 1  8 1  

69 3 69 3 

3 5  3 5  
2 5  2 5  

15 46 12 84 
0 61 0 52 
0 31 0 31 
5 84 5 87 
0 06 0 06 
0 53 0 53 
0 25 0 25 
0 89 0 89 
0 29 0 29 
2 79 2 79 
0 74 0 74 
0 14 0 14 
0 69 0 68 

28.60 25.92 

0 05 0 04 
1 2 2  1 3 7  

14 53 1 1  82 
3 33 3 33 
7 44 7 31 
0 94 0 94 
0 17 0 17 

27 67 24 99 
0 69 0 68 
0 16 0 15 
0 00 0 00 
0 07 0 09 

28.60 25.92 
0 14 0 18 

28.75 26.1 1 

'Commercial trucks 8,500 to 10,000 pounds 
'Environmental Protection Agency rated miles per gallon 
'Combined car and light truck "on-the-road" estimate 
'E85 refers to a blend of 85 percent ethanol (renewable) and 15 percent motor gasoline (nonrenewable) To address cold starting issues, the percentage of ethanol varies 

51ncludes ethanol (blends of 15 percent or less) and ethers blended into gasoline 
'Includes only kerosene type 
'Diesel fuel for on- and off- road use. 
'Includes aviation gasoline and lubricants 
CAFE = Corporate average fuel economy 
Btu = British thermal unit 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from official EIA data reports, 
Source: I J  S Energy Information Administration, AE02012 National Energy Modeling System runs REF2012 DO201 12C and CAFEY DO321 12A 

seasonally The annual average ethanol content of 74 percent is used for this forecast 
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Sales, consumption, and efficiency 

- 

Table D4. Key results for HD NGV Potential case 

2015 2025 

Vehicle 
Vehicle Reference Potential 

Heavy Duty Heavy Duty 

Potential Reference Potential 

2010 Heavy OUty Natural Gas ';l,!!&" Natural Gas Vehicle Vehicle 
Reference 

Truck sales by size class (mill ions) 
Medium 

Diesel 
Motor gasoline 
Liquefied petroleum gases 
Natural gas 

Diesel 
Motor gasoline 
Liquefied petroleum gases 
Natural gas 

Heavy 

Consumption by  size class 
(quadril l ion Btu) . 

Medium 
Diesel 
Motor gasoline 
Liquefied petroleum gases 
Natural gas 

Diesel 
Motor gasoline 
Liquefied petroleum gases 
Natural gas 

Heavy 

New truck fuel efficiency by  size class 
(gasoline equivalent miles per gallon) 

Liquefied petroleum gases 
Natural gas 

Diesel 
Motor gasoline 
Liquefied petroleum gases 
Natural gas 

Heavy 

Stock fuel  efficiency by size class 
(gasoline equivalent miles per gallon) 

M ed iu m 
Diesel 
Motor gasoline 
Liquefied petroleum gases 
Natural gas 

Diesel 
Motor gasoline 
Liquefied petroleum gases 
Natural gas 

Heavy 

0.36 
0 21 
0 13 
0 07 
0 00 
0 00 
0 15 
0 15 
0 00 
0 00 
0 00 

4.82 
0 83 
0 56 
0 26 
0 01 
0 01 
3 99 
3 87 
0 11 
0 01 
0 00 

6.63 
11 92 
13 50 
10 13 
9 95 
9 17 
5 79 
5 79 
5 50 
5 15 
5 56 

6.66 
11 48 
13 87 
9 23 
8 67 
8 69 
6 05 
6 07 
5 36 
5 43 
5 51 

0.56 
0 29 
0 20 
0 08 
0 00 
0 00 
0 27 
0 26 
0 01 
0 00 
0 00 

5.50 
1 0 3  
0 72 
0 30 
0 01 
0 01 
4 47 
4 36 
0 09 
0 01 
0 01 

7.41 
13 42 
14 49 
10 49 
10 56 
9 99 
6 82 
6 85 
5 35 
5 58 
6 04 

6.83 
12 06 
13 89 
9 66 
9 59 
9 32 
6 16 
6 19 
5 34 
5 43 
5 75 

0.56 
0 29 
0 20 
0 08 
0 00 
0 01 
0 27 
0 25 
0 01 
0 00 
0 01 

5.51 
1 0 3  
0 71 
0 30 
0 01 
0 02 
4 48 
4 32 
0 09 
0 01 
0 06 

7.38 
13 34 
14 49 
10 49 
10 56 
9 99 
6 80 
6 85 
5 35 
5 58 
6 35 

6.82 
12 05 
13 89 
9 66 
9 59 
9 49 
6 16 
6 18 
5 34 
5 43 
6 06 

0.65 
0 33 
0 24 
0 08 
0 00 
0 01 
0 32 
0 30 
0 01 
0 00 
0 00 

5.66 
1 1 2  
0 79 
0 28 
0 01 
0 03 
4 55 
4 44 
0 08 
0 01 
0 02 

8.11 
15 06 
16 29 
11 87 
1211  
1 1  07 
7 46 
7 50 
5 45 
5 75 
6 40 

7.72 
13 90 
15 54 
10 82 
11 31 
10 85 
7 05 
7 09 
5 38 
5 62 
6 31 

0.65 
0 33 
0 20 
0 07 
0 00 
0 06 
0 32 
0 22 
0 01 
0 00 
0 08 

5.68 
1 12 
0 72 
0 27 
0 01 
0 12 
4 56 
3 82 
0 07 
0 01 
0 66 

7.88 
14 32 
16 29 
1 1  87 
12 11 
11 07 
7 29 
7 49 
5 45 
5 75 
6 87 

7.61 
13 60 
15 49 
10 79 
1 1  31 
10 95 
6 97 
7 04 
5 38 
5 62 
6 79 

0.80 
0 40 
0 28 
0 10 
0 01 
0 02 
0 40 
0 37 
0 02 
0 00 
0 01 

5.85 
1 1 5  
0 83 
0 26 
0 02 
0 05 
4 71 
4 57 
0 08 
0 01 
0 05 

8.22 
15 43 
16 37 
13 07 
13 39 
11 07 
7 58 
7 63 
5 46 
5 75 
6 42 

8.12 
14 99 
16 27 
12 35 
12 87 
11 05 
7 44 
7 50 
5 44 
5 71 
6 41 

0.81 
0 40 
0 21 
0 08 
0 01 
0 11 
0 40 
0 23 
0 01 
0 00 
0 16 

5 93 
1 1 6  
0 65 
0 21 
0 02 
0 28 
4 77 
3 11 
0 06 
0 01 
1 5 9  

7.82 
14 12 
16 35 
13 07 
13 39 
11 07 
7 29 
7 59 
5 46 
5 75 
6 95 

7.81 
14 04 
16 23 
12 30 
12 86 
11 06 
7 22 
7 44 
5 44 
5 71 
6 92 

'Includes lease condensate 
'Includes natural gas planl liquids, refinery processing gain, other crude oil supply, and slock withdrawals 
'Includes liquids, such as ethanol and biodiesel, derived from biomass, natural gas, and coal Includes nel imporls of ethanol and biodiesel 
- - = Not applicable 
Blu = British thermal unil 
Note: Totals may nol equal sum of componenls due lo independenl rounding Dala for 2010 are model resulls and may differ slighlly from official EIA dala reporls 
Sources: 20 10 dala based on: Oak Ridge Nalional Laboratory. Transporlalion Energy Dala Book Edilion 28andAnnual(Oak Ridge, TN. 2009); U S Deparlment o l  Commerce. 

Bureau of the Census, "Vehicle lnvenlory and Use Survey." EC02TV (Washington, DC, December 2004); Federal Highway Adminislralion. HfglJWay Sfafislics 2007 (Washinglon, 
DC. Oclober2008); U S Energy Informalion Adminislralion (EIA), AnnualEnergyReview2010, DOE/EIA-0384(2010) (Washington, DC, Oclober201 1); and EIA. AE02012 National 
Energy Modeling System run RFNGVIZ DO504 12A Projections: EIA, AE02012 Nalional Energy Modeling System runs RFNGV12 D050412A and NOSUBNGVlZ DO504 12A 
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Consumption and emissions 

Table D5. Energy consumption and carbon dioxide emissions for extended policy cases 

Extended I Reference I No Sunset I Policies I Reference I No Sunset I ::i!y:: I Reference I No Sunset I 2010 
I I I 2015 2025 2035 - 

Energy consumption by sector 
(quadrillion Btu) 

Residential 
Commercial 
Industrial' 
Transportation 
Electric poweP 

Total 

Energy consumption by fuel 
(quadrillion Btu) 

Liquid fuels and other petroleum3 
Natural gas 
Coal 
Nuclear I uranium 
Renewable energy4 
Othe? 

Total . . . . .  

Energy intensity (thousand Btu 
per 2005 dollar of GDP) " .  . . . . . " .  . " .  

Carbon dioxide emissions by sector 
(million metric tons) 

Residential 
Commercial 
Industrial' 
Transportation 
Electric power6 

Total . I I .  I I " . .  . . ~. I " . .  I .  . ~ ~ 

Carbon dioxide emissions by fuel 
(million metric tons) 

Petroleum 
Natural gas 
Coal 
Other' 

Total . . . . . . I I . , . I . . . l . . . . . I _ I . .  

Carbon dioxide emissions 
(tons per person) . I I I ". .  . . . . I " . .  . . . 

1 1  66 
8 70 

23 37 
27 59 
39 63 
98.16 

37 25 
24 71 
20 76 

8 44 
6 72 
0 29 

98.16 

7.50 

353 
229 
909 

1872 
227 1 
5634 

2349 
1283 
1990 

12 
5634 

18.1 

11 24 
8 80 

23 96 
27 60 
38 64 
97.43 

36 72 
26 00 
17 80 
8 68 
7 92 
0 30 

97.43 

6.58 

338 
231 
963 

1864 
201 1 
5407 

2329 
1367 
1699 

12 
5407 

16.6 

11 21 
8 79 

23 95 
27 59 
38 60 
97.35 

36 72 
25 98 
17 84 
8 68 
7 82 
0 30 

97.35 

6.58 

337 
23 1 
962 

1864 
2015 
5409 

2329 
1366 
1702 

12 
5409 

16.6 

1 1  22 
8 78 

23.96 
27.59 
38.53 
97.30 

36.71 
26.00 
17.82 
8 68 
7 79 
0 30 

97.30 

6.58 

338 
231 
963 

1863 
2012 
5407 

2328 
1367 
1700 

12 
5407 

16.6 

11 51 
9 48 

25 53 
27 40 
42 03 

101.99 

36 58 
26 14 
20 02 

9 60 
9 38 
0 28 

101.99 

5.32 

324 
237 
992 

1820 
2179 
5552 

2261 
1374 
1906 

12 
5552 

15.5 

11 34 
9 49 

25 73 
27 43 
41 63 

101.78 

36 57 
25 93 
19 96 
9 60 
9 45 
0 27 

101.78 

5.30 

322 
238 
993 

1813 
2161 
5526 

2251 
1363 
1901 

12 
5526 

15.4 

11 03 
9 20 

25 42 
26 41 
40 45 
99.1 1 

35 44 
25 52 
19 27 
9 50 
9 10 
0 27 

99.11 

5.1 6 

319 
232 
983 

1749 
2084 
5367 

2180 
1341 
1835 

12 
5367 

15.0 

1 1  93 
10 28 
26 94 
28 60 
44 24 

106.93 

37 70 
27 26 
21 15 

9 28 
11 29 
0 24 

106.93 

4.36 

312 
246 

101 1 
1859 
2330 
5758 

2300 
1435 
2012 

12 
5758 

14.8 

11 58 
10 31 
26 99 
28 57 
43 95 

106.64 

37 62 
26 37 
20 59 

9 16 
12 66 
0 24 

106.64 

4.35 

307 
248 

1016 
1853 
222 1 
5645 

2289 
1387 
1957 

12 
5645 

14.5 

10 92 
9 79 

26 60 
25 42 
42 24 

100.79 

34 20 
25 42 
19 82 
9 05 

12 05 
0 24 

100.79 

4.1 1 

293 
236 
99 1 

1642 
2133 
5295 

206 1 
1337 
1885 

12 
5295 

13.6 

'Includes energy for combined heat and power plants, except those whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes petroleum-derived fuels and non-petroleum derived fuels, such as ethanol and biodiesel, and coal-based synthetic liquids Petroleum coke, which is a solid, is included. 

Also included are natural gas plant liquids, crude oil consumed as a fuel, and liquid hydrogen 
'Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; biogenic municipal solid waste; other biomass; wind; photovoltaic and 

solar thermal sources; and non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline components of 
E85, but not the ethanol component of blends less than 85 percent Excludes electricity imports using renewable sources and nonmarketed renewable energy 

51ncludes non-biogenic municipal waste and net electricity imports 
'Includes electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes emissions from geothermal power and nonbiogenic emissions from municipal solid waste 
Btu = British thermal unit 
GDP = Gross domestic product 
Note: Includes end-use, fossil electricity, and renewable technology assumptions Totals may not equal sum of components due to independent rounding Data for 2010 are 

Source: U S Energylnformation Administration, AE02012 National Energy Modeling System runs REF2012 DO201 12C, NOSUNSET DO321 12A, andEXTENDED D050612B 
model results and may differ slightly from official EIA data reports 
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2010 Net summer capacity, generation, 
consumption, and emissions 

Table D6. Electricity generation and generating capacity in extended policy cases 
(gigawatts, unless otherwise noted) 

2015 2025 2035 

Reference No Sunset I E$!!:~ Reference No Sunset1 Extended Policies Reference INo Sunset1 F2izy:: 
Capaci ty.  ” .  ” ” ” , . .  . I  

Electric power sector’ 
Pulverized coal 
Coal gasification combined-cycle 
Conventional natural gas combined-cycle 
Advanced natural gas combined-cycle 
Conventional combustion turbine 
Advanced combustion turbine 
Fuel cells 
Nuclear / uranium 
Oil and natural gas steam 
Renewable sources 
Pumped storage 
Distributed generation 

Combined heat and power‘ 
Fossil fuels / other 
Renewable fuels 

Cumulative addi t ions “ 1  

Electric power sector‘ 
Pulverized coal 
Coal gasification combined-cycle 
Conventional natural gas combined-cycle 
Advanced natural gas combined-cycle 
Conventional combustion turbine 
Advanced combustion turbine 
Nuclear / uranium 
Renewable sources 
Distributed generation 

Combined heat and powe? 
Fossil fuels / other 
Renewable fuels 

Cumulative retirements . . . . . . . . , . . . . . . . , . 
Generation by fuel (bi l l ion kilowatthours) . I . I . 

Electric power sector’ 
Coal 
Petroleum 
Natural gas 
Nuclear / uranium 
Renewable sources 
Pumped storage 
Distributed generation 

Combined heat and powe? 
Fossil fuels / other 
Renewable fuels 

Average electr ici ty price 
(cents per kilowatthour) . . . . . ” . .  . . . . . . . . . . 

1036.1 
1006 5 
312 8 

0 5  
198 0 

0 0  
137 6 

0 0  
0 0  

101 2 
108 1 
126 1 
22 2 

0 0  
29 6 
22 0 

7 6  

0.0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0.0 

41 26 
397 1 
1831 

34 
898 
807 
395 

2 
0 

155 
122 
34 

9.8 

1042.0 
998 7 
280 7 

0 9  
212 4 

1 2  
136 3 

5 2  
0 0  

103 6 
90 7 

145 3 
22 2 

0 2  
43 3 
25 7 
17 6 

69 8 
56 1 

8 7  
0 6  

14 5 
1 2  
5 0  
5 2  
1 1  

19 6 
0 2  

13 7 
3 7  

10 0 

65.2 

41 52 
3956 
1562 

26 
1028 
830 
508 

2 
0 

197 
142 
55 

9.7 

1020.7 
977 3 
271 7 

0 9  
212 4 

1 0  
133 5 

3 7  
0 0  

103 6 
85 2 

143 0 
22 2 

0 1  
43 4 
25 7 
17 7 

65.8 
52 0 

8 7  
0 6  

14 5 
1 0  
5 0  
3 7  
1 1  

17 3 
0 1  

13 8 
3 8  

10 0 

82.5 

41 47 
3950 
1565 

26 
1030 
830 
498 

2 
0 

197 
142 
55 

9.8 

1011.3 
967 6 
264 2 

0 9  
212 5 

1 3  
133 0 

4 0  
0 0  

103 6 
84 2 

141 6 
22 2 

0 1  
43 7 
26 0 
17 7 

65.3 
51 2 

8 7  
0 6  

14 5 
1 3  
5 0  
4 0  
1 1  

15 9 
0 1  

14 1 
4 1  

10 0 

91.4 

41 42 
3944 
1563 

26 
1030 
830 
493 

2 
0 

198 
144 
55 

9.8 

1091.1 
1033 3 
272 8 

1 8  
213 5 

10 3 
132 3 
23 2 

0 0  
1147  
89 6 

152 1 
22 2 

0 8  
57 8 
34 4 
23 4 

126.7 
98 5 

8 7  
1 5  

15 8 
10 3 
5 0  

23 2 
6 8  

26 4 
0 8  

28 2 
12 4 
15 8 

78.9 

4556 
4279 
1741 

27 
1006 
91 7 
584 

2 
2 

277 
198 
78 

9.7 

1088.5 
1004 8 
265 8 

1 8  
213 0 

4 7  
129 7 

11 7 
0 0  

114 7 
83 3 

157 5 
22 2 
0 5  

83 7 
35 7 
48 0 

140.0 
85 9 

8 7  
1 5  

15 3 
4 7  
5 0  

1 1  7 
6 8  

31 8 
0 5  

54 1 
13 7 
40 3 

94.9 

4559 
4229 
1736 

27 
97 1 
917 
574 

2 
1 

330 
206 
124 

9.6 

1059.4 
976 6 
257 0 

1 7  
2 1 2 4  

2 4  
127 8 

6 8  
0 0  

1136  
81 4 

151 2 
22 2 

0 3  
82 8 

47 0 

124 8 
71 6 

8 7  
1 5  

14 7 
2 4  
5 0  
6 8  
6 8  

25 5 
0 3  

53 2 
13 9 
39 3 

108.8 

4427 
4106 
1673 

26 
938 
909 
557 

2 
1 

32 1 
206 
115 

35 a 

9.6 

1190.0 
11125 
273 6 

1 7  
218 8 

53 4 
130 3 
41 5 

0 0  
1109 
87 9 

170 2 
22 2 

2 1  
77 5 
47 0 
30 6 

235.0 
187 1 

9 4  
1 5  

21 1 
53 4 
5 0  

41 5 
8 5  

44 5 
2 1  

47 9 
25 0 
22 9 

88.4 

4992 
4586 
1834 

28 
1196 
887 
634 

2 
4 

406 
281 
125 

10.1 

1232.9 
1098 0 
265 7 

215 7 
20 5 

129 2 
24 9 

0 0  
109 3 
83 1 

224 4 
22 2 

1 3  
134 9 
49 9 
85 0 

290.9 

8 7  
1 5  

18 0 
20 5 

5 0  
24 9 

6 9  
98 7 

1 3  
105 3 
27 9 
77 4 

101.3 

5004 
4498 
1781 

28 
1030 
875 
780 

2 
2 

506 
298 
208 

3 1 7  

185 6 

9.9 

1167.6 
1032 8 
256 9 

1 5  
213 6 

8 4  
126 8 

10 2 
0 0  

108 1 
80 6 

203 8 
22 2 

0 5  
134 9 
49 6 
85 3 

240.4 
135 2 

8 7  
1 5  

15 9 
8 4  
5 0  

10 2 
6 8  

78 1 
0 5  

105 3 
27 6 
77 7 

116.2 

481 3 
4310 
171 1 

27 
976 
865 
728 

2 
1 

502 
294 
208 

9.6 

‘Includes eleclricily-only and combined heal and power planls whose primary business is lo sell eleclricily or eleclricily and heal lo lhe public Includes small power producers 
and exempt wholesale generalors 

’Includes combined heal and power planls and eleclricily-only planls in [he commercial and induslnal secfors lncludes small on-sile generating sysfems in the residenlial 
commercial and induslrial sectors used primarily for own-use generalion bul which may also sell some power lo lhe grid Excludes off-grid pholovollaics and olher generators not 
connecled lo lhe distribution or transmission systems 

Nole Totals may nol equal sum of componenls due lo independent rounding Dala for 2010 are model results and may differ slighlly from ofncial EIA dala reporls 
Source U S Energy lnformalion Adminislralion AE02012 Nalional Energy Modeling System runs REF2012 DO201 12C NOSUNSET DO321 12A and EXTENDED D050612B 
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Table D7. Key results for advanced nuclear plant life cases 
(gigawatts, unless otheiwise noted) 

-. 
Net summer capacity, generation, 

emissions, and fuel prices 

2015 2025 2035 

2010 Low High Low High Low High 1 Nuclear Nuclear lReference I Nuclear Nuclear Reference Nuclear 
Nuclear Reference 

Net summer capacity, generation, 
emissions, and fuel prices 

Capacity 
Coal steam 
Oil and natural gas steam 
Combined cycle 
Combustion turbine I diesel 
Nuclear I uranium 
Pumped storage 
Fuel cells 
Renewable sources 
Distributed generation (natural gas) 
Combined heat and power' 

Total . . .  

~ 

2015 2025 2035 

2010 Low High Low High Low High 1 Nuclear Nuclear lReference I Nuclear Nuclear Reference Nuclear 
Nuclear Reference 

Cumulative addit ions 
Coal steam 
Oil and natural gas steam 
Combined cycle 
Combustion turbine I diesel 
Nuclear I uranium 
Pumped storage 
Fuel cells 
Renewable sources 
Distributed generation 
Combined heat and power' 

Total . . . . . . . . . . . . . . . . . . . . . . . .  

Cumulative ret irements . . . . . . . . . . . . . . .  

Generation by fuel (bil l ion ki lowatthours) 
Coal 
Petroleum 
Natural gas 
Nuclear I uranium 
Pumped storage 
Renewable sources 
Distributed generation 
Combined heat and power' 

Total ............................... 

Carbon dioxide emissions by the electric 
power sector (mill ion metric tons)2 

Petroleum 
Natural gas 
Coal 
Othe? 

Total ............................... 
Prices t o  the electric power sector' 
(2010 dollars per mi l l ion Btu) 

Petroleum 
Natural gas 
Coal 

313 4 
108 1 
198 0 
137 6 
101 2 
22 2 

0 0  
126 1 

0 0  
29 6 

1036.1 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0.0 

0.0 

1831 
34 

898 
807 

2 
395 

0 
155 

4124 

33 
399 

1828 
12 

2271 

13 32 
5 14 
2 26 

280 7 
88 2 

212 6 
138 1 
103 1 
22 2 

0 0  
145 4 

0 1  
43 4 

1033.8 

9 3  
0 0  

14 7 
8 6  
1 1  
0 0  
0 0  

19 7 
0 1  

13 8 
67.2 

70.4 

1570 
26 

1022 
826 

2 
508 

0 
197 

41 51 

23 
436 

1547 
12 

2017 

22 93 
4 52 
2 36 

281 6 
90 7 

213 6 
141 5 
103 6 
22 2 

0 0  
145 3 

0 2  
43 3 

1042.0 

9 3  
0 0  

15 7 
10 2 

1 1  
0 0  
0 0  

19 6 
0 2  

13 7 
69.8 

65.2 

1562 
26 

1028 
830 

2 
508 

0 
197 

41 52 

23 
438 

1539 
12 

201 1 

22 93 
4 55 
2 35 

281 3 
91 0 

213 8 
141 3 
103 6 
22 2 
0 0  

145 0 
0 2  

43 3 
1041.6 

9 3  
0 0  

15 9 
10 2 
1 1  
0 0  
0 0  

19 3 
0 2  

13 7 
69.7 

65.4 

1565 
26 

1026 
830 

2 
507 

0 
197 

41 52 

23 
437 

1543 
12 

2014 

22 94 
4 54 
2 35 

273 4 
87 0 

224 1 
150 8 
108 2 
22 2 

0 0  
153 2 

0 7  
57 8 

1077.4 

10 2 
0 0  

26 4 
25 7 

6 8  
0 0  
0 0  

27 5 
0 7  

28 2 
125.5 

85.0 

1760 
27 

1029 
866 

2 
585 

2 
277 

4547 

24 
435 

1737 
12 

2207 

25 38 
5 70 
2 54 

274 7 
89 6 

223 8 
155 5 
114 7 
22 2 
0 0  

152 1 
0 8  

57 8 
1091.1 

10 2 
0 0  

26 1 
28 2 

6 8  
0 0  
0 0  

26 4 
0 8  

28 2 
126 7 

78 9 

1741 
27 

1006 
917 

2 
584 

2 
277 

4556 

24 
427 

1717 
12 

21 79 

25 38 
5 60 
2 54 

275 3 
89 4 

219 0 
155 4 
121 4 
22 2 
0 0  

151 4 
0 8  

58 0 
1093.0 

10 2 
0 0  

21 3 
28 0 
13 5 
0 0  
0 0  

25 7 
0 8  

28 4 
127.9 

78.3 

1727 
27 

972 
970 

2 
585 

2 
278 

4562 

24 
415 

1703 
12 

21 54 

25 38 
5 46 
2 53 

276 2 
84 5 

279 8 
168 1 
77 9 
22 2 

0 0  
175 7 

1 7  
78 6 

11 64.8 

13 2 
0 0  

82 1 
44 7 

6 8  
0 0  
0 0  

50 0 
1 7  

49 0 
247.5 

119.6 

1853 
28 

1361 
625 

2 
653 

3 
412 

4936 

24 
545 

1823 
12 

2404 

26 53 
8 03 
2 81 

275 2 
87 9 

272 2 
171 8 
110 9 
22 2 
0 0  

170 2 
2 1  

77 5 
1190.0 

10 9 
0 0  

74 5 
46 5 

8 5  
0 0  
0 0  

44 5 
2 1  

47 9 
235.0 

88.4 

1834 
28 

1196 
887 

2 
634 

4 
406 

4992 

25 
485 

1809 
12 

2330 

26 31 
7 21 
2 80 

275 4 
86 9 

257 3 
172 6 
122 7 
22 2 
0 0  

167 4 
2 1  

77 4 
1183.9 

10 4 
0 0  

59 6 
46 0 
14 8 
0 0  
0 0  

41 7 
2 1  

47 7 
222.4 

81.9 

1822 
28 

1136 
979 

2 
632 

4 
404 

5006 

25 
467 

1798 
12 

2301 

26 13 
7 00 
2 78 

'Includes combined heat and power plants and electricity-only plants in commercial and industrial sectors. Includes small on-site generating systems in the residential, commercial, 
and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid. Excludes off-grid photovoltaics and other generators not connected 
to the distribution or transmission systems 

'Includes electricity-only and combined heat and power plants whose primary business to sell electricity, or electricity and heat, to the public. 
'Includes emissions from geothermal power and nonbiogenic emissions from municipal solid waste 
Btu = British thermal unit 
Note: Totals may not equal sum of components due to independent rounding. Data for 2010 are model results and may differ slightly from offlcial EIA data reports 
Source: U S Energy Information Administration, AE02012 National Energy Modeling System runs LOWNUC12 D022312A, REF2012 DO201 12C, and HINUCl2 D022312A 
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Exhibit-R W-6 

Capacity, generation, and emissions 

Table D8. Key results for Low Renewable Technology Cost case 

2015 2025 2035 

2010 Low Renewable Reference Low Renewable Low Renewable 
bechnology Cost Reference 1 echnology Cost Reference echnology Cost 

Net summer capacity (gigawatts) 
Electric power sector' 

Conventional hydropower 
Geothermal2 
Municipal waste3 
Wood and other biomass" 
Solar thermal 
Solar photovoltaic 
Wind 

Total . . . . . I . I I . . . . I . . . . I I . "  

End-use sector5 
Conventional hydropower 
Geothermal 
Municipal waste6 
Wood and other biomass 
Solar photovoltaic 
Wind 

Total . . . . . . . . . . . .... . 
Generation (bil l ion kilowatthours) 

Electric power sector' 
Coal 
Petroleum 
Natural gas 

Conventional hydropower 
Geothermal 
Municipal waste' 
Wood and other biomass4 

Total fossil . . . I . .  . . . I " .  . . . . 

Dedicated plants 
Cofiring 

Solar thermal 
Solar photovoltaic 
Wind 

Total renewable . . . . . . . . 
End-use sector5 

Geothermal 
Municipal waste6 
Wood and other biomass 
Solar photovoltaic 
Wind 

* . .  

Carbon dioxide emissions by the 
electric power sector 
(mi l l ion metric tons)' 

Coal 
Petroleum 
Natural gas 

78 03 
2 37 
3 30 
2 45 
0 47 
0 38 

39 05 
126.06 

0 33 
0 00 
0 35 
4 56 
2 05 
0 36 
7.65 

j 831  
34 

898 
2764 

255 32 
15 67 
16 56 
1 1  51 
10 15 

1 3 6  
0 82 
0 46 

94 49 
394.82 

106 
1 7 6  

2 02 
26 10 

3 21 
0 47 

33.56 

0 00 

1828 
33 

399 
12 

2271 

78 55 
2 86 
3 36 
2 72 
1 36 
2 02 

54 46 
145.34 

0 33 
0 00 
0 35 
5 73 
8 98 
2 25 

17.64 

1562 
26 

1028 
2616 

295 43 
18 68 
14.66 
21 28 
10 13 
11 15 
2 86 
3 61 

150 97 
507.49 

123 
1 7 5  
0 00 
2 79 

33 30 
13 88 
2 88 

54.59 

1539 
23 

438 
12 

201 1 

78 76 
2 58 
3 36 
2 72 
1 3 6  
2 05 

61 41 
152.25 

0 33 
0 00 
0 35 
5 89 
9 19 
3 18 

18.95 

1547 
26 

1018 
2591 

296 17 
16 42 
14 66 
24 10 
12 58 
11 52 
2 86 
3 68 

174 49 
532.38 

123 
1 7 5  
0 00 
2 79 

34 27 
14 20 
3 92 

56.92 

1525 
23 

434 
12 

1993 

80 14 
4 45 
3 36 
2 72 
1 3 6  

57 77 
152.10 

2 30 

0 33 
0 00 
0 35 
8 44 

11 69 
2 60 

23.41 

1741 
27 

1006 
2774 

305 00 
31 53 
14 67 
63 90 
13 30 
50 60 

2 86 
4 37 

161 49 
583.81 

180 
1 7 5  
0 00 
2 79 

52 34 
18 22 
3 36 

78.45 

1717 
24 

427 
12 

21 79 

81 34 
4 37 
3 36 
2 82 
1 3 6  
5 12 

65 59 
163.96 

0 33 
0 00 
0 35 

10 52 
14 29 
4 06 

29.55 

1731 
27 

974 
2732 

310 24 
30 91 
14 67 
68 89 
12 84 
56 05 

2 86 
11 91 

188 46 
627.94 

177 
1 7 5  
0 00 
2 79 

67 01 
2 2 4 1  

5 09 
99.05 

1706 
24 

416 
12 

21 57 

81 25 
6 30 
3 36 
2 89 
1 36 
8 18 

66 85 
170.19 

0 33 
0 00 
0 35 

13 81 
13 33 
2 74 

30.57 

1834 
28 

1196 
3058 

310 08 
46 54 
14 67 
49 28 
10 37 
38 92 

2 86 
20 19 

190 67 
634.30 

262 
1 7 5  
0 00 
2 79 

96 17 
20 91 

3 56 
125.17 

1809 
25 

485 
12 

2330 

84 36 
6 82 
3 36 
4 31 
1 3 6  

34 27 
105 87 
240.35 

0 33 

0 35 
17 21 
23 29 

5 26 
46.43 

0 00 

1780 
28 

1037 
2846 

321 78 
50 89 
14 67 
78 41 
23 13 
55 28 
2 86 

84 04 
310 55 
863.20 

260 
1 7 5  
0 00 
2 79 

11846 
37 06 

6 78 
166.82 

1754 
25 

435 
12 

2225 

'Includes eleclricity-only and combined heal and power planls whose primary business is lo sell eleclricily, or eleclricily and heal, lo the public 
*Includes hydrolhermal resources only (hot waler and steam) 
'Includes all municipal wasle, landfill gas, and municipal sewage sludge Incremental growlh is assumed lo be for landfill gas facililies All municipal waste is included, allhough 

41ncludes projeclions for energy crops after 2010 
51ncludes combined heat and power planls and eleclricily-only planls in the commercial and induslrial sectors; and small on-sile generaling syslems in lhe residenlial. commercial, 

and induslrial sectors used primarily for own-use generalion. but which may also sell some power lo the grid Excludes off-grid pholovollaics and ollier generalors not connecled 
to lhe distribulion or transmission syslems 

'Includes municipal wasle, landfill gas, and municipal sewage sludge All municipal waste is included, allhough a porlion oflhe municipal wasle stream conlains petroleum-derived 
plastics and olher non-renewable sources 

'Includes biogenic municipal wasle, landfill gas, and municipal sewage sludge lncremenlal growlh is assumed lo be for landfill gas facililies 
'Represenls own-use induslrial hydroelectric power 
91ncludes emissions from geolhermal power and nonbiogenic emissions from municipal solid wasle 
Note: Totals may no1 equal sum of components due lo independent rounding Dala for 2010 are model results and may differ slighlly from official EIA dala reports 
Source: U S Energy lnformalion Adminislralion. AE02012 Nalional Energy Modeling Syslem runs REF2012 DO201 12C, and LORENCST12 D041312A 

a portion of the municipal wasle slream conlains petroleum-derived plastics and olher non-renewable sources 
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Exhibit-RW-6 

Reference 1 Reference 05 emissions, and fuel prices 
- 

Table D9. Key results for environmental cases 

- 
High EUR G:::tye I 

Capacity (gigawatts) 
Coal steam 
Oil and natural gas steam 
Combined cycle 
Combustion turbine I diesel 
Nuclear I uranium 
Pumped storage 
Renewable sources 
Distributed generation (natural gas) 
Combined heat and power' 

Total . . . . . " " " . . . . .  . " I . . . .  

Cumulative additions (gigawatts) 
Coal steam 
Combined cycle 
Combustion turbine I diesel 
Nuclear I uranium 
Renewable sources 
Distributed generation 
Combined heat and power' 

Total . .  .. 
Cumulative retirements (gigawatts) . . . . . .  
Generation b y  fuel  (bil l ion kilowatthours) 

Coal 
Petroleum 
Natural gas 
Nuclear I uranium 
Pumped storage 
Renewable sources 
Distributed generation 
Combined heat and power' 

Total . . . .  I .... . . . . . . . . . . . . "  .. " .  . .  

Emissions b y  the  electric power sector ' 
Carbon dioxide (million metric tons) 
Sulfur dioxide (million short tons) 
Nitrogen oxides (million short tons) 
Mercury (short tons) 

Retrofits (gigawatts) 
Scrubber 
Nitrogen oxide controls 

Cornbustion 
Selective catalytic reduction post-combustion 
Selective non-catalytic reduction post-combustion 

Prices to the electric power sector' 
(2010 dol lars per  million Btu) 

Natural gas 
Coal 

313 4 
108 1 
198 0 
137 6 
101 2 
22 2 

126 1 
0 0  

29 6 
1036.1 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0.0 

0.0 

1831 
34 

898 
807 

5 
395 

0 
155 

41 26 

2271 
5 11 
2.06 

34.70 

0 00 

0 00 
0 00 
0 00 

5 14 
2 26 

275 2 
87 9 

272 2 
171 8 
1109  
22 2 

170 2 
2 1  

77 5 
1190.0 

10 9 
74 5 
46 5 

8 5  
44 5 

2 1  
47 9 

235.0 

88.4 

1834 
28 

1196 
887 

2 
634 

4 
406 

4992 

2330 
1 7 1  
1 9 6  
7 86 

47 57 

7 97 
19 17 
0 71 

7 21 
2 80 

261 6 
86 5 

276 2 
173 9 
111 1 
22 2 

174 2 
2 0  

78 3 
I 1  86.0 

11 1 
78 4 
43 4 

8 7  
48 5 

2 0  
48 7 

240.8 

98.3 

1752 
27 

1253 
889 

2 
642 

4 
410 

4979 

2263 
1 68 
1 9 3  
7 57 

19 91 

6 08 
10 29 
0 71 

7 35 
2 77 

268 3 
88 1 

273 1 
181 5 
109 3 
22 2 

159 4 
5 2  

80 8 
I187 8 

10 2 
75 4 
52 1 

6 9  
33 7 

5 2  
51 2 

234.6 

90.2 

1748 
29 

1347 
875 

2 
60 1 

16 
426 

5044 

2310 
1 54 
1 9 3  
7 49 

52 97 

4 16 
13 44 
0 71 

6 03 
2 73 

254 2 
90 7 

285 6 
178 4 
109 3 
22 2 

165 3 
5 6  

81 2 
1192.5 

10 6 
87 9 
48 0 

6 9  
39 6 

5 6  
51 6 

250.2 

101.1 

1664 
28 

1404 
875 

2 
618 

16 
428 

5034 

2238 
1 5 7  
1 9 3  
7 15 

18 31 

1 5 1  
6 10 
0 71 

6 14 
2 70 

124 3 
81 9 

298 0 
154 7 
160 5 
22 2 

227 6 
0 3  

96 7 
1166.0 

10 2 
100 3 
38 9 
58 1 

101 9 
0 3  

67 0 
376.8 

254.1 

699 
24 

1351 
1268 

2 
888 

0 
512 

4743 

1228 
0 61 
0 85 
3 40 

30 07 

2 38 
7 67 
0 70 

9 37 
6 64 

39 1 
72 3 

312 7 
142 9 
225 0 

22 2 
257 6 

0 2  
105 2 

1177.3 

10 3 
1150 
24 7 

122 7 
131 9 

0 2  
75 6 

480.4 

346.6 

102 
21 

1306 
1782 

2 
876 

0 
545 

4634 

555 
0 15 
0 42 
0 91 

25 69 

2 38 
5 91 
2 50 

1 1  10 
9 45 

_ _ ~  

'Includes combined heat and power plants and electricity-only plants in commercial and industrial sectors includes small on-sitegenerating systems in the residential, commercial, 
and industrial sectors used primarily for own use generation, but which may also sell some power to the grid Excludes off-grid photovoltaics and other generators not connected 
to the distribution or transmission systems 

'Includes electricity-only and combined heat and power plants whose primary business to sell electricity, or electricity and heat, to the public 
ElJR = Estimated ultimate recovery 
Btu = British thermal unit 
Note Totals may no! equal sum of components due to independent rounding Data for 201 0 are model results and may differ slightly from official EIA data reports 
Source U S Energy Information Administration. AE02012 National Energy Modeling System runs REF2012 DO201 12C, REF12-RO5 D030712A, HEUR12 DO2221 2A, 

HEURlZ-ROS D022312A, C02FEE15 D031312A, and C02FEE25 D031312A 

U S Energy Information Administration 1 Annual Energy Outlook 2012 2 07 



Exhibit-RW-6 

Supply, disposition, and prices 

Table D10. Natural gas supply and disposition, oil and gas resource cases 
(trillion cubic feet per year, unless otherwise noted) 

2015 2025 2035 

High High 
EUR T R R  

2010 eference High High Low 
EUR I TRR EUR 

Natural gas prices 
(2010 dollars per million Btu) 

Henry Hub spot price 
Average lower 48 wellhead 

(2010 dollars per thousand 
cubic feet) 
Average lower 48 wellhead 

Dry gas production’ . I .  
Lower 48 onshore 

Associated-dissolved 
Non-associated 

Tight gas 
Shale gas 
Caalbed methane 
Other 

Lower 48 offshore 
Associated-dissolved 
Non-associated 

Alaska 
Supplemental natural gas3 

Net imports . ” . .  
Pipeline4 
Liquefied natural gas 

Total supply . . . . . . . . I I . 
Consumption by sector 

Residential 
Commercial 
Industrial5 
Electric powerG 
Transportation7 
Pipeline fuel 
Lease and plant fuel’ 

Total . . . . I I . . 

4.39 4 58 
4.06 4.10 

4.16 4.19 

21.58 22.80 
18 66 20 62 
1 4 0  147  

1726 19 15 
5 6 8  6 13 
4 9 9  7 3 5  
199  1 8 5  
4 5 9  381  
2 5 6  1 8 9  
071  055  
1 85 134  
036  0 2 9  
007  0 0 6  

2.58 1.77 
2.21 1.61 
0.37 0.17 

24.22 24.64 

4 9 4  4 8 3  
320  3 3 0  
660  6 9 9  
7 3 8  7 4 0  
0 0 4  0 0 6  
0 6 3  0 6 6  
134 1 3 5  

24.13 24.59 

0.10 0.05 

Lower 48 end of year reserves 260.50 265.85 

4 2 9  394  310  6 9 3  5 6 3  4 7 7  3 4 5  8 2 6  737  
384 354  280  611  5 0 0  4 2 6  311  724  648  

394  3 6 2  287 6 2 5  5 1 2  4 3 6  3 1 9  741  664  

23.65 
21 48 

1 52 
19 96 
6 08 
8 24 
1 8 3  
3 82 
1 8 8  
0 55 
1 3 3  
0 29 
0 06 

24.38 
22 20 

1 5 8  
20 62 

6 01 
8 99 
180  
3 82 
1 88 
0 55 
1 3 3  
0 29 
0 06 

26.54 
24 37 

170 
22 68 
5 88 

1 1  24 
1 74 
3 82 
1 87 
0 55 
1 32 
0 29 
0 06 

24.25 26.28 
21 48 2364 

131  141 
20 17 2223 
6 4 0  6 17 
8 8 8  1 1  26 
184 1 7 7  
3 0 4  3 0 3  
251  2 3 8  
071  0 6 7  
181 171  
0 2 5  0 2 5  
006  006  

27.81 
25 24 

1 5 0  
23 74 

6 02 
12 98 

1 7 3  
3 02 
2 31 
0 67 
1 6 5  
0 25 
0 06 

30 85 26.11 27.93 
2860 21 19 2497 

1 6 0  090  100 
2700 2028 2397 

5 8 6  6 3 0  614 
1644 974  1363 
169  1 8 0  176  
3 0 2  244  244 
199  3 12 272  
0 5 9  084  0 7 3  
140  2 2 8  200  
0 2 5  180 0 2 3  
0 0 6  006  006  

1.73 1.65 1.42 -0.39 -0.79 -1.06 -1.62 -1.16 -1.36 
156 149  127 022  -0 13 -040 -095 -050 -070 
0 16 0 16 0 15 -061 -066 -066 -066 -066 -066 

25.45 26.09 28.02 23.92 25.55 26.81 29.30 25.01 26.63 

4 8 5  4 8 8  494  4 6 9  4 7 6  4 8 2  4 9 2  4 5 9  
3 3 3  3 3 7  347  3 3 2  344 354  371  350  
701 7 0 7  7 2 0  6 9 6  7 1 4  7 2 6  751  6 8 5  
8 0 8  8 5 6  1007 674  7 8 7  8 7 8  1054 7 6 7  
006  0 0 6  006  011  0 1 1  0 12 0 12 015  
067  067  069  064  066  067  069  072  
1 3 9  1 4 3  1 5 5  144  1 5 3  160 1 78 154  

25.39 26.04 27.97 23 90 25.53 26.79 29 28 25.01 

4 64 
3 60 
7 00 
8 96 
0 16 
0 67 
160  

26.63 

0.05 0.05 0.05 0.02 0.02 0.02 0.02 -0.00 -0.00 

274.79 283.88 298.90 280.90 299.77 318.24 347.21 291.70 311.58 

5 9 9  4 2 5  
531  381 

5 4 3  3 9 0  

30 07 34.15 
27 19 31 66 

1 13 129 
2607 30 37 

5 9 3  5 7 6  
1601 2053 

I 7 0  166  
2 4 3  2 4 2  
264  227  
071  060  
1 9 3  167  
0 2 3  022  
0 0 6  006  

-1.73 -2.35 
-1.07 -1 69 
-0 66 -0 66 

28.40 31.86 

4 7 2  484  
3 7 5  3 9 7  
7 2 4  761  

10 13 1262 
0 1 7  0 1 8  
0 6 9  074  
170  191  

28.40 31.87 

-0.01 -0.01 

333.43 371 “70 

’Represenls lower 48 onshore and offshore supplies 
’Marketed produclion (wet) minus exlraction losses 
3Synlhelic natural gas, propane air. coke Oven gas, refinery gas, biomass gas, air injected for Blu slabilizalion, and manufactured gas commingled and dislribuled with natural 

“Includes any nalural gas regasified in lhe Bahamas and transported via pipeline lo Florida 
51ncludes energy for combined heal and power plants. except those whose primary business is lo sell electricity. or eleclricily and heat, to the public 
‘Includes consumption of energy by eleclricily-only and combined heal and power plank whose primary business is lo sell electricity. or eleclricity and heal. lo the plJbliC Includes 

7Nalural gas used as a vehicle fuel 
‘Represents natural gas used in field gathering and processing planl machinery 
%aIancing item Natural gas lost as a result of converling flow data measured al varying temperatures and pressures to a standard temperalure and pressure and lhe merger 

EUR = Estimated ultimate recovery 
TRR =Technically recoverable resources 
Note: Totals may not equal sum of componenls due lo independent rounding Data for 2010 are model resulls and may differ slightly from official EiA data reports 
Sources: 2010 supply values; lease. planl, and pipeline fuel consumption: and wellhead price: U S Energy Information Administralion (EIA). Nafural Gas Monfhly, DOE/EIA- 

0130(2011/07) (Washinglon, DC, July 201 1) Other 2010 consumption based on: EIA. Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington. DC, Oclober 201 1) 
Projections: EIA, AE02012 National Energy Modeling System runs LEURl2 D022212A, REF2012 DO201 12C, HEURlZ D022212A, and HTRR12 D050412A 

gas 

small power producers and exempt wholesale generators 

of different data reporting syslems which vary in scope, formal, definilion, and respondenl type In addition. 2010 values include net storage injections 
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Exhibit-RW-6 

Supply, disposition, and prices 

Table D11. Liquid fuels supply and disposition, oil and gas resource cases 
(inillion barrels per day, unless otherwise noted) 

2015 2025 2035 

2010 L~~ High High Low High High Low High High 1 EUR I TRR EUR peferencel EUR I TRR EUR peferencel EUR TRR 

Prices 
(2010 dollars per barrel) 

Low sulfur light crude oil' 
Imported crude oil1 

Crude oil supply 
Domestic production2 

Alaska 
Lower 48 onshore 
Lower 48 offshore 

Net imports 
Other crude oil supply 

Total crude oil supply . . . 
Other petroleum supply . . . . 

Natural gas plant liquids 
Net product imports' 
Refinery processing gain4 
Product stock withdrawal 

Other non-petroleum supply . 
From renewable s o ~ ~ r c e s ~  
From non-renewable sources' 

Total primary supply' ~ I I I . . . 

Refined petroleum products 
supplied 

Residential and commercial 
Industrial' 
Transportation 
Electric powerg 

Total . I . I . . . . . . . . I 

Discrepancy" . I " .  I . . . I I .  . , 
Lower 48 end of year reserves 
(billion barrels)* . . I . I , , , . . . 

7 9 3 9  11784 
7 5 8 7  11490 

5 4 7  5 9 1  
0 6 0  0 4 6  
3 2 1  3 8 5  
1 6 7  1 6 0  
9 17 8 8 0  
0 0 8  0 0 0  

14.72 1471 

3.50 3.17 
2 0 7  2 4 3  
0 3 9  - 0 2 0  
1 0 7  0 9 4  

- 0 0 3  0 0 0  
1.00 1.22 
0 8 7  1 0 5  
0 1 3  0 1 7  

19.22 19.10 

1 12 1.00 
4 3 1  4 17 

1382  1378  
0.17 0 13 

19.17 19.07 

0.05 0.03 

18.33 19.39 

116 91 
113 97 

6 15 
0 46 
4 09 
1 6 0  
8 52 
0 00 

14.67 

3.25 
2 56 

-0 25 
0 95 
0 00 
1.22 
1 0 5  
0 17 

19.14 

1 0 0  
4 17 

13 80 
0 13 

19.10 

0.05 

20.55 

116 11 
113 17 

6 38 
0 46 
4 32 
1 60 
8 28 
0 00 

14.65 

3.33 
2 68 

-0 30 
0 94 
0 00 
1.22 
1 0 5  
0 17 

19.20 

1 00 
4 19 

13 82 
0 13 

19.14 

0.06 

21 "66 

113.74 13454 
110.80 12399 

7 0 9  5 8 2  
0 4 6  0 4 0  
5 0 4  3 7 7  
1 5 9  1 6 5  
7 5 7  7 8 7  
0 0 0  0 0 0  

14.66 13.69 

3.40 3.66 
2 9 7  2 6 7  

-054  0 08 
0 9 7  0 9 0  
0 0 0  0 0 0  
1 22 1.87 
1 0 5  1 4 8  
0 16 0 3 8  

19.27 19.21 

1 0 0  0 9 3  
4 19 4 3 8  

1388  1366  
0 1 3  0 1 4  

19.21 19.11 

0.07 0.10 

23.49 21.36 

132 56 
121 21 

6 40 
0 40 
4 43 
1 57 
7 24 
0 00 

13.64 

3.80 
3 01 

-0 12 
0 91 
0 00 
1.86 
1 4 8  
0 38 

19.29 

0 94 
4 41 

13 71 
0 14 

19.20 

0.10 

23.64 

130.60 12797 14678 
11863 11577 13538 

6 9 5  7 6 9  5 4 9  
0 4 0  0 3 4  0 2 7  
5 0 0  5 9 8  3 2 2  
1 5 4  1 3 6  2 0 0  
6 6 8  5 8 9  8 12 
0 0 0  0 0 0  0 0 0  

13.63 13.58 13.61 

3.94 4.13 3.40 
3 2 7  3 9 1  2 6 6  

-0 24 -0 69 -0 12 
0 9 1  0 9 1  0 8 6  
0 0 0  0 0 0  0 0 0  
1.86 1.85 2.91 
1 4 8  1 4 9  2 3 3  
0 3 7  0 3 6  0 5 8  

19.42 19.56 19.91 

0 9 4  0 9 5  0 9 0  
4 4 4  4 4 6  4 4 1  

1379  1388 1437 
0 1 4  0 1 4  0 1 4  

19.31 19.44 19.83 

0.11 0.12 0.09 

25.77 27.83 22.68 

144 98 
132 95 

5 99 
0 27 
3 99 
1 74 
7 52 
0 00 

13.51 

3.52 
3 01 

-0 34 
0 85 
0 00 
2.96 
2 37 
0 58 

19.99 

0 91 
4 44 

14 41 
0 14 

19.90 

0.09 

24.23 

143 27 
131 20 

6 62 
0 27 
4 67 
1 6 9  
6 90 
0 00 

13.52 

3.73 
3 33 

-0 43 
0 83 
0 00 
2.87 
2 32 
0 55 

20.1 1 

0 91 
4 46 

14 49 
0 15 

20.01 

0.11 

26.27 

139 78 
127 55 

7 76 
0 38 
5 97 
1 4 1  
5 65 
0 00 

13.40 

4.02 
4 04 

-0 89 
0 86 
0 00 
2.81 
2 27 
0 53 

20.23 

0 92 
4 47 

14 57 
0 14 

20.10 

0.12 

29.06 

'Weighted average price delivered to (1 S. refiners 
'Includes lease condensate 
'Includes net imports of finished petroleum products, unfinished oils, other hydrocarbons, alcohols, ethers, and blending components 
"The volumetric amount by which total output is greater than input due to the processing of crude oil into products which, in total, have a lower specific gravity than the crude oil 

'Includes ethanol (including imports), biodiesel (including imports). pyrolysis oils, biomass-derived Fischer-Tropsch liquids, and renewable feedstocks for the production of green 

'Includes alcohols, ethers, domestic sources of blending components, other hydrocarbons, natural gas converted to liquid fuel, and coal converted to liquid fuel 
'Total crude supply plus natural gas plant liquids, other inputs, refinery processing gain, and net product imports 
'Includes consumption for combined heat and power, which produces electricity and other useful thermal energy 
%eludes consumption of energy by electricity-only and combined heat and power plants whose primary business is to sell electricity. or electricity and heat, to the public Includes 

'OBalancing item Includes unaccounted for supply, losses and gains 
EUR = Estimated ultimate recovery 
TRR = Technically recoverable resources 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from official EIA data reports 
Sources: 2010 product supplied data and imported crude oil price based on: (J.S. Energy Information Administration (EIA), AnnualEnergy Review 2010, DOE/EJA-0384(2010) 

(Washington, DC, October 201 1)  2010 imported low sulfur light crude oil price: EIA, Form EIA-856, "Monthly Foreign Crude Oil Acquisition Report" Other 2010 data: EIA, 
Pefroleum Supply Annual 2010, DOE/EIA-0340(2010)/1 (Washington, DC, July 201 1). Projeclions: EIA, AE02012 National Energy Modeling System runs LEURIZ D022212A, 
REF2012 D020112C. HEUR12 D0222124, and HTRR D050412A 

processed 

diesel and gasoline 

small power producers and exempt wholesale generators 
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Ex11 i b i t-RW - 6 

Table D12. Volumetric and mass representations of liquid fuels production cases 
(volume in inillioii barrels per day, inass in billion tons, unless otherwise noted) 

Supply and disposition 

Primary feedstocks' 
Crude oil2 15 36 0 83 15 37 14 87 0 83 14 05 13 73 0 78 
Natural gas3 0 00 0 00 0 00 0 00 0 00 0 00 2 95 0 03 
Natural gas plant liquids4 1 9 1  0 07 2 16 1 2 1  0 09 3 01 0 30 0 11 
Coal5 0 00 0 00 0 00 0 00 0 00 0 28 0 27 0 09 
BiomassG 0 10 0 01 0 92 13 99 0 14 2 37 14 64 0 31 

Total primary feedstocks . . . . I . . . . . 17.37 0.91 18.45 - -  1 0 6  19 71 -. 1.32 

Refined products'  
Residual fuel oil 0 91 
Middle distillates' 2 55 
Biodiesel' 0 00 
Gasoline blendstocks9 8 37 
Ethanol" 0 10 
Chemicals" 2 62 
Solid products'2 _ _  
Fuel consumption and other" _ -  

Total refined products 14.55 

End use products 
Residual fuel oil 0 91 
Heating 0 1 1 ' ~  1 1 7  
Diesel 2 55 
Jet fuel 1 73 
Motor Gasoline" 8 47 
E85" 0 00 
Liquefied petroleum gases 2 43 
Chemical feedstocks" 0 40 
Agricultural p r o d ~ c t s ' ~  _ _  
Biomass heat and powe? _ _  
Othe?' 1 9 1  

19.57 Total end use products . . . . . . . . I " .  . . 

0 04 
0 26 
0 00 
0 37 
0 00 
0 10 
0 05 
0 10 
0.91 

0 04 
0 03 
0 16 
0 08 
0 38 
0 00 
0 02 
0 07 
0 00 
0 00 
0 04 
0.82 

0 47 0 52 0 03 0 58 0 58 
3 21 5 90 0 30 3 73 6 69 
0 05 0 02 0 00 0 13 0 01 
7 84 8 57 0 41 6 94 7 73 
0 86 0 95 0 05 1 6 5  1 6 1  
2 11 2 17 0 05 2 10 3 20 

- _  _ _  0 07 
- _  0 00 0 15 0 00 0 00 

14.54 18.13 1.06 15.13 19.82 

_ _  - -  

0 47 0 50 
0 62 0 53 
3 27 3 40 
1 44 151  
8 76 9 29 
0 00 0 00 
2 26 0 46 
0 33 1 7 0  

- -  _ _  
1.89 0.34 

19.04 17.73 

0 03 0 58 
0 03 0 37 
0 17 4 11 
0 08 1 6 1  
0 44 8 09 
0 00 0 83 
0 01 2 21 
0 06 0 57 
0 05 _ -  
0 00 _ _  
0 02 1 7 9  
0.89 20.16 

0 57 
0 37 
4 19 
1 6 7  
8 32 
0 84 
0 74 
2.47 

- -  
0 36 

19.53 

0 03 
0 34 
0 00 
0 37 
0 08 
0 08 
0 08 
0 34 
1.32 

0 03 
0 02 
0 21 
0 08 
0 40 
0 04 
0 01 
0 06 
0 06 
0 02 
0 02 
0.95 

'Includes domestic produclion and nel imporls 
'Includes unfinished oils and lease condensale 
'Nalural gas that remains afler the liquefiable hydrocarbon porlion has been removed from Ihe gas stream at lease and/or plant separation facilities Volume in billion cubic feel 

'Liquids in lhe natural gas production slream lhal slay in gaseous form al the surface and are separated ala gas processing plan1 Once exlracled. these liquids are separated 

'Coal inpul to the coal-to-liquids process Volume in million barrels per day fuel oil equivalent 
'Biological malerial from living, or recenlly living organisms such as grain crops, sugars, cellulosic biomass, or renewable oils Volume in million barrels per day fuel oil equivalenl 
71ncludes all fuels lhat meel ASTM D396 and D975 (#4 and lighter) and D1655/D6615, including lhose derived from fossil and renewable feedslock 
'Methyl ester based fuel produced from fatty acids in renewable oils 
'Includes all blendslocks lhal meet ASTM D4814, including lhose derived from fossil and renewable feedslock 
'Olncludes denaturant 
"Includes liquefied pelroleum gases and pelrochemical feeslocks 
"Includes petroleum coke, dislillers grains, sulfur, and asphalt sales 
"Includes fuels burned for internal use, heat and power sales, solid waste, and process emissions 
"A dislillate fuel oil for use in alomizing type burners for domeslic healing or for use in medium capacity commercial.industriaI burner unils 
"For on-road use 
"Includes elhanol and ethers blended into molor gasoline 
"E85 refers to a blend of 85 percent elhanol (renewable) and 15 percent molor gasoline (nonrenewable) To address cold slarting issues, lhe percentage of elhanol varies 

"Includes pelrochemical feedstocks and chemicals from Fischer-Tropsch processes, such as coal-lo-liquids, biomass-lo-liquids. and natural gas-lo-liquids 
"Non-liquid co-producls for use in the agricultural seclor Includes dried disliller grains 
'nHeat and power generated from the burning of residual biomass 
2'includes petroleum coke, asphalt. road oil, and still gas 
-. = Not applicable 
PMM = Pelroleum market module 
LFMM = Liquid fuels markel module 
Nole: PMM and LFMM projeclions do not exaclly match due lo differences in accounling for additional malerials and updated refinery stream representalions Tolals may not 

equal sum of componenls due lo independent rounding Data for 2000 are model results and may differ slighlly from official EIA data reports 
Sources: 2000 product supplied data and imported crude oil price based on: U S Energy Information Administration (EIA). AnnualEnergy Review 2070, DOE/EIA-0384(2010) 

(Washinglon, DC, October 201 1) 2000 crude oil production: EIA. Petroleum Supply Annual 2001, DOE/EIA-0340(2001)/1 (Washington, DC. June 2002) Other 2000 dala: EIA, 
Petroleum SupplyAnnual2000, DOElEIA-0340(2000)/1 (Washinglon. DC, June 2001) Projections: EIA. AE02012 National Energy Modeling Syslem runs REF2012 DO201 12C, 
and REF-LFMM D050312A 

per day 

inlo distincl products, or "fraclions", such as propane, butane, and elhane 

seasonally The annual average ethanol content of 74 percent is used for this forecasl 
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Exhibit-RW-6 

Supply, disposition, and prices 

Table D13. Key results for No GHG Concern case 
(niillion short tons per year, unless otlieiwise noted) 

I 

2010 No GHG 
Reference Concern Reference 

Concern 

I I 2015 I 2025 I 2035 

Production’ . . . . . . . . . . . . . . . . .  
Appalachia 
Interior 
West 

Waste coal supplied’ 

Total supply4 

Consumption by sector  

Net imports3 . . . . . . . . . . . . . .  . . . . . .  

Residential and commercial 
Coke plants 
Other industrial5 
Coal-to-liquids heat and power 
Coal-to-liquids liquids production 
Electric power‘ 

Total coal use . . . . . . . . . . . . . . . . . .  
Average minemouth price’ 
(2010 dollars per short ton) 
(2010 dollars per million Btu) 

Delivered prices’ 
(2010 dollars per short ton) 

Coke plants 
Other industrial5 
Coal to liquids 
Electric power‘ 
(2010 dollars per short ton) 
(2010 dollars per million Btu) 

Average . . . . . . . . . . . . . . . . . . . . . . . . .  
Exportsg 

Cumulative electricity generating 
capacity additions (gigawatts)” 

Coal 
Conventional 
Advanced without Sequestration 
Advanced with sequestration 
End-use generators” 

Petroleum 
Natural gas 
Nuclear I uranium 
Renewables ’2 

Liquids from coal (million barrels per day) 

1084 
336 
156 
592 

14 

1034 
-64 

3 
21 
52 
0 
0 

975 
1051 

35 61 
1 76 

153 59 
59 28 _ _  

44 27 
2 26 

47.17 
120 41 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0.0 

0 00 

993 
300 
151 
542 

15 
-95 
914 

3 
22 
50 
0 
0 

914 
a39 

42 oa 
2 oa 

189 1 1  

la 65 
70 14 

45 17 
2 35 

49.95 
140 a9 

91 

06 
00 
-0 1 
01 
29 1 
1 1  
29 6 

69.8 

0 00 

a7 

o a  

1016 
30 1 
156 

18 
-97 
936 

558 

3 
22 
50 

0 
0 

936 
a61 

41 a3 
2 07 

iaa 05 

la 62 
70 04 

44 94 
2 34 

49.60 
140 22 

91 

06 
00 
-0 1 
01 

1 1  
29 3 

68.4 

0 00 

a7 

28 o 

o a  

1118 
27 1 
163 

16 

1064 

684 

-71 

3 
19 
52 
19 

952 
1063 

ia 

44 05 
2 23 

212 ia 
72 77 
39 03 

48 13 
2 54 

51 “90 
163 43 

13 5 

06 
09 
34 
01 
63 3 
68 
42 2 

126.7 

0 17 

a7 

o a  

1169 
263 
173 
733 

16 
-57 

1128 

3 
19 
52 
47 
44 
962 

1127 

43 14 
2 21 

212 06 
73 23 
36 06 

48 40 
2 55 

51.28 
163 15 

ia 4 
91 
07 
09 

01 
61 4 
68 
41 3 

128.8 

78 

o a  

o 38 

1212 
29 1 

722 
19 

-94 
1138 

198 

3 
17 
53 
34 
32 

1137 
998 

50 52 
2 56 

238 32 
78 53 
41 54 

53 31 

56.48 
177 66 

2 a0 

16 6 
94 
06 
09 
56 
01 

141 6 

67 4 

235.0 

a 5  

o a  

o 28 

1339 
30 1 
216 

24 
-88 

1276 

a22 

3 
17 
53 
90 
a5 

1028 
1276 

49 aa 
2 54 

237 a6 
79 aa 
43 46 

55 05 

56.89 
176 61 

2 a7 

39 9 

20 
09 
15 2 
0 1  

74 

21 a 

128 9 

58 2 
o a  

235.3 

0 73 

’Includes anthracite, bituminous coal, subbituminous coal, and lignite 
’Includes waste coal consumed by the electric power and industrial sectors Waste coal supplied is counted as a supply-side item to balance the same amount of waste coal 

’Excludes imports to Puerto Rico and the U S Virgin Islands 
“Production plus waste coal supplied plus net imports 
’Includes consumption for combined heat and power plants, except those plants whose primary business is to sell electricity, or electricity and heat, to the public Excludes all 

‘Includes all electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
’Includes reported prices for both open market and captive mines 
‘Prices weighted by consumption tonnage; weighted average excludes residential and commercial prices, and export free-alongside-ship (fa s ) prices. 
%a s price at U S port of exit 
“Cumulative additions after December 31, 2010 Includes all additions of electricity only and combined heat and power plants projected for the electric power, industrial, and 

“Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-sitegenerating systems in the residential. commercial, 

“Includes conventional hydroelectric, geothermal, wood, wood waste, municipal waste, landfill gas, other biomass, solar, and wind power Facilities co-firing biomass and coal 

- - = Not applicable 
Btu = British thermal unit. 
GHG = Greenhouse gas 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from official EIA data reports 
Sources: 2010data basedon: U S. Energylnformation Administration (EIA),Annua/CoalRepod2070, DOE/EIA-0584(2010) (Washington, DC, November 201 1); EIA, Quarterly 

Coal Report, Ocfober-December2010. DOE/EIA-Ol21(2010/40) (Washington, DC, May 201 1); and EIA, AE02012 National Energy Modeling System run REF2012 DO201 12C 
Projections: EIA, AE02012 National Energy Modeling System runs REF2012 DO201 12C and NOGHGCONCERN.DO31212A 

included in the consumption data. 

coal use in the coal-to-liquids process 

commercial sectors 

and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid 

are classified as coal 
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Exhibit-RW-6 

Supply, disposition, and prices 

Annual growth 2010-2035 
(percent) 

2020 2035 
2010 

High High Coal Low Coal High Coal 
cost cost Lo~o~p, l  Reference ' o ~ ~ p a '  I Reference I 

Production' . . . . . . . .  " . 
Appalachia 
Interior 
West 

Waste coal Supplied2 
Net imports3 

Total supply4 . . . . . . . . . . . I . 
Consumption by sector 

Residential and commercial 
Coke plants 
Other industrial5 
Coal-to-liquids heat and power 
Coal-to-liquids liquids production 
Electric powerG 

Total coal use 

Average minemouth price' 
(2010 dollars per short ton) 
(2010 dollars per million Btu) 

Delivered prices* 
(2010 dollars per short ton) 

Coke plants 
Other indll~tria/~ 
Coal to liquids 
Electric power6 

(2010 dollars per short ton) 
(20 10 dollars per million Btu) 

Exportsg 

Cumulative electricity generating 
capacity additions (gigawatts)" 

Advanced without sequestration 
Advanced with sequestration 
End-use generators" 

Petroleum 
Natural gas 
Nuclear I uranium 
Renewables'? 
Other 

Total ~ " .  . . . . " . . . . .  

Liquids from coal (million barrels per day) 

1084 
336 
156 
592 

14 
-64 

1034 

3 
21 
52 

0 
0 

975 
1051 

35 61 
176 

153 59 
59 28 _ _  

44 27 
2 26 

47.17 
120 41 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0.0 

0 00 

1096 
281 
168 
647 

13 
-78 

1031 

3 
19 
51 
15 
14 

929 
1031 

32 70 
1 64 

165 27 
60 23 
34 43 

39 19 
2 04 

42.38 
121 34 

12 9 
8 7  
0 6  
0 9  
2 7  
0 1  

36 6 
6 8  

34 2 
0 8  

91.3 

0 14 

1034 
262 
159 
613 

15 
-67 
982 

3 
18 
51 
13 
12 

885 
982 

40 96 
2 06 

198 45 
70 89 
40 67 

45 98 
2 41 

49.99 
155 03 

12 5 
8 7  
0 6  
0 9  
2 3  
0 1  

39 7 
6 8  

34 5 
0 8  

94.3 

0 12 

962 
253 
159 
550 

18 
-73 
907 

3 
18 
50 
12 
1 1  

81 2 
907 

52 91 
2 65 

239 32 
84 14 
49 20 

55 09 
2 89 

60.26 
187 16 

12 2 
8 7  
0 6  
0 9  
2 1  
0 1  

43 1 
6 8  

41 0 
0 8  

104.0 

0 1 1  

1336 
309 
194 
833 

14 
-87 

1263 

3 
17 
53 
57 
54 

1079 
1263 

25 80 
131 

136 73 
50 11 
25 22 

34 16 
177  

35.44 
96 75 

30 7 
19 8 
1 0  
0 9  
9 0  
0 1  

128 1 
7 3  

67 9 
0 8  

234.9 

0 45 

1212 
29 1 
198 
722 

19 
-94 

1138 

3 
17 
53 
34 
32 

998 
1137 

50 52 
2 56 

238 32 
78 53 
41 54 

53 31 
2 80 

56.48 
177 66 

16 6 
9 4  
0 6  
0 9  
5 6  
0 1  

141 6 
8 5  

67 4 
0 8  

235.0 

0 28 

946 
26 1 
202 
483 
40 

-59 
927 

3 
16 
52 
29 
27 

800 
926 

106 78 
5 24 

413 77 
127 31 
68 76 

94 16 
4 79 

100.09 
338 54 

14 5 
8 7  
0 6  
0 9  
4 3  
0 1  

131 7 
7 7  

65 9 
0 8  

220.6 

0 21 

0.8% 
-0 3% 
0 9% 
14% 
0 2% 
1 2% 
0.8% 

-0 2% 
-0 8% 
0 1 %  _ _  

_ _  
0 4% 
0.7% 

-1 3% 
-1 2% 

-0 5% 
-0 7% _ _  

-1 0% 
-1 0% 
-1.1% 
-0 9% 

_ _  
_ _  
_ _  
_ _  
- -  
_ -  
- -  
_ _  
_ _  
_ . _  

~~ 

- -  

0.4% 
-0 6% 

1 0% 
0 8% 
1 4% 
1 5% 
0.4% 

-0 3% 
-1 0% 
0 0% 

- -  
- -  

0 1% 
0.3% 

4 Yo 

5% 

8% 
1 % _ _  

0 7% 
0 9% 
0.7% 
1.6% 

-0.5% 
-1 0% 
l"O% 

-0.8% 
4.4% 

-0 3% 
-0.4% 

-0.4% 
-1.1% 
-0 0% 

_ . _  

_ -  
-0.8% 
-0.5% 

4 5% 
4.5% 

4 0% 
3.1% 

_ _  

3.1% 
3.0% 
3.1% 
4 2% 

- -  
- -  
- -  
_ _  
_ _  
_ _  
_ -  
_ _  
_ _  
_ _  _ _  
_ -  
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Supply, disposition, and prices 

Annual growth 2010-2035 
(percent) 2020 2035 

2010 
Low Coal High Coal Low Coal Reference High Coal Low Coal High Coal 

Cost Cost cost cost Reference cost cost Reference 

Average coal miner wage 
(2010 dollars per year) 77,466 84,135 92.285 100,436 78,164 99,537 124,954 00% 1 0 %  1 9 %  

'Includes anthracite, bituminous coal, subbituminous coal, and lignite 
'Includes waste coal consumed by the electric power and industrial sectors Waste coal supplied is counted as a supply-side item to balance the same amount of waste coal 

'Excludes imports to Puerto Rico and the U S. Virgin Islands 
"Production plus waste coal supplied plus net imports. 
51ncludes consumption for combined heat and power plants, except those plants whose primary business is to sell electricity, or electricity and heat, to the public Excludes all 

'Includes all electricity-only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the public 
'Includes reported prices for both open market and captive mines 
'Prices weighted by consumption tonnage; weighted average excludes residential and commercial prices, and export free-alongside-ship ( fa  s ) prices 
'F a s. price at U S port of exit 
"Cumulative additions after December 31, 2010. Includes all additions of electricity only and combined heat and power plants projected for the electric power, industrial, and 

commercial sectors 
"Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-sitegenerating systems in the residential, commercial, 

and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid 
"Includes conventional hydroelectric, geothermal, wood, wood waste, municipal waste, landfill gas, other biomass, solar, and wind power Facilities co-firing biomass and coal 

are classified as coal. 
- - = Not applicable 
Btu = British thermal unit 
Note: Totals may not equal sum of components due to independent rounding Data for 2010 are model results and may differ slightly from official EIA data reports 
Sources: 2010data based on: U S Energy Information Administration (EIA),Annual CoalReporf 2010, DOE/EIA-0584(2010) (Washington, DC, November201 1); EIA. Quarferly 

CoalReporf, Ocfober-December2010, DOE/ElA-Ol21(20lO/4Q) (Washington, DC, May 201 1); U S Department of Labor, Bureau of Labor Statistics. Average Hourly Earnings of 
ProductionWorkers: CoalMining, SerieslD:ceu1021210008; and EIA,AE02012National Energy Modeling System run REF2012 00201 12C Projections: EIA.AE02012National 
Energy Modeling System runs LCCSTIZ D031312A, REF2012 DO201 12C, and HCCST12.DO31312A 

included in the consumption data 

coal use in the coal to liquids process. 

U 8 Energy Information Administration I Annual Energy Outlook 2012 213 



Exhibit-RW-6 

THIS PAGE INTENTIONALLY LEFT BLANK 



Exhibit-RW-6 

Appendix E 

of cases 

The National Energy Modeling System 
Projections in the Annual Energy Outlook 2012 (AEO2012) are generated using the National Energy Modeling System (NEMS) [142], 
developed and maintained by the Office of Energy Analysis of the U 5 Energy Information Administration (EIA) In addition to 
its use in developing the Annual Energy Outlook (AEO) projections, NEMS is also used to complete analytical studies for the U S 
Congress, the Executive Office of the President, other offices within the U S Department of Energy (DOE), and other Federal 
agencies. NEMS is also used by other nongovernment groups, such as the Electric Power Research Institute, Duke University, 
Georgia Institute of Technology, and Onlocation, Inc In addition, the AEO projections are used by analysts and planners in other 
government agencies and nongovernment organizations 

The projections in NEMS are developed with the use of a market-based approach, subject to regulations and standards. For each 
fuel and consuming sector, NEMS balances energy supply and demand, accounting for economic competition among the various 
energy fuels and sources The time horizon of NEMS extends to 2035 To represent regional differences in energy markets, the 
component modules of NEMS function at the regional level. the nine Census divisions for the end-use demand modules; production 
regions specific to oil, natcral gas, and coal supply and distribution, 22 regions and subregions of the North American Electric 
Reliability Corporation for electricity, and the five Petroleum Administration for Defense Districts (PADDs) for refineries 

NEMS is organized and implemented as a modular system The modules represent each of the fuel supply markets, conversion 
sectors, and end-use consumption sectors of the energy system The modular design also permits the use of the methodology 
and level of detail most appropriate for each energy sector NEMS executes each of the component modules to solve for prices of 
energy delivered t o  end users and the quantities consumed, by product, region, and sector The delivered fuel prices encompass 
all the activities necessary to produce, import, and transport fuels t o  end users The information flows also include other data on 
such areas as economic activity, domestic production, and international petroleum supply NEMS calls each supply, conversion, 
and end-use demand module in sequence until the delivered prices of energy and the quantities demanded have converged within 
tolerance, thus achieving an economic equilibrium of supply and demand in the consuming sectors A solution is reached annually 
through the projection horizon. Other variables, such as petroleum product imports, crude oil imports, and several macroeconomic 
indicators, also are evaluated for convergence 

Each NEMS component represents the impacts and costs of legislation and environmental regulations that affect that sector. 
NEMS accounts for all combustion-related carbon dioxide (COz) emissions, as well as emissions of sulfur dioxide, nitrogen oxides, 
and mercury from the electricity generation sector 

The version of NEMS used for AE02012 generally represents current legislation and environmental regulations, including recent 
government actions, for which implementing regulations were available as of December 31, 2011, such as: the Mercury and Air 
Toxics Standards (MATS) [I431 issued by the U S Environmental Protection Agency (EPA) in December 2011; the Cross-State Air 
Pollution Rule (CSAPR) [I441 as finalized by the EPA in July 2011; the new fuel efficiency standards for medium- and heavy-duty 
vehicles (HDVs) published by the EPA and the National Highway Traffic Safety Administration (NHTSA) in September 2011 [145], 
California's cap-and-trade program authorized by Assembly Bill (AB) 32, the Global Warming Solutions Act of 2 0 0 6  [ 1461; the 
EPA policy memo regarding compliance of surface coal mining operations in Appalachia [1471, issued on July 21, 2011; and the 
American Recovery and Reinvestment Act of 2 0 0 9  (ARRA2009) [148], which was enacted in mid-February 2009. 

The potential impacts of proposed Federal and State legislation, regulations, or standards-or of sections of legislation that have 
been enacted but require funds or implementing regulations that have not been provided or specified-are not reflected in NEMS. 
However, many pending provisions are examined in alternative cases included in AE02012 or in other analyses completed by EIA 

In general, the historical data presented with the AEO2Ol2 projections are based on EIAs Annual Energy Review 2010, published in 
October 2011 [749]; however, data were taken from multiple sources In some cases, only partial or preliminary data were available 
for 2010. Historical numbers are presented for comparison only and may be estimates. Source documents should be consulted for 
the official data values. Footnotes to  the AE020I2 appendix tables indicate the definitions and sources of historical data. 

Where possible, the AEO2012 projections for 2011 and 2012 incorporate short-term projections from EIAs December 2011 Short- 
Term Energy Outlook (STEO). For short-term energy projections, readers are referred to monthly updates of the STEO [KO]. 

Component modules 
The component modules of NEMS represent the individual supply, demand, and conversion sectors of domestic energy markets 
and also include international and macroeconomic modules In general, the modules interact through values representing prices or 
expenditures for energy delivered to  the consuming sectors and the quantities of end-use energy consumption. 

Macroeconomic Activity Module 
The Macroeconomic Activity Module ( M A M )  provides a set of macroeconomic drivers to the energy modules and receives 
energy-related indicators from the NEMS energy components as part of the macroeconomic feedback mechanism within NEMS. 
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Key macroeconomic variables used in the energy modules include gross domestic product (GDP), disposable income, value of 
industrial shipments, new housing starts, sales of new light-duty vehicles (LDVs), interest rates, and employment Key energy 
indicators fed back to the M A M  include aggregate energy prices and costs The M A M  uses the following models from IHS Global 
Insight Macroeconomic Model of the U S Economy, National Industry Model, and National Employment Model In addition, EIA 
has constructed a Regional Economic and Industry Model to  project regional economic drivers, and a Commercial Floorspace 
Model to project 13 floorspace types in 9 Census divisions The accounting framework for industrial value of shipments uses the 
North American Industry Classification System (NAICS) 

International Energy Module 
The International Energy Module (IEM) uses assumptions of economic growth and expectations of future U S and world petroleum 
and other liquids production and consumption, by year, to project the interaction of U S and international petroleum and other 
liquids markets The IEM computes world oil prices, provides a world crude-like liquids supply curve, generates a worldwide oil 
supply/demand balance for each year of the projection period, and computes initial estimates of crude oil and light and heavy 
petroleum product imports to the United States by PADD regions The supply-curve calculations are based on historical market 
data and a world oil supply/demand balance, which is developed from reduced-form models of international petroleum and other 
liquids supply and demand, current investment trends in exploration and development, and long-term resource economics by 
country and territory The oil production estimates include both conventional and other liquids supply recovery technologies 

In interacting with the rest of NEMS, the IEM changes the oil price-which is defined as the price of light, low-sulfur crude oil 
delivered to Cushing, Oklahoma (PADD 2 b i n  response to changes in expected production and consumption of crude oil and 
other liquids in the United States 

Residential and Commercial Demand Modules 
The Residential Demand Module projects energy consumption in the residential sector by Census division, housing type, and 
end use, based on delivered energy prices, the menu of equipment available, the availability of renewable sources of energy, and 
changes in the housing stock The Commercial Demand Module projects energy consumption in the commercial sector by Census 
division, building type, and category of end use, based on delivered prices of energy, availability of renewable sources of energy, 
and changes in commercial floorspace. 

Both modules estimate the equipment stock for the major end-use services, incorporating assessments of advanced technologies, 
representations of renewable energy technologies, and the effects of both building shell and appliance standards. The modules 
also include projections of distributed generation The Commercial Demand Module also incorporates combined heat and power 
(CHP) technology. Both modules incorporate changes to "normal" heating and cooling degree-days by Census division, based on 
a '10-year average and on State-level population projections. The Residential Demand Module projects an increase in the average 
square footage of both new construction and existing structures, based on trends in new construction and remodeling 

Industrial Demand Module 
The Industrial Demand Module ( IDM) projects the consumption of energy for heat and power, as well as the consumption of 
feedstocks and raw materials in each of 21 industry groups, subject t o  the delivered prices of energy and macroeconomic estimates 
of employment and the value of shipments for each industry As noted in the description of the M A M ,  the representation of 
industrial activity in NEMS is based on the NAICS The industries are classified into three groups-energy-intensive manufacturing, 
non-energy-intensive manufacturing, and nonmanufacturing. Of the eight energy-intensive manufacturing industries, seven are 
mode I ed i n t he I D M, i n c I u d i ng en erg y -co n s u m i n g co m pan en t s for boi I e r/s t ea m/coge n e ra t ion , bu i Id i ngs, and process/a ss em b I y 
use of energy. Energy demand for petroleum refining (the eighth energy-intensive manufacturing industry) is modeled in the 
Petroleum Market Module (PMM), as described below, but the projected consumption is  reported under the industrial totals. 

There are several updates and upgrades in the representations of select industries The base year for the bulk chemical industry 
has been updated to 2 0 0 6  in keeping with updates to EIA's 2 0 0 6  Manufacturing Energy Consumption Survey [1511. AEO2Ol2  also 
includes an upgraded representation for the cement and lime industries and agriculture Instead of assuming that technological 
development for a particular process occurs on a predetermined (exogenous) path based on engineering judgment, these upgrades 
allow I D M  technological change to be modeled endogenously, while using more detailed process representation. The upgrade 
allows for technological change, and therefore energy intensity, to respond to economic, regulatory, and other conditions. For 
subsequent AEOs,  other industries represented in the I D M  projections will be similarly upgraded 

A generalized representation of CHP is included. A revised methodology for CHP systems, implemented for A E 0 2 0 7 2 ,  simulates 
the utilization of installed CHP systems based on historical utilization rates and is driven by end-use electricity demand. To evaluate 
the economic benefits of additional CHP capacity, the model also includes an updated appraisal incorporating historical rather 
than assumed capacity factors and regional acceptance rates for new CHP facilities The evaluation of CHP systems still uses a 
discount rate, which is equal to the projected 10-year Treasury bill rate plus a risk premium. 
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Transportation Demand Module 
The Transportation Demand Module projects consumption of energy in the transportation sector-including petroleum products, 
electricity, methanol, ethanol, compressed natural gas (CNG), and hydrogen-by transportation mode, subject to delivered 
energy prices and macroeconomic variables such as disposable personal income, GDP, population, interest rates, and industrial 
shipments The Transportation Demand Module includes legislation and regulations, such as the Energy Policy Act of 2005  
(EPACT2005), the Energy Improvement and Extension Act of 2 0 0 8  (EIEA2008), and the ARRA2009, which contain tax credits 
for the purchase of alternatively fueled vehicles Fleet vehicles are also modeled, allowing for analysis of legislative proposals 
specific to those markets Representations of LDV Corporate Average Fuel Economy (CAFE) and greenhouse gas (GHG) emissions 
standards, HDV fuel consumption and GHG emissions standards, and biofuels consumption in the module reflect standards 
enacted by NHTSA and the EPA, as well as provisions in the Energy Independence and Security Act of 2007 (EISA2007) 

The air transportation component of the Transportation Demand Module explicitly represents air travel in domestic and foreign 
markets and includes the industry practice of parking aircraft in both domestic and international markets to reduce operating costs, 
as well as the movement of aging aircraft from passenger to cargo markets For passenger travel and air freight shipments, the 
module represents regional fuel use in regional, narrow-body, and wide-body aircraft An infrastructure constraint, which IS also 
modeled, can potentially limit overall growth in passenger and freight air travel to levels commensurate with industry-projected 
infrastructure expansion and capacity growth 

Electricity Market Module 
There are three primary submodules of the Electricity Market Module-capacity planning, fuel dispatching, and finance and pricing. 
The capacity expansion submodule uses the stock of existing generation capacity, the cost and performance of future generation 
capacity, expected fuel prices, expected financial parameters, expected electricity demand, and expected environmental regulations 
to project the optimal mix of new generation capacity that should be added in future years. The fuel dispatching submodule uses the 
existing stock of generation equipment types, their operation and maintenance costs and performance, fuel prices to the electricity 
sector, electricity demand, and all applicable environmental regulations to  determine the least-cost way to meet that demand. The 
submodule also determines transmission and pricing of electricity The finance and pricing submodule uses capital costs, fuel costs, 
macroeconomic parameters, environmental regulations, and load shapes to estimate generation costs for each technology. 

All specifically identified options promulgated by the EPA for compliance with the Clean Air Act Amendments of 1990 are explicitly 
represented in the capacity expansion and dispatch decisions All financial incentives for power generation expansion and dispatch 
specifically identified in EPACT2005 have been implemented Several States, primarily in the Northeast, have enacted air emission 
regulations for COz that affect the electricity generation sector, and those regulations are represented in AEO2OI2. The AEO2072 
Reference case also imposes a limit on power sector COz emissions for plants serving California, to represent the power sector 
impacts of California's AB 32 The AE02012 Reference case reflects the CSAPR as finalized by the EPA on July 6, 2011, requiring 
reductions in emissions from power plants that contribute to ozone and fine particle pollution in 28  States Reductions in mercury 
emissions from coal- and oil-fired power plants also are reflected through the inclusion of the mercury and air toxics standards for 
power plants, finalized by the EPA on December 16, 2011 

Although currently there is  no Federal legislation in place that restricts GHG emissions, regulators and the investment community 
have continued to push energy companies to invest in technologies that are less GHG-intensive The trend is captured in the 
AEO2Ol2 Reference case through a 3-percentage-point increase in the cost of capital, when evaluating investments in new coal- 
fired power plants, new coal-to-liquids (CTL) plants without carbon capture and storage (CCS), and for pollution control retrofits 

Renewable Fuels Module 
The Renewable Fuels Module (RFM) includes submodules representing renewable resource supply and technology input information 
for central-station, grid-connected electricity generation technologies, including conventional hydroelectricity, biomass (dedicated 
biomass plants and co-firing in existing coal plants), geothermal, landfill gas, solar thermal electricity, solar photovoltaics (PV), 
and both onshore and offshore wind energy The RFM contains renewable resource supply estimates representing the regional 
opportunities for renewable energy development. Investment tax credits (ITCs) for renewable fuels are incorporated, as currently 
enacted, including a permanent 10-percent ITC for business investment in solar energy (thermal nonpower uses as well as power 
uses) and geothermal power (available only to  those projects not accepting the production tax credit [PTC] for geothermal power). 
In addition, the module reflects the increase in the ITC to 3 0  percent for solar energy systems installed before January 1, 2017. The 
extension of the credit to  individual homeowners under EIEA2008 is reflected in the Residential and Commercial Demand Modules. 

PTCs for wind, geothermal, landfill gas, and some types of hydroelectric and biomass-fueled plants also are represented They 
provide a credit of up to 2.2 cents per kilowatthour for electricity produced in the first 10 years of plant operation. For AE02012, 
new wind plants coming on line before January 1, 2013, are eligible to receive the PTC; other eligible plants must be in service 
before January 1, 2014 As part of the ARRA2009, plants eligible for the PTC may instead elect to receive a 30-percent ITC or 
an equivalent direct grant AE02012 also accounts for new renewable energy capacity resulting from State renewable portfolio 
standard programs, mandates, and goals, as described in Assumptions to the Annual Energy Outlook 2012 [I521 
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Oil and Gas Supply Mociule 
The Oil and Gas Supply Module represents domestic crude oil and natural gas supply within an integrated framework that captures 
the interrelationships among the various sources of supply-onshore, offshore, and Alaska-by all production techniques, including 
natural gas recovery from coalbeds and low-permeability formations of sandstone and shale. The framework analyzes cash flow 
and profitability to compute investment and drilling for each of the supply sources, based on the prices for crude oil and natural 
gas, the domestic recoverable resource base, and the state of technology. Oil and natural gas production activities are modeled for 
12 supply regions, including 6 onshore, 3 offshore, and 3 Alaskan regions 

The Onshore Lower 4 8  Oil and Gas Supply Submodule evaluates the economics of future exploration and development projects for 
crude oil and natural gas at the play level Crude oil resources include conventional resources as well as highly fractured continuous 
zones, such as the Austin chalk and Bakken shale formations Production potential from advanced secondary recovery techniques 
(such as infill drilling, horizontal continuity, and horizontal profile) and enhanced oil recovery (such as COz flooding, steam flooding, 
polymer flooding, and profile modification) are explicitly represented Natural gas resources include high-permeability carbonate 
and sandstone, tight gas, shale gas, and coalbed methane 

Domestic crude oil production quantities are used as inputs to the PMM in NEMS for conversion and blending into refined 
petroleum products. Supply curves for natural gas are used as inputs to the Natural Gas Transmission and Distribution Module 
(NGTDM) for determining natural gas wellhead prices and domestic production. 

Natural Gas Transmission and Distribution Module 
The NGTDM represents the transmission, distribution, and pricing of natural gas, subject to end-use demand for natural gas and 
the availability of domestic natural gas and natural gas traded on the international market. The module tracks the flows of natural 
gas and determines the associated capacity expansion requirements in an aggregate pipeline network, connecting the domestic 
and foreign supply regions with 12 lower 4 8  U S demand regions The 12 lower 4 8  regions align with the 9 Census divisions, with 
three subdivided, and Alaska handled separately. The flow of natural gas is determined for both a peak and off-peak period in the 
year, assuming a historically based seasonal distribution of natural gas demand Key components of pipeline and distributor tariffs 
are included in separate pricing algorithms An algorithm is included to project the addition of CNG retail fueling capability The 
module also accounts for foreign sources of natural gas, including pipeline imports and exports to  Canada and Mexico, as well as 
liquefied natural gas (LNG) imports and exports For AE02012, LNG exports and re-exports were set exogenously and assumed to 
reach and maintain a total level of 903 billion cubic feet per year by 2020  

Petroleum Market Module 
The PMM projects prices of petroleum products, crude oil and product import activity, and domestic refinery operations, subject 
to demand for petroleum products, availability and price of imported petroleum, and domestic production of crude oil, natural 
gas liquids, and biofuels-ethanol, biodiesel, biomass-to-liquids (BTL), CTL, gas-to-liquids (GTL), and coal-and-biomass-to- 
liquids (CBTL) Costs, performance, and first dates of commercial availability for the advanced other liquids technologies [ 1531 
are reviewed and updated annually. 

The module represents refining activities in the five PADDs, as well as a less detailed representation of refining activities in the 
rest of the world It models the costs of automotive fuels, such as conventional and reformulated gasoline, and includes production 
of biofuels for blending in gasoline and diesel Fuel ethanol and biodiesel are included in the PMM, because they are commonly 
blended into petroleum products The module allows ethanol blending into gasoline at 10 percent or less by volume (ElO), 15 
percent by volume (E15) in States that lack explicit language capping ethanol volume or oxygen content, and up to 85 percent by 
volume (E85) for use in flex-fuel vehicles 

The PMM includes representation of the Renewable Fuels Standard (RFS) included in EISA2007, which mandates the use of 36 
billion gallons of ethanol equivalent renewable fuel by 2022. Both domestic and imported ethanol count toward the RFS. Domestic 
ethanol production is modeled for three feedstock categories: corn, cellulosic plant materials, and advanced feedstock materials 
Starch-based ethanol plants are numerous (more than 190 are now in operation, with a total maximum sustainable nameplate 
capacity of more than 14 billion gallons annually), and they are based on a well-known technology that converts starch and sugar 
into ethanol. Ethanol from cellulosic sources is a new technology with only a few small pilot plants in operation Ethanol from 
advanced feedstocks-defined as plants that ferment and distill grains other than corn and reduce GHG emissions by at least 5 0  
percent-is also a new technology modeled in the PMM 

Fuels produced by Fischer-Tropsch synthesis and through a pyrolysis process are also modeled in the PMM, based on their 
economics relative to competing feedstocks and products. The five processes modeled are CTL, CBTL, GTL, BTL, and pyrolysis 

Coal Market Module 
The Coal Market Module (CMM) simulates mining, transportation, and pricing of coal, subject to end-use demand for coal 
differentiated by heat and sulfur content. U 5 coal production is represented in the C M M  by 41 separate supply curves- 
differentiated by region, mine type, coal rank, and sulfur content. The coal supply curves respond to  capacity utilization of mines, 
mining capacity, labor productivity, and factor input costs (mining equipment, mining labor, and fuel requirements) Projections of 

218 U S Energy Information Administration I Annual Energy Outlook 2012 



Exhibit-RW-6 

U S coal distribution are determined by minimizing the cost of coal supplied, given coal demands by region and sector, environmental 
restrictions, and accounting for minemouth prices, transportation costs, and coal supply contracts Over the projection horizon, 
coal transportation costs in the C M M  vary in response to changes in the cost of rail investments. 

The C M M  produces projections of U S steam and metallurgical coal exports and imports in the context of world coal trade, 
determining the pattern of world coal trade flows that minimizes production and transportation costs while meeting a specified set 
of regional world coal import demands, subject to constraints on export capacities and trade flows The international coal market 
component of the module computes trade in 3 types of coal for 17 export regions and 20  import regions U 5. coal production and 
distribution are computed for 14 supply regions and 16 demand regions 

Aimrnl Eiiergy Oirtlook 2012 cases 
Table E l  provides a summary of the cases produced as part of AE02072 For each case, the table gives the name used in AE02072, 
a brief description of the major assumptions underlying the projections, and a reference to the pages in the body of the report 
and in this appendix where the case is discussed The text sections following Table E l  describe the various cases The Reference 
case assumptions for each sector are described in Assumptions to the Annual Energy Outlook 2012 E1541 Regional results and other 
de t a i I s of the project ion s a re a va i I ab I e at webs i t e w w w. e i a .gov/aeo/s u D D lem e n t , 

Macroeconomic growth cases 
In addition to  the AE02072 Reference case, Low Economic Growth and High Economic Growth cases were developed to reflect 
the uncertainty in projections of economic growth The alternative cases are intended to show the effects of alternative growth 
assumptions on energy market projections The cases are described as follows. 

In the Reference case, population grows by 0 9  percent per year, nonfarm employment by 1.0 percent per year, and labor 
productivity by 1 9  percent per year from 2010 to 2035 Economic output as measured by real GDP increases by 2.5 percent per 
year from 2010 through 2035, and growth in real disposable income per capita averages 1 5 percent per year. 

0 The Low Economic Growth case assumes lower growth rates for population (0 8 percent per year) and labor productivity (1.5 
percent per year), resulting in lower nonfarm employment (0.8 percent per year), higher prices and interest rates, and lower 
growth in industrial output. In the Low Economic Growth case, economic output as measured by real GDP increases by 2 0 
percent per year from 2010 through 2035, and growth in real disposable income per capita averages 1.3 percent per year 

The High Economic Growth case assumes higher growth rates for population (1.0 percent per year) and labor productivity 
(2.2 percent per year), resulting in higher nonfarm employment (1.2 percent per year) Wi th  higher productivity gains and 
employment growth, inflation and interest rates are lower than in the Reference case, and consequently economic output grows 
at a higher rate (3 0 percent per year) than in the Reference case (2 5 percent) Disposable income per capita grows by 1.6 
percent per year, compared with 1 5 percent in the Reference case 

Oil price cases 
The oil price in AE02072 is  defined as the average price of light, low-sulfur crude oil delivered in Gushing, Oklahoma, and is  similar 
to the price for light, sweet crude oil traded on the New York Mercantile Exchange, referred to as West Texas Intermediate (WTI) 
AEO2OI2 also includes a projection of the U S annual average refiners' acquisition cost of imported crude oil, which is more 
representative of the average cost of all crude oils used by domestic refiners. 

The historical record shows substantial variability in oil prices, and there is arguably even more uncertainty about future prices in 
the long term. AEQ2072 considers three oil price cases (Reference, Low Oil Price, and High Oil Price) to  allow an assessment of 
alternative views on the future course of oil prices 

The Low and High Oil Price cases reflect a wide range of potential price paths, resulting from variation in demand by countries 
outside the Organization for Economic Cooperation and Development (OECD) for petroleum and other liquid fuels due to  different 
levels of economic growth. The Low and High Oil Price cases also reflect different assumptions about decisions by members of 
the Organization of the Petroleum Exporting Countries (OPEC) regarding the preferred rate of oil production and about the future 
finding and development costs and accessibility of conventional oil resources outside the United States. 

* In the Reference case, real oil prices rise from a $93 per barrel (2010 dollars) in 2011 io $145 per barrel in 2035. The Reference 
case represents EIAs current judgment regarding exploration and development costs and accessibility of oil resources. It also 
assumes that OPEC producers will choose to maintain their share of the market and will schedule investments in incremental 
production capacity so that OPEC's conventional oil production will represent about 40 percent of the world's total petroleum 
and other liquids production over the projection period 

* In the Low Oil Price case, crude oil prices are only $62 per barrel (2010 dollars) in 2035, compared with $145 per barrel in 
the Reference case. In the Low Oil Price case, the low price results from lower demand for petroleum and other liquid fuels 
in the non-OECD nations Lower demand is derived from lower economic growth relative to the Reference case. In this case, 
GDP growth in the non-OECD countries is reduced by 1.5 percentage points relative to Reference case in each projection year, 
beginning in 2015. The OECD projections are affected only by the price impact On the supply side, OPEC countries increase 
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Table El .  Summary of the AE02012 cases 

Case name Description 
Reference Reference in 
in text Appendix E 

Reference 

Low Economic Growth 

High Economic Growth 

Low Oil Price 

High Oil Price 

No Sunset 

Extended Policies 

Transportation. 
CAFE Standards 

Transportation: 
High Technology Battery 

Transportation. 
HDV Reference 

Transportation: 
HD NGV Potential 

2 2 0  

Baseline economic growth (2 5 percent per year from 2010 through 2035), oil 
price, and technology assumptions Complete projection tables in Appendix A 
Light, sweet crude oil prices rise to about $145 per barrel (2010 dollars) in 
2035 Assumes RFS target to be met as soon as possible 

Real GDP grows at an average annual rate of 2 0 percent from 2010 to 2035 
Other energy market assumptions are the same as in the Reference case 
Partial projection tables in Appendix B 

Real GDP grows at an average annual rate of 3 0 percent from 2010 to 2035 
Other energy market assumptions are the same as in the Reference case 
Partial projection tables in Appendix B 

Low prices result from a combination of low demand for petroleum and other 
liquid fuels in the non-OECD nations and higher global supply Lower demand 
is measured by lower economic growth relative to the Reference case In this 
case, GDP growth in the non-OECD is reduced by 1 5 percentage points in each 
projection year relative to Reference case assumptions, beginning in 2015 On 
the supply side, OPEC increases its market share to 46 percent, and the costs 
of other liquids production technologies are lower than in the Reference case 
Light, sweet crude oil prices fall to $62 per barrel in 2035 Partial projection 
tables in Appendix C 

High prices result from a combination of higher demand for petroleum and 
other liquid fuels in the non-OECD nations and lower global supply Higher 
demand is measured by higher economic growth relative to the Reference case 
In this case, GDPgrowth rates for China and India are raised by 1 0  percentage 
point relative to the Reference case in 2012 and decline to 0 3 percentage point 
above the Reference case in 2035 GDP growth rates for other non-OECD 
regions average about 0 5 percentage point above the Reference case OPEC 
market share remains at about 40 percent throughout the projection, and non- 
OPEC petroleum production expands more slowly in the short to middle term 
relative to the Reference case Light, sweet crude oil prices rise to $200 per 
barrel (2010 dollars) in 2035 Partial projection tables in Appendix C. 

Begins with the Reference case and assumes extension of all existing energy 
policies and legislation that contain sunset provisions, except those requiring 
additional funding (e g , loan guarantee programs) and those that involve 
extensive regulatory analysis, such as CAFE improvements and periodic 
updates of efficiency standards Partial projection tables in Appendix D. 

Begins with the No Sunset case but excludes extension of tax credits for 
blenders and for other biofuels that were included in the No Sunset case 
Assumes an increase in the capacity limitations on the ITC and extension of 
the program The case includes additional rounds of efficiency standards for 
residential and commercial products, as well as new standards for products 
not yet covered, adds multiple rounds of national building codes by 2026, and 
increases LDV fuel economy standards in the transportation sector to 62 miles 
per gallon in 2035 Partial projection tables in Appendix D 

Explores energy and market impacts assuming that LDV CAFE and GHG 
emissions standards proposed for model years 2017-2025 are enacted Partial 
projection tables in Appendix D 

Explores the impact of significant improvement in vehicle battery and non- 
battery system cost and performance on new LDV sales, energy consumption, 
and GHG emissions Partial projection tables in Appendix D. 

Incorporates revised CNG and LNG pricing assumptions and HDV market 
acceptance relative to the AE02072 Reference case Partial projection tables in 
Appendix D 

Using the HDV Reference case, explores energy and market issues associated 
with the assumed expansion of natural gas refueling infrastructure for the HDV 
market Partial projection tables in Appendix D 
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Table El .  Summary of the AEO2012 cases (continued) 
Reference Reference in 

Case name Description in text Appendix E 

Electricity: 
Low Nuclear 

Electricity. 
High Nuclear 

Electricity. 
Reference 05  

Electricity. 
Low Gas Price 05 

Renewable Fuels: 
Low Renewable 
Technology Cost 

Petroleum 
LFMM 

Oil and Gas: 
Low EUR 

Oil and Gas 
High EUR 

Oil and Gas. 
High Technically 
Recoverable Resources 
(TRR) 

Coal: 
Low Coal Cost 

Coal. 
High Coal Cost 

Integrated 
2011 Demand 
Technology 

Integrated 
Best Ava i la ble 
Demand Technology 

Assumes that all nuclear plants are limited to a 60-year life (31 gigawatts 
of retirements), uprates are limited to the 1 gigawatt that has been reported 
to EIA, and planned additions are the same as in the Reference case Partial 
projection tables in Appendix D 

Assumes that all nuclear plants are life-extended beyond 60 years (except for 
one announced retirement), and uprates are the same as in the Reference case 
New plants include those under construction and plants that have a scheduled 
U S Nuclear Regulatory Commission (NRC) or Atomic Safety and Licensing 
Board hearing and use a currently certified design (e g , APl000) Partial 
projection tables in Appendix D 

Includes CSAPR and MATS as in the Reference case, with reduced 5-year 
environmental investment recovery Partial projection tables in Appendix D 

Includes CSAPR and MATS as in the Reference case, with reduced 5-year 
environmental investment recovery combined with the High Estimated 
Ultimate Recovery (EUR) case Partial projection tables in Appendix D 

Costs for new nonhydropower renewable generating technologies start 20  
percent lower in 2012 and decline to 40 percent lower than Reference case 
levels in 2035 Capital costs of renewable other liquid fuel technologies start 
20 percent lower in 2012 and decline to  approximately 40 percent lower than 
Reference case levels in 2035 Partial projection tables in Appendix D 

Changes in the refining industry in the past and prospective future are 
discussed in the context of the development of the Liquid Fuels Market Module 
(LFMM) developed for NEMS Provides overview of large-scale trends and 
highlights of specific issues that may require further analysis Partial projection 
tables in Appendix D 

EUR per tight oil or shale gas well is 5 0  percent lower than in the Reference 
case 

The EUR per tight oil and shale gas well is 50 percent higher than in the 
Reference case Partial projection tables in Appendix D 

The well spacing for all tight oil and shale gas plays is 8 wells per square mile 
(i e ,  each well has an average drainage area of 80 acres), and the EUR for tight 
oil and shale gas wells is 50 percent higher than in the Reference case Partial 
projection tables in Appendix D 

Regional productivity growth rates for coal mining are approximately 2.8 
percent per year higher than in the Reference case, and coal mining wages, 
mine equipment, and coal transportation rates in 2035 are between 21 and 
25 percent lower than in the Reference case Partial projection tables in 
Appendix D 

Regional productivity growth rates for coal mining are approximately 2 8 
percent per year lower than in the Reference case, and coal mining wages, 
mine equipment, and coal transportation rates in 2035 are between 25 and 
27 percent higher than in the Reference case Partial projection tables in 
Appendix D 

Referred to in text as "2011 Demand Technology" Assumes future equipment 
purchases in the residential and commercial sectors are based only on the 
range of equipment available in 2011 Energy efficiency of new industrial plant 
and equipment is held constant at the 2012 level over the projection period 
Partial projection tables in Appendix D 

Referred to in text as "Best Available Demand Technology" Assumes all future 
equipment purchases in the residential and commercial sectors are made from 
a menu of technologies that includes only the most efficient models available 
in a particular year for each fuel, regardless of cost Partial projection tables in 
Appendix D 
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Table El .  Summary of the AE02012 cases (continued) 
Reference Reference in 

Case name Description in text Appendix E 
integrated 
High Demand 
Technology 

Integrated 
2011 Technology 

Integrated 
High Technology 

No GHG Concern 

GHGl5 

GHG25 

Referred to in text as "High Demand Technology" Assumes earlier availability, 
lower costs, and higher efficiencies for more advanced residential and 
commercial equipment For new residential and commercial construction, 
building shell efficiencies are assumed to meet ENERGY STAR requirements 
after 2016 Industrial sector assumes earlier availability, lower costs, and higher 
efficiency for more advanced equipment and a more rapid rate of improvement 
in the recovery of biomass byproducts from industrial processes In the 
transportation sector, the characteristics of conventional and alternative-fuel 
LDVs reflect more optimistic assumptions about incremental improvements 
in fuel economy and costs Freight trucks are assumed to see more rapid 
improvement in fuel efficiency for engine and emissions control technologies 
More optimistic assumptions for fuel efficiency improvements are also made 
for the air, rail, and shipping sectors Partial projection tables in Appendix D. 

Referred to in text as "2011 Technology" Combination of the Integrated 2011 
Demand Technology case with the assumption that costs of new power plants 
do not improve from 2072 levels throughout the projection Partial projection 
tables in Appendix D 

Referred to in text as "High Technology" Combination of the Integrated High 
Demand Technology case and the Low Renewable Technology Cost case Also 
assumes that costs for new nuclear and fossil-fired power plants are lower than 
Reference case levels, by 20 percent in 2012 and 4 0  percent in 2035 Partial 
projection tables in Appendix D 

No GHG emissions reduction policy is enacted, and market investment 
decisions are not altered in anticipation of such a policy Partial projection 
tables in Appendix D 

Applies a price for C 0 2  emissions throughout the economy, starting at $15 per 
metric ton in 2013 and rising by 5 percent per year through 2035 The price is set 
to target the same reduction in CO2 emissions as in the Annual Energy Outlook 20ll 
(AEO2071) GHG Price Economywide case Partial projection tables in Appendix D 

Applies a price for C 0 2  emissions throughout the economy, starting at $25 per 
metric ton in 2013 and rising by 5 percent per year through 2035 The price is 
set at the same dollar amount as in the AE02077 GHG Price Economywide case 
Partial projection tables in Appendix D 
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their conventional oil production to obtain a 46-percent share of total world petroleum and other liquids production, and oil 
resources outside the United States are more accessible and/or less costly to produce (as a result of technology advances, more 
attractive fiscal regimes, or both) than in the Reference case. - In the High Oil  Price case, oil prices reach about $200  per barrel (2010 dollars) in 2035 In the High Oil Price case, the high 
prices result from higher demand for petroleum and other liquid fuels in the non-OECD nations. Higher demand is measured by 
higher economic growth relative to the Reference case. In this case, GDP growth in the non-OECD region is raised by 0.1 t o  1.0 
percentage point relative to the Reference case in each projection year, starting in 2012 GDP growth rates for China and India 
are raised by 1.0 percentage points relative to  the Reference case in 2012, declining to 0.3 percentage point above the Reference 
case in 2035. GDP growth rates for most other non-OECD regions average about 0 5 percentage point above the Reference case 
in each projection year The OECD projections are affected only by the price impact. On  the supply side, OPEC countries are 
assumed to reduce their market share somewhat, and oil resources outside the United States are assumed to  be less accessible 
and/or more costly to produce than in the Reference case. 

Buildings sector cases 
In addition to the AE02072 Reference case, three technology-focused cases using the Demand Modules of NEMS were developed 
to examine the effects of changes in technology Buildings sector assumptions for the Integrated 2011 Demand Technology case 
and the Integrated High Demand Technology case are also used in the appropriate Integrated Technology cases 

Residential sector assumptions for the technology-focused cases are as follows: 

* For the Integrated 2011 Demand Technology case it is assumed that all future residential equipment purchases are based only 
on the range of equipment available in 2011 Existing building shell efficiencies are assumed to be fixed at 2011 levels (no further 
improvements) For new construction, building shell technology options are constrained to those available in 2011 
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0 For the Integrated High Demand Technology case it is assumed that residential advanced equipment is available earlier, at lower 
costs, and/or at higher efficiencies [E51 For new construction, building shell efficiencies are assumed to meet ENERGY STAR 
requirements after 2016 Consumers evaluate investments in energy efficiency at a 7-percent real discount rate. 

8 For the Integrated Best Available Demand Technology case it is assumed that all future residential equipment purchases are made 
from a menu of technologies that includes only the most efficient models available in a particular year for each fuel, regardless of 
cost For new construction, building shell efficiencies are assumed to meet the criteria for the most efficient components after 2011 

Commercial sector assumptions for the technology-focused cases are as follows: 

. For the Integrated 2011 Demand Technology case it is assumed that all future commercial equipment purchases are based only 
on the range of equipment available in 2011 Building shell efficiencies are assumed to be fixed at 2011 levels. 

0 For the Integrated High Demand Technology case it is assumed that commercial advanced equipment is available earlier, at 
lower costs, and/or with higher efficiencies than in the Reference case [1561. Energy efficiency investments are evaluated at a 
7-percent real discount rate Building shell efficiencies for new and existing buildings in 2035 assume a 25-percent improvement 
relative to the Reference case 

* For the Integrated Best Available Demand Technology case it is assumed that all future commercial equipment purchases are 
made from a menu of technologies that includes only the most efficient models available in a particular year for each fuel, 
regardless of cost Building shell efficiencies for new and existing buildings in 2035 assume a 50-percent improvement relative 
to the Reference case 

The Residential and Commercial Demand Modules of NEMS were also used to  complete the Low Renewable Technology Cost 
case, which is discussed in more detail below, in the renewable fuels cases section. In combination with assumptions for electricity 
generation from renewable fuels in the electric power sector and industrial sector, this sensitivity case analyzes the impacts of 
changes in generating technologies that use renewable fuels and in the availability of renewable energy sources. For the Residential 
and Commercial Demand Modules. 

1 The Low Renewable Technology Cost case assumes greater improvements in residential and commercial PV and wind systems 
than in the Reference case The assumptions for capital cost estimates are 2 0  percent below Reference case assumptions in 
2012 and decline to at least 40 percent lower than Reference case costs in 2035. 

The No Sunset and Extended Policies cases described below in the cross-cutting integrated cases discussion also include 
assumptions in the Residential and Commercial Demand Modules of NEMS. The Extended Policies case builds on the No Sunset 
case and adds multiple rounds of appliance standards and building codes as described below 

* The No Sunset case assumes that selected policies with sunset provisions will be extended indefinitely rather than allowed 
t o  sunset as the law currently prescribes For the residential sector, these extensions include: personal tax credits for selected 
end-use equipment, including furnaces, heat pumps, and central air conditioning; personal tax credits for PV installations, solar 
water heaters, small wind turbines, and geothermal heat pumps; and manufacturer tax credits for refrigerators, dishwashers, 
and clothes washers, passed on to  consumers at 100 percent of the tax credit value. For the commercial sector, business ITCs 
for PV installations, solar water heaters, small wind turbines, geothermal heat pumps, and CHP are extended to the end of the 
projection The business tax credit for solar technologies remains at the current 30-percent level without reverting to 10 percent 
as scheduled 

9 The Extended Policies case includes updates to appliance standards, as prescribed by the timeline in DOE'S multiyear plan, and 
introduces new standards for products currently not covered by DOE. Efficiency levels for the updated residential appliance 
standards are based on current ENERGY STAR guidelines. Residential end-use technologies subject to updated standards are 
not eligible for No Sunset incentives in addition to the standards. Efficiency levels for updated commercial equipment standards 
are based on the technology menu from the AE02012 Reference case and purchasing specifications for Federal agencies 
designated by the Federal Energy Management Program (FEMP). The case also adds national building codes to  reach 30-percent 
improvement relative to the 2 0 0 6  International Energy Conservation Code (IECC 2006)  for residential households and to 
American Society of Heating, Refrigerating, and Air-conditioning Engineers (ASHRAE) Standard 90.1-2004 for commercial 
buildings by 2020, with additional rounds of improved codes in 2023 and 2026 

Industrial sector cases 
In addition to the AE02012 Reference case, two technology-focused cases using the I D M  of NEMS were developed that examine 
the effects of less rapid and more rapid technology change and adoption. The energy intensity changes discussed in this section 
exclude the refining industry, which is modeled separately from the I D M  in the PMM. Different assumptions for the I D M  were 
also used as part of the Integrated Low Renewable Technology Cost case, No Sunset case, and Extended Policies case, but each is 
structured on a set of the initial industrial assumptions used for the Integrated 2011 Demand Technology case and Integrated High 
Demand Technology case For the industrial sector, assumptions for those two technology-focused cases are as follows. 

* For the Integrated 2011 Demand Technology case, the energy efficiency of new industrial plant and equipment is held constant at 
the 2012 level over the projection period Changes in aggregate energy intensity may result both from changing equipment and 
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production efficiency and from changing composition of output within an individual industry Because all AE02012 side cases 
are integrated runs, potential feedback effects from energy market interactions are captured Hence, the level and composition 
of overall industrial output varies from the Reference case, and any change in energy intensity in the two technology side cases 
is attributable to  process and efficiency changes and increased use of CHP, as well as changes in the level and composition of 
overall industrial output 

For the Integrated High Demand Technology case, the I D M  assumes earlier availability, lower costs, and higher efficiency for 
more advanced equipment [I571 and a more rapid rate of improvement in the recovery of biomass byproducts from industrial 
processes-i e ,  0 7 percent per year, as compared with 0 4 percent per year in the Reference case The same assumption is 
incorporated in the Low Renewable Technology Cost case, which focuses on electricity generation Although the choice of the 
0 7-percent annual rate of improvement in byproduct recovery is  an assumption in the High Demand Technology case, it is 
based on the expectation of higher recovery rates and substantially increased use of CHP in that case. Due to integration with 
other NEMS modules, potential feedback effects from energy market interactions are captured. 

The industrial No Sunset and Extended Policies cases described below in the cross-cutting integrated cases discussion also 
include assumptions in the I D M  of NEMS. The Extended Policies case builds on the No Sunset case and modifies select industrial 
assumptions, which are as follows 

* The No Sunset case and Extended Policies case include an assumption for CHP that extends the existing industrial CHP ITC 
through the end of the projection period. Additionally, the Extended Policies case includes an increase in the capacity limitations 
on the ITC by increasing the cap on CHP equipment from 15 megawatts to 25 megawatts and eliminating the system-wide cap 
of 5 0  megawatts These assumptions are based on the current proposals in H.R. 2750 and H.R. 2784 of the 112th Congress 

Transportation sector cases 
In addition to the AE02012 Reference case, the NEMS Transportation Demand Module was used to examine the effects of 
advanced technology costs and efficiency improvement on technology adoption and vehicle fuel economy as part of the Integrated 
High Demand Technology case [I581 For the Integrated High Demand Technology case, the characteristics of conventional and 
alternative-fuel LDVs reflect more optimistic assumptions about incremental improvements in fuel economy and costs In the 
freight truck sector, the High Demand Technology case assumes more rapid incremental improvement in fuel efficiency and lower 
costs for engine and emissions control technologies More optimistic assumptions for fuel efficiency improvements are also made 
for the air, rail, and shipping sectors 

Three additional integrated cases were developed to examine the potential energy impacts associated with the implementation of 
proposed model year 2017 to 2025 LDV CAFE standards, the impact of the successful development of advanced batteries, and the 
impact of the penetration of HDVs using LNG The specific cases include: 

The CAFE Standards case examines the energy, GHG, and vehicle market impacts of increasing LDV fuel economy standards 
to reflect those proposed by the EPA and NHTSA for model years 2017-2025. Fuel economy standards are assumed to remain 
constant after model year 2025 

9 The High Technology Battery case examines the energy, GHG emissions, and sales impacts on new LDVs associated with rapid 
improvement in battery cost and non-battery systems performance. 

. The HDV Reference case incorporates revised pricing assumptions for CNG and LNG highway fuels and HDV market acceptance. 

8 The H D  NGV Potential case examines the energy and GHG impacts associated with assumed significant increases in LNG 
refueling infrastructure to enable market adoption of natural gas use by HDVs in long-haul corridors relative to the HDV 
Reference case 

Electricity sector cases 
In addition to the Reference case, several integrated cases with alternative electric power assumptions were developed to  support 
discussions in the "issues in focus" section of AE02072. Two alternative cases were run for nuclear power plants, to address 
uncertainties about the operating lives of existing reactors, the potential for new nuclear capacity, and capacity uprates at existing 
plants These scenarios are discussed in the "Issues in focus" article, "Nuclear power in AEO20l2" 
In addition, two alternative cases were run to analyze uncertainties related to the lifetimes of coal-fired power plants due to  recent 
environmental regulations and potential GHG legislation in the future. Over the next few years, electricity generators will begin 
taking steps to comply with a number of new environmental regulations, primarily by adding environmental controls at existing 
coal-fired power plants The additional cases examine the impacts of shorter economic recovery periods for the environmental 
controls, with the natural gas prices used in the AEO20l2 Reference case and lower natural gas prices. 

Nuclear cases 
* The Low Nuclear case assumes that all existing nuclear plants are retired after 60 years of operation. In the Reference case, 

existing plants are assumed to run as long as they continue to be economic, implicitly assuming that a second 20-year license 
renewal will be obtained for most plants that reach 60 years before 2035. The LOW Nuclear case was run to  analyze the impact 
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of additional nuclear retirements, which could occur if the oldest plants do not receive a second license extension. In this case, 
31 gigawatts of nuclear capacity is assumed to  be retired by 2035 The Low Nuclear case assumes that no new nuclear capacity 
will be added throughout the projection, excluding capacity already planned or under construction The case also assumes that 
only those capacity uprates reported to EIA will be completed (1 gigawatt). The Reference case assumes additional uprates 
based on NRC surveys and industry reports 

0 The High Nuclear case assumes that all existing nuclear units will receive a second license renewal and operate beyond 6 0  years 
(excluding one announced retirement) In the Reference case, beyond the announced retirement of Oyster Creek, an additional 
5 5 gigawatts of nuclear capacity is assumed to be retired through 2035, reflecting uncertainty about the impacts and/or costs 
of future aging This case was run to  provide a more optimistic outlook, with all licenses renewed and all plants continuing 
to operate economically beyond 60 years The High Nuclear case also assumes that additional planned nuclear capacity is 
completed based on combined license applications issued by the NRC The Reference case assumes that 6 8 gigawatts of 
planned capacity is  added, compared with 13 5 gigawatts of planned capacity additions in the High Nuclear case. 

Environmental Rules cases 
* The Reference 0 5  case assumes that the economic recovery period for investments in new environmental controls in the electric 

power sector is reduced from 2 0  years to 5 years. 

9 The Low Gas Price 0 5  case uses more optimistic assumptions about future volumes of shale gas production, leading to lower 
natural gas prices, combined with the S-year recovery period for new environmental controls in the electric power sector The 
domestic shale gas resource assumption comes from the High EUR case 

Renewable fuels cases 
In addition to the AE02072 Reference case, EIA developed a case with alternative assumptions about renewable fuels to examine 
the effects of more aggressive improvement in the cost of renewable technologies 

In the Low Renewable Technology Cost case, the levelized costs of new nonhydropower renewable generating technologies 
are assumed to start at 2 0  percent below Reference case assumptions in 2012 and decline to 4 0  percent below the Reference 
case costs for the same resources in 2035. In general, lower costs are represented by reducing the capital costs of new plant 
construction. Biomass fuel supplies also are assumed to be 40 percent less expensive than for the same resource quantities 
used in the Reference case Assumptions for other generating technologies are unchanged from those in the Reference case. In 
the Low Renewable Technology Cost case, the rate of improvement in recovery of biomass byproducts from industrial processes 
also is increased 

In the No Sunset case and the Extended Policies case, expiring Federal tax credits targeting renewable electricity are assumed 
to be permanently extended. This applies to the PTC, which is a tax credit of 2 2 cents per kilowatthour available for the first 
10 years of production by new generators using wind, geothermal, and certain biomass fuels, or a tax credit of 11 cents per 
kilowatthour available for the first 10 years of production by new generators using geothermal energy, certain hydroelectric 
technologies, and biomass fuels not eligible for the full credit of 2 2 cents per kilowatthour. This tax credit i s  scheduled to expire 
on December 31, 2012, for wind and 1 year later for other eligible technologies. The same schedule applies to  the 30-percent 
ITC, which is available to new solar installations through December 31, 2016, and may also be claimed in lieu of the PTC for 
eligible technologies, expiring concurrently with the PTC expiration dates indicated above 

Oil and gas supply cases 
The sensitivity of the AE02072 projections to  changes in assumptions regarding technically recoverable tight oil and shale gas 
resources are examined in two cases. 

In the Low EUR case, the EUR per tight oil or shale gas well is assumed to be 50 percent lower than in the Reference case, 
increasing the per-unit cost of developing the resource. The total unproved TRR of tight oil is decreased to 17 billion barrels, and 
the shale gas resource is decreased to 241 trillion cubic feet, as compared with unproved resource estimates of 33 billion barrels 
of tight oil and 482 of shale gas in the Reference case as of January 1,2010. 

* In the High EUR case, the EUR per tight oil and shale gas well is assumed to be SO percent higher than in the Reference 
case, decreasing the per-unit cost of developing the resource The total unproved technically recoverable tight oil resource is 
increased to 5 0  billion barrels, and the shale gas resource is increased to  723 trillion cubic feet. 

. In the High TRR case, the well spacing for all tight oil and shale gas plays is assumed to be 8 wells per square mile (i e., each 
well has an average drainage area of 8 0  acres), and the EUR for tight oil and shale gas wells is assumed to be 5 0  percent higher 
than in the Reference case The total unproved technically recoverable tight oil resource is increased to 89 billion barrels, and 
the shale gas resource is increased to  1,091 trillion cubic feet, more than twice the Reference case assumptions for tight oil and 
shale gas resources. 
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Petroleum market cases 
Production of petroleum and other liquid fuels has evolved and changed significantly in recent years as a result of changes in 
the mix of feedstocks, production regions, technologies, regulation and policy, and international markets. To better reflect those 
changes, a new LFMM has been developed for use as part of NEMS The intent is to use the LFMM in developing the Annual Energy 
Outlook2013 (AE02013). The LFMM was designed as a data-driven tool using a generalized algebraic modeling system. The LFMM 
uses nine types of crude oil (compared to  five types in the current model) The LFMM configuration uses nine refining regions 
instead of the traditional five PADDs-eight domestic regions and one maritime Canada and Caribbean region that captures 
imports of refined products into the northeastern United States 

Market conditions and regulations have resulted in the implementation of new technologies using nonpetroleum feedstocks such as 
grains, biomass, pyrolysis oils, coal, biomass, and natural gas. The EISA2007 RFS mandates the use 36 billion gallons of renewable 
fuels by 2022, and the LFMM allows analysis of different renewable fuel capacities required to meet the mandate Because the 
LFMM is  a data-driven model, new technologies can be added easily to help in analysis of the RFS mandate In addition, the LFMM 
has extensive representation of the RFS and other policies that affect its implementation The technologies associated with the 
RFS have high development costs, and capital recovery is uncertain. That uncertainty can be analyzed by varying the market 
penetration rates for the technologies under different assumptions Further, to accommodate evolving international markets, 
LFMM uses different approaches while interfacing with NEMS PMM. The new interface is  able to work with newer crude types, as 
well as changes in prices for crude oil and petroleum products 

For AEO2012, an LFMM case was developed to test the new model and compare results with those produced by the PMM-which 
is the current model used for AE02012-for the Reference, Low Economic Growth, High Economic Growth, Low Oil Price, and High 
Oil Price cases produced using the current version of the NEMS The intent is to highlight areas where the two models produce 
significantly different results and explore the basis of those differences so that EIA will be able to ensure that the LFMM is ready 
for use as part of AE02073 

Coal marltet cases 
Two alternative coal cost cases examine the impacts on U S coal supply, demand, distribution, and prices that result from 
alternative assumptions about mining productivity, labor costs, mine equipment costs, and coal transportation rates The alternative 
productivity and cost assumptions are applied in every year from 2012 through 2035. For the coal cost cases, adjustments to the 
Reference case assumptions for coal mining productivity are based on variation in the average annual productivity growth of 2.8 
percent observed since 2000.  Transportation rates are lowered (in the Low Coal Cost case) or raised (in the High Coal Cost case) 
from Reference case levels to achieve a 25-percent change in rates relative to the Reference case in 2035. The Low and High 
Coal Cost cases represent fully integrated NEMS runs, with feedback from the macroeconomic activity, international, supply, 
conversion, and enduse demand modules 

* In the Low Coal Cost case, the average annual growth rates for coal mining productivity are higher than those in the Reference 
case and are applied at the supply curve level. As an example, the average annual productivity growth rate for Wyoming's 
Southern Powder River Basin supply curve is increased from -1.8 percent in the Reference case for the years 2012 through 
2035 to 0 8 percent in the Low Coal Cost case. Coal mining wages, mine equipment costs, and other mine s ~ p p l y  costs all 
are assumed to be about 21 percent lower in 2035 in real terms in the Low Coal Cost case than in the Reference case Coal 
transportation rates, excluding the impact of fuel surcharges, are assumed t o  be 25 percent lower in 2035. 

9 In the High Coal Cost case, the average annual productivity growth rates for coal mining are lower than those in the Reference 
case and are applied as described in the Low Coal Cost case. Coal mining wages, mine equipment costs, and other mine supply 
costs in 2035 are assumed to be about 27 percent higher than in the Reference case, and coal transportation rates in 2035 are 
assumed to be 25 percent higher. 

Additional details of the productivity, wage, mine equipment cost, and coal transportation rate assumptions for the Reference and 
alternative coal cost cases are provided in Appendix D. 

Cross-cutting integrated cases 
A series of cross-cutting integrated cases are used in AE02072 to analyze specific cases with broader sectoral impacts. For example, 
three integrated technology progress cases analyze the impacts of more rapid and slower technology improvement rates in the 
demand sector (partially described in the sector-specific sections above), and two other integrated technology cases examine the 
impacts of more rapid and slower technology improvement rates across both demand and supply/conversion sectors In addition, 
two cases also were run with alternative assumptions about expectations of future regulation of GHG emissions. 

Integrated technology cases 
In the demand sectors (residential, commercial, industrial, and transportation), technology improvement typically means greater 
efficiency of energy use and/or reduced cost In the energy supply/conversion sectors (electricity generation, natural gas and 
petroleum and other liquids supply, petroleum refining, etc.), technology improvement tends to mean greater availability of energy 
supplies and/or reduced cost of production (and ultimately prices). When alternative cases that examine the impacts of variation 
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in the rate of technology improvement are completed, combining the demand and supply/conversion sectors, the impacts on 
energy markets are sometimes masked because of the offsetting nature of technology improvements in the two areas. 

Two sets of alternative cases are used in AE02072 to examine the potential impacts of variation in the rate of technology 
improvement The first set looks at impacts on the demand sector in isolation The second set looks at the combined impacts of 
technology changes in both the demand and supply/conversion sectors The three demand technology cases-Integrated 2011 
Demand Technology, Integrated Best Available Demand Technology, and Integrated High Demand Technology-examine the 
impacts on the end-use demand sectors of variations in the rate of technology improvement, independent of the offsetting impacts 
of variations in technology improvement in the supply/conversion sectors 

EIA also completed two fully integrated technology cases that examine combined impacts on the demand and supply/conversion 
sectors The Integrated 2011 Technology case combines the assumptions from the Integrated 2011 Demand Technology case with 
an assumption that the costs of new fossil, nuclear, and nonhydroelectric renewable power plants are fixed at 2012 levels and do 
not improve due to learning during the projection period The Integrated High Technology case combines the assumptions from 
the Integrated High Demand Technology and the Low Renewable Technology Cost case with an assumption that the costs of new 
nuclear and fossil-fired power plants are lower than assumed in the Reference case, with costs 2 0  percent lower than Reference 
case levels in 2012 and 40 percent lower than Reference case levels in 2035. 

Greenhouse gas cases 
On May 13, 2010, the EPA promulgated standards for GHG emissions in the "Prevention of Significant Deterioration and Title V 
Greenhouse Gas Tailoring Rule" [ 1591 The rule sets up levels of CO2-equivalent emissions at new and existing facilities that make major 
modifications that increase GHG emissions which trigger coverage of the facilities in the New Source Review and Title V permitting 
program As a result of this and prior actions, regulators and the investment community are beginning to push energy companies to 
invest in less GHG-intensive technologies. To reflect the market reaction to potential future GHG regulation, a 3-percentage-point 
increase in the cost of capital is assumed for investments in new coal-fired power plants without CCS and new CTL plants without 
CCS in the Reference case and all other AD2072  cases except the No GHG Concern, GHG15, and GHG25 cases Those assumptions 
affect cost evaluations for the construction of new capacity but not the actual operating costs when a new plant begins operation. 

The three alternative GHG cases are used to provide a range of potential outcomes, from no concern about future GHG legislation 
to the imposition of a specific economywide carbon allowance price. AEO2Ol2 includes two economywide C02 price cases, the 
GHG15 and GHG25 cases, which examine the impacts of economywide carbon allowance prices. In the GHG15 case, the price is  
set at $15 per metric ton COZ in 2013 In the GHG25 case, the price is set at $25 per metric ton C02 in 2013. In both cases the price 
begins to rise in 2014 at 5 percent per year. The GHG cases are intended to  measure the sensitivity of the AE02012 assumptions 
to different C 0 2  prices that are consistent with previously proposed legislation At the time the AE02072 was completed, no 
legislation including a GHG price was pending, but the EPA is developing technology-based C02 standards for new coal-fired 
power plants In the two GHG cases for AE02072, no assumptions are made with regard to offsets, bonus allowances for CCS, or 
specific allocation of allowances 

The No GHG Concern case was run without any adjustment for concern about potential GHG regulations (without the 3-percentage- 
point increase in the cost of capital) In the No GHG Concern case, the same cost of capital is used to evaluate all new capacity 
builds, regardless of type. 

No Sunset case 
In addition to  the AEO2012 Reference case, a No Sunset case was run assuming that selected policies with sunset provisions-such 
as the PTC, ITC, and tax credits for energy-efficient equipment in the buildings and industrial sectors-will be extended indefinitely 
rather than allowed t o  sunset as the law currently prescribes. 

for the residential sector, the extensions include: (a) personal tax credits for selected end-use equipment, including furnaces, heat 
pumps, and central air conditioning; (b) personal tax credits for PV installations, solar water heaters, small wind turbines, and 
geothermal heat pumps; (c) manufacturer tax credits for refrigerators, dishwashers, and clothes washers, passed on t o  consumers 
at 100 percent of the tax credit value 

For the commercial sector, business ITCs for PV installations, solar water heaters, small wind turbines, geothermal heat pumps, 
and CHP are extended to the end of the projection. The business tax credit for solar technologies remains at the current 30-percent 
level without reverting to 10 percent as scheduled 

In the industrial sector, the existing ITC for industrial CHP, which currently ends in 2016, is extended to 2035. 

For the refinery sector, blending credits are extended, the $1 00 per gallon biodiesel tax credit is extended; the $0 5 4  per gallon 
tariff on imported ethanol is extended, and the $1.01 per gallon PTC for cellulosic biofuels is extended. 

for renewables, the PTC of 2.2 cents per kilowatthour for wind, geothermal, and certain biomass and the PTC of 1.1 cents per 
kilowatthour for hydroelectric and landfill gas resources, which currently are set to expire at the end of 2012 for wind and the end 
of 2013 for other eligible resources, are extended to 2035; and the 30-percent solar power ITC, which currently is scheduled to 
revert to 10 percent in 2016, is extended indefinitely. 
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Extended Policies case 

In the Extended Policies case, assumptions for tax credit extensions are the same as in the No Sunset case described above 
with the exception of the PTC extension for cellulosic biofuels and the tax credits for residential equipment subject to  updated 
Federal efficiency standards, which are dropped. Further, updates to Federal appliance efficiency standards are assumed to occur 
at regular intervals, and new standards for products not currently covered by DOE are assumed to be introduced Finally, proposed 
rules by NHTSA and the EPA for national tailpipe COz-equivalent emissions and fuel economy standards for LDVs, including both 
passenger cars and light-duty trucks, are harmonized and incorporated in this case 

Updates to appliance standards are assumed to occur as prescribed by the timeline in DOE'S multi-year plan, and new standards for 
products currently not covered by DOE are introduced by 2019. The efficiency levels chosen for the updated residential appliance 
standards are based on current ENERGY STAR guidelines Residential end-use technologies subject to updated standards are not 
eligible for No Sunset incentives in addition to  the standards The efficiency levels chosen for updated commercial equipment 
standards are based on thetechnology menu from theAE02011 Referencecaseand either FEMP-designated purchasingspecifications 
for Federal agencies or ENERGY STAR guidelines. National building codes are added to reach 30-percent improvement relative 
to IECC 2 0 0 6  for residential households and ASHRAE 901-2004 for commercial buildings by 2020, with additional rounds of 
improvements in 2023 and 2026. 

In the industrial sector, the ITC for industrial CHP is further extended to cover all system sizes rather than applying only to  systems 
under 5 0  megawatts, and the CHP equipment cap is increased from 15 megawatts to 25 megawatts These extensions are 
consistent with previously proposed legislation (S 1639) or pending legislation (H.R 2750 and 2784) 

For transportation, the Extended Policies case assumes that the standards are further increased, so that the minimum fuel economy 
standard achieved by LDVs continues t o  increase through 2035 
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Links current as of April 2012 

142 U.S. Energy Information Administration, The National Energy Modeling System An Overview 2009, DOE/EIA-0581(2009) 

143 U 5 Environmental Protection Agency, "Mercury and Air Toxics Standards," website www.ena.gov/mats 

144 U S Environmental Protection Agency, "Cross-State Air Pollution Rule (CSAPR)," website epa.nov/airtransuort CSAPR 
was scheduled to begin on January 1, 2012, however, the US. Court of Appeals for the D C Circuit issued a stay delaying 
implementation while it addresses legal challenges to the rule that have been raised by several power companies and States. 
CSAPR is included in AE02012 despite the stay, because the Court of Appeals had not made a final ruling at the time AEO2Ol2 
was published. 

145. U 5 Environmental Protection Agency and National Highway Traffic Safety Administration, "Greenhouse Gas Emissions 
Standards and Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles, Final Rule," Federal Register, Vol 
76, No. 179 (September 15,2011), pp 57106-57513, website www.noo.nov/fdsvs/okn/FR-2011-09-15/html/2011-20740.htm. 

146 California Air Resources Board (ARB), "California Cap on Greenhouse Gas Emissions and Market-Based Compliance 
M ec h a n ism s," Art i c I e 5 5 958 0 0 t o  9 60 2 3, we bsi t e w w w. a r b .ca .nov/cc/c a pa n d t rad e/c a pa nd t rad e. h t m 

147 U.5 Environmental Protection Agency, "July 21, 2011 Final Memorandum: Improving EPA Review of Appalachian Surface Coal 
Mining Operations Under the Clean Water Act, National Environmental Policy Act, and the Environmental Justice Executive 
Order," website water.epa.nov/lawsreas/nuidance/wetlands/mininn.cfm 

148 For the complete text of the American Recovery and Reinvestment Act of 2009, see website www.ppo.nov/fdsvs/pkn/PLAW- 
111 pu bl5/ht m I/PLAW-111 DU bl5. ht m. 

149. U.5 Energy Information Administration, Annual Energy Review 2010, DOE/EIA-0384(2010) (Washington, DC. October 2011), 
we bsi t e w w w. e i a .nov/a er 

150 U 5 Energy Information Administration, "Short-Term Energy Outlook," website www.eia.nov/forecasts/steo Portions of the 
preliminary information were also used to  initialize the NEMS Petroleum Market Module projection. 

1 51 U , S En erg y I n f o r m a t i o n Ad m in i st ra t i o n, "Manu f ac t u r i ng En erg y Con su m pt io n Survey," webs i t e w w w. e ia . doe .node m e u/m ec s 
152. U S Energy Information Administration, Assumptions to the Annual Energy Outlook 2012, DOE/EIA-0554(2012) (Washington, 

DC. June 20121, website www.eia.gov/forecasts/aeo/assumo'tions 

153. Alternative other liquids technologies include all biofuels technologies plus CTL and GTL. 

154. U S Energy Information Administration, Assumptions to the Annual Energy Outlook 2012, DOE/EIA-0554(2012) (Washington, 
DC, June 20121, website www.eia.gov/forecasts/aeo/assumptions 

155. High technology assumptions for the residential sector are based on U S  Energy Information Administration, HA-Technology 
Forecast Updates-Residential and Commercial Building Technologies-Advanced Case (Navigant Consulting, Inc with SAIC, 
September 2 01 1 1, and €/A - Tec hnolog y Forecast Updates- Residential and Commercial Building Technologies -Advanced Case: 
ResidentEal and Commercial lighting, Commercial Refrigeration, and Commercial Ventilation Technologies (Navigant Consulting, 
Inc, September 2008). 

156 High technology assumptions for the commercial sector are based on Energy Information Administration, EIA-Technology 
Forecast Updates-Residential and Commercial Building Technologies-Advanced Case (Navigant Consulting, Inc. with SAIC, 
September 2011), and €/A-Technology Forecast Updates-Residential and Commercial Building Technologies-Advanced Case: 
Residential and Commercial lighting, Commercial Refrigeration, and Commercial Ventilation Technologies (Navigant Consulting, 
Inc, September 2008). 

157. These assumptions are based in part on Energy Information Administration, Industrial Technology and Data Analysis Supporting 
the NEMS Industrial Model (FOCI5 Associates, October 2005)  

158 U 5. Energy Information Administration, Documentation of Technologies Included in the NEMS Fuel Economy Model for Passenger 
Cars and l ight Trucks (Energy and Environmental Analysis, September 2003) 

159. U 5 Environmental Protection Agency, "Final Rule. Prevention of Significant Deterioration and Title V Greenhouse Gas 
Tai I or i ng R u I e," webs i t e w w w. e o'a .nov/nsr/d oc um en t s/2 0 1 0 041 3 f s. od f . 

(Washington, DC October 20091, website www.eia.gov/oiaf/aeo/overview 
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Appendix F 

Pacific c1 Middle Atlantic 0 
New England 0 

East North Central 0 
West North Central 0 

West South Central 0 
East South Central 0 

South Atlantic 0 

Source: [I 5 Energy Information Administration, Office of Energy Analysis 
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Division 1 
New England 

Connecticut 
Maine 
Massachusetts 
New Hampshire 
Rhode Island 
Vermont 

Division 3 
East North 
Central 

Illinois 
Indiana 
Michigan 
Ohio 
Wisconsin 

Division 2 Division 4 
Middle Atlantic West North 

Central 
New Jersey 
New York 
Pennsvlvania 

Iowa 
Kansas 

Division 5 Division 7 Division 9 
South Atlantic 

Delaware 
District of 
Columbia 

Florida 
Georgia 
Maryland 
North Carolina 
South Carolina 
Virginia 
west Virginia 

Minnesota Central 
Missouri 
Nebraska Alabama 
North Dakota Kentucky 
South Dakota Mississippi 

Tennessee 

West South 
Central 

Arkansas 
Louisiana 
Oklahoma 
Texas 

Division 8 
Mountain 

Arizona 
Colorado 

Division 6 Idaho 
East South Montana 

Nevada 
New Mexico 
Utah 
Wyoming 

Pacific 

Alaska 
California 
Hawaii 
Oregon 
Washington 

Source: U S Energy Information Administration, Office of Energy Analysis 

232 U S .  Energy Information Administration I Annual Energy Outlook 2012 



Exhibit-RW-6 

1. ERCT 
2. FRCC 
3. MROE 
4. MROW 
5. NEWE 
6. NYCW 
7. NYLl 
8. NYUP 
9. RFCE 

10. RFCM 
11. RFCW 

TRE All 12. SRDA 
FRCC All 13. SRGW 
MRO East 14. SRSE 
MRO West 15. SRCE 
NPCC New England 16. SRVC 
NPCC NYCNVestchester 17. SPNO 
NPCC Long Island 18. SPSO 
NPCC Upstate NY 19. AZNM 
RFC East 20. CAMX 
RFC Michigan 21. NWPP 
RFC West 22. RMPA 

SERC Delta 
SERC Gateway 
SERC Southeastern 
SERC Central 
SERC VACAR 
SPP North 
SPP South 
WECC Southwest 
WECC California 
WECC Northwest 
WECC Rockies 

Source: iJ S Energy Information Administration, Office of Energy Analysis 
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PAD District I - East Coast 
PAD District I I  - Midwest 
PAD District Ill - Gulf Coast 
PAD District IV - Rocky Mountain 
PAD District V - West Coast 

Source: U S Energy Information Administration, Office of Energy Analysis 
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Source: U S Energy Information Administration, Office of Energy Analysis 
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Primary Flows 
- - -b Secondary Flows 
@ Pipeline Border Crossing 
11, LNG Imports 

Source: U S Energy Information Administration, Office of Energy Analysis 
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1000 -2 
SCALE IN MILES 

NORTHERN GREAT PLAINS 
c? Dakota Lignite 
i___i Western Montana APPALACHIA 

LEI Northern Appalachia 
0 Central Appalachia 

U Wyoming, Northern Powder River Basin 
I Wyoming, Southern Powder River Basin 

Southern Appalachia Western Wyoming 

INTERIOR OTHER WEST 
El Eastern Interior c? Rocky Mountain 
i___i Western Interior D Southwest 
L__J Gulf Lignite E 3  Northwest 

Source: U S Energy Information Administration, Office of Energy Analysis 
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Region Code 

1. NE 
2. YP 
3. S I  
4. s2 
5. GF 
6. OH 
7. EN 
8. KT 

- -- -I__-__ 

Region Content 
~ _ _ - -  - 

CT,MA,ME,NH,RI,VT 
NY, PA, N J 
WV, M D, DC, DE 
VA, N C ,SC 
GA,FL 
OH 
IN,IL,MI,WI 
KY,TN 

_-__ _ I_-  - -__ 

Source: IJ S Energy Information Administration, Office of Energy Analysis 

Region Code 

9 .AM 
10. c1 
11. c 2  
12. ws 
13. MT 
14. CU 
15. ZN 
16. PC 

Region Content 

AL,MS 
MN,ND,SD 
IA,NE,MO,KS 
TX,LA,OK,AR 
MT, WY, I D 
CO,UT,NV 
AZ,NM 
AK,HI,WA,OR,CA 
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Fuel 

Appendix 6 

Units Approximate 
heat content 

Table 6 1 .  Heat rates 

Coal' 
Production 
Consumption 
Coke plants 
Industrial 
Residential and commercial 
Electric power sector 

Imports 
Exports 

Coal coke . . . . . . . . . . . . .  
Crude oil 
Production . I I I . . , 

Petroleum products and other liquids 
Consumption' I . . I . I I . . I " " " 

Motor gasoline' I . I , I " , . . . 
Jet fuel I I I I , , I " 1 I . . 
Distillate fuel oil' " ^ ^ " "  

Diesel fuel' . I . . . .  . . . . . .  . 
Residual fuel oil . . I , I I I , , . . I I I I I 

Liquefied petroleum gases' , I I I I I 

Kerosene . . . . . . . . . . . . . . . . . .  
Petrochemical feedstocks' , . . I I I . . 
Unfinished oils I I I . , I I I . I . 

Exparts' . . . . . . . . . . . .  . . . . . . .  . 
Ethanol . . . . . . . . . . . . . . .  . . . .  . . .  
Biadiesel . I I I 

Imports' I . I I I . . . " " " "  

Exports I . , I " I . I I I . . I 

Electricity consumption .... I ......... 

million BtU per short ton 
million Btu per short ton 
million Btu per shart ton 
million Btu per shart ton 
million Btu per short ton 
million Btu per short ton 
million Btu per short ton 
million Btu per short ton 

million Btu per short ton 

million Btu per barrel 
million Btu per barrel 

million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million Btu per barrel 
million BttJ per barrel 

million Btu per barrel 

Btu per cubic faot 
Btu per cubic foot 
Btu per cubic foot 
Btu per cubic foot 
Btu per cubic foot 
Btu per cubic foot 

Btu per kilowatthour 

20 192 
19 847 
26 297 
20 433 
21 188 
19 623 
24 719 
25 698 

24 800 

5 800 
5 989 

5 254 
5 100 
5 670 
5 771 
5 762 
6 287 
3 557 
5 670 
5 510 
6 118 
5 337 
5 851 
3 561 
5 359 

3 674 

1,024 
1,024 
1,025 
1,022 
1,025 
1,009 

3,412 

'Conversion factor varies from year to year The value shown is for 2010 
Btu = British thermal unit 
Sources: U S Energy Information Administration (EIA). Annual Energy Review 2010, DOEIEIA-0384(2010) (Washington, DC, 

October 201 l ) ,  and EIA, AE02012 National Energy Modeling System run REF2012 00201 12C 
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Please state your name, business address, and position. 

My name is William Steinhurst, and I am a Senior Consultant with Synapse 

Energy Economics (Synapse). My business address is 32 Main Street, #394, 

Montpelier, Vermont 05602. 

Please describe Synapse Energy Economics. 

Synapse Energy Economics is a research and consulting firm specializing in 

energy and environmental issues, including electric generation, transmission and 

distribution system reliability, ratemaking and rate design, electric industry 

restructuring and market power, electricity market prices, stranded costs, 

efficiency, renewable energy, environmental quality, and nuclear power. 

Synapse’s clients include state consumer advocates, public utilities commission 

staff, attorneys general, environmental organizations, federal government and 

utilities. 

Please summarize your work experience and educational background. 

I have over thirty years of experience in utility regulation and energy policy, 

including work on renewable portfolio standards and portfolio management 

practices for default service providers and regulated utilities, green marketing, 

distributed resource issues, economic impact studies, and rate design. Prior to 

joining Synapse, I served as Planning Econometrician and Director for Regulated 

Utility Planning at the Vermont Department of Public Service, the State’s Public 

Advocate and energy policy agency. I have provided consulting services for 

various clients, including the Connecticut Office of Consumer Counsel, the 

Illinois Citizens Utility Board, California Division of Ratepayer Advocates, the 

D.C. and Maryland Offices of the Public Advocate, Delaware Public TJtilities 

Commission, Regulatory Assistance Project, National Association of Regulatory 

Utility Commissioners (NARUC), National Regulatory Research Institute 

(NRRI), American Association of Retired Persons (AARP), The Utility Reform 
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Network (TURN), Union of Concerned Scientists, Northern Forest Council, Nova 

Scotia Utility and Review Board, TJS. Environmental Protection Agency (EPA), 

Conservation L,aw Foundation, Sierra Club, Southern Alliance for Clean Energy, 

Oklahoma Sustainability Network, Natural Resource Defense Council (NRDC), 

Illinois Energy Office, Massachusetts Executive Office of Energy Resources, 

James River Corporation, and Newfoundland Department of Natural Resources. 

I hold a B.A. in Physics from Wesleyan University and an M.S. in Statistics and 

Ph.D. in Mechanical Engineering from the University of Vermont. 

I have testified as an expert witness in over 30 cases on topics including utility 

rates and ratemakirig policy, prudence reviews, integrated resource planning, 

demand side management policy and program design, utility financings, 

regulatory enforcement, green marketing, power purchases, statistical analysis, 

and decision analysis. I have been a frequent witness in legislative hearings, and 

represented the State of Vermont, the Delaware Public TJtilities Commission 

Staff, and several other groups in numerous collaborative settlement processes 

addressing energy efficiency, resource planning and distributed resources. 

I was the lead author or co-author of Vermont’s long-term energy plans for 1983, 

1988, and 199 1 , as well as the 1998 report Fueling Ver~~ont’s  Future: 

Comprehensive Energy Plan arid Greenhouse Gas Action Plan, and also 

Synapse’s study Portfolio Management: How to Procure Electricity Resources to 

Provide Reliable, Low-Cost, and EfJjcient Electricity Services to All Retail 

Customers. In 2008, I was commissioned by the National Regulatory Research 

Institute (NRRI) to write Electricity at a Glance, a primer on the industry for new 

public utility commissioners, which included coverage of energy efficiency 

programs. In 201 1, NRRI commissioned a second edition of that work. 

A copy of my current resume is attached as Exhibit WS-1 
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A 

On whose behalf are you testifying in this case? 

I am testifying on behalf of Sierra Club. 
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1 ave you testified previously before the entucky Public Service 
2 Commission? 
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No, I have not. However, I did prepare prefiled testimony in Kentucky PSC Cases 

No. 20 1 1-001 6 1 and No. 20 1 1-00 162, which were settled. 
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What is the purpose of your testimony? 

Rig Rivers Electric Corporation (“BREC” or the “Company”) has requested that 

the Cornmission issue Certificates of Public Convenience and Necessity 

(“CPCN”) for certain environmental upgrades at its coal fired power plants. See 

Berry prefiled direct at 39 and BREC Exhibit Berry-2. I will refer to those 

projects as the Environmental Retrofits. The purpose of my testimony is to 

provide an opinion, based on Synapse’s analysis of the Environmental Retrofits 

and BREC’s studies in support of its Application for the CPCNs, as to whether 

the proposed Environmental Retrofits are reasonable and cost-effective for 

complying with the environmental requirements the Company faces and 

providing least-cost service. Witness Wilson’s accompanying testimony reviews 

the regulatory requirements and the Company’s economic justifications for the 

Environmental Retrofits. For that purpose, she reviews the current and expected 

running costs of the Company’s coal-fired units, and compares these costs to 

different alternatives. My testimony discusses the resource options BREC 

evaluated, the range of future scenarios it used to evaluate those resource options, 

its projection of revenue requirements for each resource option under those future 

scenarios and its conclusions regarding the merits of its proposed CPCN based 

upon its projections and analyses. 

24 2. FINDINGS AND OVERVIEW OF TESTIMONY 

25 Q 
26 

27 A 

28 

29 

In your opinion, do the facts and evidence presented in this case support the 
Company’s request for a CPCN for the proposed environmental upgrades? 

No. The Company has not demonstrated that its proposed CPCN is reasonable 

and cost-effective for complying with the environmental requirements the 

Company is facing. That conclusion is based upon the results of our review 
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which indicates that the Company has not evaluated the full range of resource 

options available to it, that its projections of revenue requirements for the 

resource options it did evaluate are not correct, that its evaluation of future 

scenarios does not include a reasonable projection of carbon prices and that its 

risk analysis is subjective and flawed As set out in the testimony of witness 

Wilson, the Company’s economic justification for these environmental retrofits 

did not consider a full range of alternative compliance options and contained 

several flaws that bias its analysis in favor of installation of emission control 

retrofit projects. When a number of those errors are corrected, the results show 

that alternatives to the Environmental Retrofits are less costly and less risky. 

What is your understanding of the standard for issuance of a CPCN in 
Kentucky? 

My understanding is that, before the Commission can grant such a certificate for a 

facility, it must determine that there is both a need for the facility and that 

construction of the new system or facility will not result in duplication. This 

standard requires more than just a showing that there is a need for new generation, 

as the statutory mandate to avoid “wasteful duplication” logically means that the 

new system or facility should not represent an excessive investment. Commission 

decision-making is guided by the overall requirement that utility rates are “fair, 

just, arid reasonable.” KRS 0 278.030( 1); KRS 0 278.040. As a policy matter, I 

view these requirements as equating to the need for a showing that resources are 

the least-cost means of providing utility service since a resource plan that is not 

least cost cannot result in just and reasonable rates. 

24 3. EXPECTATION FOR SOUND UTILITY PLANNING 

25 Q HOW DOES BREC’s DECISION MAKING PROCESS COMPARE WITH 
26 
27 mASONABLE DECISION? 

28 A 

29 

THE PROCESS A COMPANY WOULD FOLLOW TO INFORM A 

BREC is conducting a business affected with the public interest. It should plan for 

the provision of utility service in a manner designed and implemented to provide 

30 adequate and reliable service consistent with public policy and in a manner 
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designed to minimize long-term cost of service to Customers while managing risk 

to customers in a reasonable way. I have discussed this approach at length 

elsewhere. (See, for example, Portfolio Management: Tools and Pmctices~ for 

Regulator-s, 9/29/2006, attached as Exhibit WS-2.) BREC’s planning in regard to 

the subject matter of this proceeding should be held to that same standard: an 

assessment of all of its options for meeting customer needs arid conducted in a 

manner that considers all of its options on a level playing field. Specifically, 

BREC should have done the following: 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

Identify All Currently Known Regulatory Requirements and Identify 

Emerging and Reasonably Likely Future Regulatory Requirements 

Identify and Evaluate All Alternatives for Compliance and Alternatives to 

Compliance 

Perform Correct Life-Cycle Economic Analyses, Including Sensitivity Cases 

and other Risk Analysis of All the Alternatives 

Make a Decision Based on the Aforementioned Information 

Re-Evaluate the Decision as Significant Milestones Are Reached 

Balance Cost/Risk In Implementation Method 

Actively Manage the Implementation To Assure Budget, Schedule and 

Performance Compliance 

Unfortunately, BREC has failed in at least the first four of those requirements as 

explained below. 

4. DESCRIPTION OF WAYS IN WHICH B m C  PLANNING IS LACKING 

Q Was BREC’s planning and economic analysis for its Environmental Retrofits 
correct? Was it consistent with least cost planning principles and good utility 
management? 

BREC’s planning and economic analysis for its Environmental Retrofits was not 

correct, nor was it consistent with least cost planning principles and good utility 

A 
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2 follows: 

management. Sierra Club witness Wilson summarizes the errors she identified as 

3 

4 management (DSM); 

The load forecast, which does not include the effects of demand side 

S The input natural gas price forecast from the PACE Global modeling; 

The use of a carbon dioxide (COz) emissions price to determine the energy 

market prices in the PACE Global modeling, but leaving it out of the 

ACES production cost modeling and the dispatch of generating units; 

9 e The resulting output energy prices from the PACE Global modeling/ Use 

10 of inflated market prices; 

11 

12 

0 The assumption that capacity, heat rates, forced outages and availability 

factors stay constant over time; and 

13 

14 

0 The use of both real and nominal dollars in calculations of net present 

value revenue requirement (NPVRR) in the BREC financial modeling. 

1s 

16 

17 

18 

19 

20 

Witness Wilson also describes BRIX’S failure to model all controls, failure to model 

units individually, and failure to compare to alternatives. Sensitivity analyses were 

extremely limited and did not cover the range of important input uncertainties. None 

of these practices is consistent with correct implementation of least-cost planning 

principles or with good utility management. I will discuss the utility planning 

implications of BREC’s errors below. 

21 a. Piecemeal Approach to Pending and Emerging Regulations 

22 Q 
23 

24 A 

25 

26 

27 

Does correct least-cost planning require treating emerging and reasonably 
expected regulatory requirements in a particular manner? 

Yes. Investments necessary to meet emerging and reasonably expected regulatory 

requirements must be considered as part of the forward going costs of any plant, 

just as with the investments necessary to meet currently known requirements. 

Unfortunately, BREC erred in at least two ways on this point by including in its 
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economic modeling the costs of select control technologies rather than the entire 

suite of controls likely or reasonably expected for future compliance. 
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First, BREC chose to treat some emerging and reasonably expected regulatory 

requirements as “speculative” and ignored the risk of forward going costs for 

meeting those requirements. For example, BREC witness Berry states “potential 

NAAQS [national ambient air quality standards] reductions are not expected to be 

published until 201 6 with compliance possibly due in 201 8. At this time, 

anticipated NAAQS reductions are merely speculative and will be addressed in 

future environmental compliance plans.” He also takes a similar position 

regarding “EPA-proposed regulations under $3 16(b) of the Clean Water Act - 
Waste Water Intake Impingement Mortality & Entrainment, Waste Water 

Discharge, and Coal Combustion Residuals (CCR).” Berry prefiled direct at 27- 

29. 

Second, BREC failed to treat the alternatives on a level playing field with respect 

to potential carbon emission costs. BREC burdened market alternatives (mainly 

natural gas energy purchases) with carbon costs, but failed to similarly burden the 

forward going costs of the coal plants it proposes for Environmental Retrofits. 

This is a fundamental error in least cost planning. 

This piecemeal and biased analysis is inconsistent with the principles of least cost 

planning and the requirements for a CPCN. 

b. Creation of a Bias in Favor of Additional, Future Environmental 
Retrofits 

Does BREX’s failure to comprehensively plan for least-cost solutions to its 
regulatory requirements create any other concerns? 

Yes. Once the proposed Environmental Retrofits are made, their costs are sunk 

and not avoidable. Then, any incremental costs imposed by other regulations, 

such as emerging and reasonably expected regulations, would be evaluated on 

their incremental economics. However, from today’s point of view that distorts 

the true economics of decisions about the proposed Environmental Retrofits vs. 
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the alternatives. Again, a piecemeal approach to economic evaluations distorts the 

economic analysis of alternatives. While some emerging and reasonably expected 
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regulations are in flux and costs may be uncertain, totally ignoring those potential 

costs biases the analysis in favor of the proposed Environmental Retrofits. 

As a general matter, how should B C approach planning for 
environmental regulation? 

Under EPA’s multi-faceted approach, plant owners can and should 

comprehensively plan for compliance. While BREC retained Sargent and Lundy 

to perform the initial steps in a comprehensive plan for compliance, BREC failed 

to follow through. As an example of this lack of follow through, BREC modeled 

only the emission control retrofits for Cross State Air Pollution Rule (CSAFR) 

and Mercury Air Toxics Standard (MATS) and, then only a subset of the controls 

recommended by Sargent & Lundy to comply with these niles. Also of 

importance, BREC did not consider forward going costs for compliance with 

NAAQS revisions, the CCR nile, the Water Intake (3 16(b)) rule, and new effluent 

limits despite its expectation that those regulations will drive hrther capital 

expenditures. Berry direct prefiled at 27 ff.; DePriest direct prefiled at 10. BREC 

stated it did not consider costs for compliance with NAAQS revisions simply 

because they would not need to comply immediately. Berry, loc. cit. This position 

of BREC’s in the face of Sargent & Lundy’s caution that “In order to achieve 

Compliance with potential NAAQS emission reductions, BMC would need to alter 

their compliance strategy,” is not sound utility planning. S&L report at 6-4. 

BREC implicitly admits it should use a 20-year planning horizon, but fails to 

consider reasonably foreseeable costs for future environmental controls during 

that period. Such shortsighted analysis stacks the deck in favor of the proposed 

Environmental Retrofits because it only looks at subset of costs needed to go 

down that road. As a result, its 2012 Environmental Plan fails to deliver a least 

cost solution to meeting customer needs. Failure to consider all options in a 

cohesive fashion makes it impossible for the Commission to find that retrofits are 

least cost. 
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id any of the other errors BREC made in its economic analysis of 
compliance options materially affect the outcome of its analysis? 

Yes. Among the material errors BREC made were 

Using a natural gas price forecast that is out of date and higher than current 

forecasts, 

Using a COz emissions price in the determination of market energy prices, but 

not in unit running costs, arid 

Exclusion of ongoing operating and maintenance (O&M) costs at each of the 

coal units. 

Others are listed above and in the prefiled direct testimony of witness Wilson. 

I am also concerned about the limited sensitivity analyses. In response to 

discovery request KTTJC 2-5, Big Rivers states that it relied on a single estimate of 

fuel costs, market prices, allowance prices, etc., as support for its application to 

the Commission. 

Q. Please explain why Big Rivers used a forward energy 
price forecast from both Pace Global (“Pace”) and APM in the 
cases studied. 

A. Pace’s analysis was developed to incorporate a wide 
range of market uncertainties on key drivers such as fuel prices, 
electric load growth, carbon compliance costs, and power market 
prices. This approach provided the context under which Pace 
developed a reference case hourly price projection for use in 
further production cost models. 

The fact that many variations of input assumptions were used to generate one or 

more of the reference case input assumptions does not immunize that reference 

case, itself, from uncertainty. Failure to present sensitivity cases showing whether 

the proposed Environmental Retrofits are appropriately robust is not good utility 

practice and should lead to the Cornmission not to put much weight on it the 

Application as evidence for the retrofits. 
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1 ode1 Retrofits Against Relevant Alternative Options 
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Did BRIEC compare the proposed Environmental Retrofits to a full array of 
alternatives? 

No, it did not. BREC’s cost effectiveness evaluation considered three cases: a 

Build Case (in which it installed all the Environmental Retrofits); a Partial Build 

Case (in which it installed all but one of those retrofits) and a Buy Case (in which 

it installed only MATS retrofits). Hite direct at 6. One of those cases considered 

market purchases, but only as an alternative to some of the controls, not as an 

alternative to continued operation of one or more of the coal generating units. 

Other alternatives, such as new natural gas plant, gas conversions, retirements, 

purchased power agreements for excess capacity, energy efficiency programs and 

renewable resources were not modeled. 

To illustrate the importance of this omission, Synapse compared the Build Case to 

one of those alternatives-a new natural gas combined cycle (NGCC) unit first 

using BREC’s input assumptions and then using several combinations of more 

appropriate assumptions. Witness Wilson explains that process and those 

combinations of assumptions in her prefiled testimony. Those scenarios show 

that, with reasonable input assumptions and correcting several errors made by 

BREC in its analyses, replacement of BREiC’s coal units with natural gas 

combined-cycle replacement options is more economical on an NPVRR basis 

than the proposed Environmental Retrofits by between 12 and 20 per cent, 

depending on the unit, for a fleet-wide savings in excess of one billion dollars 

NPVRR. 

24 Q 

25 A 

26 

27 

28 

29 

Would not reliance on natural gas generation entail some price uncertainty? 

Yes, as with many other options, reliance on natural gas as a fuel entails some 

price volatile over short and mid-term, perhaps somewhat more so than coal. 

However, natural gas is not necessarily the only alternative that could be included 

in a diversified portfolio for BREC that should include increased levels of DSM 

and renewable resources such as wind. Further, those price fluctuations can be 
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A 

Q 
A 

hedged over the short- to mid-term, and the coal retrofit case brings its own suite 

of risks including excess capacity, cost overruns (discussed below), aging plant 

considerations, filture carbon regulation, and more. Furthermore, a resource 

portfolio so dominated by one technology and one fuel as BREC’s is quite brittle 

compared to a diverse portfolio of multiple filels, market purchases, energy 

efficiency, load management and renewables. 

You mentioned energy efficiency resources as one alternative not considered 
by BREX. Please explain further. 

On page 29 of his prefiled direct, witness Berry states that “the magnitude of 

potential savings from DSM and energy efficiency is insufficient to materially 

assist Big Rivers in complying with CSAPR and MATS.” 

Are you surprised by that conclusion and do you agree with it? 

I do not agree with that conclusion, but am not surprised that BREC would reach 

it, as the DSM programs being implemented by BREC are nowhere near what is 

readily achievable by a utility. 

BREC’s assertion is merely conclusory and fails to consider the possibility that 

DSM and energy efficiency could make a difference to the economics of even one 

of BREC’s many coal units. It is also contrary to the experience of national 

leaders in energy efficiency who have found it possible to achieve savings in 

excess of 1 % of retail sales per year consistently for a decade or more. However, I 

am not surprised that BREC should reach such a conclusion, based on its 

approach to DSM evidenced in its 2010 IRP. For example, on page 7-14 of that 

I W ,  BREC states that, Big Rivers and its three distribution member cooperatives 

currently primarily provide education about energy efficiency, with the exception 

being distribution of CFL, lighting at no cost to members.” In my thirty-some 

years of experience with the design of DSM programs, I have not seen any utility 

that took such a stance succeed in achieving substantial savings. 

Further, In Section 8 of that IRP, BREC presents the projected savings of it future 

DSM programs, and those savings amount to approximately 0.01% of annual non- 
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smelter sales each year. This is barely a token amount, representing a tiny fraction 

of the sustained annual savings rate achievable by a vigorous utility DSM 

program. Such a vigorous program can also be ramped up by committed utility 

managers within about three years, especially now that effective program designs 

are well understood. 

All in all, it is clear that BREX has not considered DSM and energy efficiency 

seriously and that, if it had, it would have found that energy efficiency resources 

would have made a difference in its ability to retire existing units and rely on 

other resources. It is important to note that sustained savings in energy sales of 

I% per year from DSM programs would result in a load reduction in excess of 

10% after a decade. This is certainly an amount that can make a difference in the 

resource needs of BREC and its customers. 

e. All or Nothing Alternatives 

You mentioned that DSM resources might well have made a difference in the 
economics of at least some of BREC’s units. Please explain further the 
modeling of individual units. 

As witness Wilson explains in her prefiled direct, BREC’s Build Case resource 

scenario analyzed all its coal units as retrofitted. BREC did not analyze the 

opportunities to retrofit some units and retire others in favor of alternatives. I am 

concerned that this distorts the outcome, especially in the Smelter sensitivities. If 

B N C  had done its analysis on a unit-by-unit basis, it is likely that DSM could 

have offset the need to retrofit or replace some units. This is especially 

problematic given the Smelter sensitivities. In particular, BREC’s assertion that 

’ For exaniple, in 2007, states had utility and public benefit progranis that saved electric energy at a rate in 
excess of 0.5% of retail sales (total retail sales, not excluding large industrial sales as in the above 
Kentucky example) included Vermont, Connecticut, California, Massachusetts, Minnesota, Washington, 
Oregon, Rhode Island and Iowa. Dan York, Patti Witte, Seth Nowak and Marty Kushler, Three Decades 
and Counting: A Historical Review and Ciirren t Assessment of Electric Utility Energy Eficiency Activity in 
the States, June 27,201 2, ACEEE Research Report U123, available at http://aceee.org/research- 
reporthl23. 
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the Smelter sensitivity showed no change in the least cost strategy should be 

given no weight due to this analytical defect. 
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21 Q 
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31 

32 

33 

REC consider any coal plant retirements or natural gas conversions 
(aside from the Reid plant) in its economic analysis? If not, why not? 

Apparently, BREC did not consider any coal plant retirements in its economic 

analysis. Itjustified this in the following way in its Response to KnJC 1-26: 

Because of the significant number of generating units involved and the 
significant unamortized plant balance of the coal units that are being 
upgraded, retirement of the coal plants or converting them to natural gas 
would result in the need to recover, through rates, the Unamortized plant 
balances of the coal plants in addition to any costs of converting the plants 
to natural gas. Big Rivers believed that this cost could be avoided by 
pursuing upgrades that would control emissions and comply with EPA 
regulations for an average cost of about $169 per kW compared to an 
overnight installed cost of $626 per kW for an advanced combustion 
turbine and $917 per kW for a new combined cycle unit (Assumptions to 
the Annual Energy Outlook for 201 1 , DOE EIA, p. 97; see attached). 
These differences were so large that Big Rivers did not consider it 
necessary to evaluate the option of retiring coal plants or converting them 
to natural gas. 

Is that justification sound? 

No, it is not. In fact, BREC’s excuse is economic nonsense. 

I do not necessarily agree that, in the event of a coal unit retirement, the 

unamortized values would be recoverable in rates under traditional ratemaking. 

However, from a least cost planning point of view it is irrelevant whether the 

unamortized costs of those plants are recoverable in rates. That is because, 

whether or not those costs would be recoverable from BREC’s ratepayers, they 

could not “be avoided by pursuing upgrades that would control emissions and 

comply with EPA regulations.” Rather, those costs are sunk and are completely 

unaffected by any decision regarding the proposed Environmental Retrofits. This 

hndamental error is compounded by erroneously comparing capital resources on 

the basis of their overnight installed cost rather than a full life-cycle revenue 

requirement. 
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The following example should clarify this point. Assume for the sake of argument 

that (1) the unamortized cost of BRJX’s coal plants at this time including the 

present value of any carrying charges (TIER, etc.) is $1 Billion, (2) the life cycle 

cost of retrofitting and operating those plants is $7.4 Billion, (3) the life cycle cost 

of retiring those plants and replacing them with NGCC plants is $6.2 Billion, and 

(4) nothing else in BREC’s cost of service will change between those two 

strategies. Then the cost of service difference (NPVRR) will be: 

8 

9 

10 

11 

12 

13 

14 
1s 
16 

17 

18 

19 

20 

21 

22 

Strategy Build Case (Install 
proposed 
Environmental 
Retrofits) 
$1 Billion Amortization of 

existing rate base 

operating costs of 

Alternative Case 
(retire existing 
plants and replace 
with NGCC) 
$1 Billion 

$6.2 Billion 

$7.2 Billion 

Difference 

~ $1.2 Billion 

$1.2 Billion I 

Clearly, even if we grant BREC the benefit of the doubt on whether the existing rate 

base would, in fact, be recoverable from customers under the Alternative Case, the 

amount of that existing rate base cancels out and makes no difference in which 

strategy is least cost. 

5. OTHER CONCERNS WITH THE PROPOSED ENVIRONMENTAL RETROFITS 

Q In considering the cost-effectiveness of BREC’s plan, can the Commission be 
confident that the cost estimates presented for the Environmental Retrofits 
will not increase? 

Not necessarily. First of all, there is the concern already discussed above that the 

costs presented do not include all of the environmental upgrade costs that BREC 

would need to enable its plants to continue operating, even with the proposed 

Environmental Retrofits. Second, as has already been discussed, BREC has not 

included a specific estimate of owner’s costs for the proposed Environmental 

Retrofits and has not accounted for fixture capital additions that will be needed to 

A 
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keep the plants running. In addition, there is reason to expect the final costs of 

such retrofits would exceed the estimates typically offered by utilities at this stage 

of development. A recent example is the case of AEP’s Big Sandy retrofit 

proposal where there was an increase of about 130% in estimated costs from the 

base engineering, procurement and construction (EPC) cost to total company cost 

(fiom $409 million before escalation and contingency to $940 million after 

“associated” costs, the cost of landfill modifications required to accept flue gas 

desulfurization waste, a 20% contingency, American Electric Power owner costs, 

and allowance for finds used during construction (AFUDC)). I understood that 

the BREC cost estimate does include contingency and escalation, but describe this 

recent experience as an illustration of what may happen to initial estimates. 

I would also observe that Sargent and L,undy characterizes its capital cost 

estimates as follows in Sec. 5.1.1 of its report included in the BREC Application: 

The capital costs do not include; sales taxes, property taxes, license 
fees and royalties, owner costs, or AFUDC (Allowance for Funds 
Used During Construction). The costs are based on a minimal- 
contracts lump-sum project approach. The total installed costs are 
factored from recent prqjects and quotes obtained by S&L. No 
specific quotes or engineering was completed for any of the 
pro-jected upgrades for the BREC units. The costs provided herein 
reflect an approximate accuracy of +/-20% and are not indicative 
of costs that may be negotiated in the current marketplace. These 
costs should not be used for detailed budgeting or solicitation of 
pollution control bonds. 

(I have mentioned owner’s costs above.) This suggests some considerable 

uncertainty. There is some reason to believe that capital costs for such equipment 

may increase over the next few years due to greater demand. I also note that a 

20% margin is greater than the margin by which the proposed Environmental 

Retrofit life cycle costs exceed NGCC life cycle costs, even in the scenarios that 

assume BREC’s input assumptions. (See Wilson Table 1 .). Further, in response to 

SC 2-4, BREC failed to provide the requested information on cost overruns of 

prior major capital projects. 
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1 6. CONCLUSIONS AND RECOMMENDATIONS 

Q. 

A 

Please summarize the major conclusions and recommendation from your 
review of the Company’s request. 

My first conclusion is that the Company has not demonstrated that its proposed 

CPCN for Big Rivers is reasonable and cost-effective for complying with the 

environmental requirements the Company is facing. That conclusion is based 

upon the results of our review, which indicates that the Company has not 

evaluated the full range of resource options available to it, that its projections of 

revenue requirements for the resource options it did evaluate are not correct, that 

its evaluation of future scenarios does not include a reasonable projection of 

carbon prices and that its risk analysis is flawed. My second, related, conclusion is 

that allowing BREC to recover the costs of installing environmental control 

equipment on Big Rivers .from ratepayers will not result in just and reasonable 

rates. 

2 
3 

4 

5 

6 

7 
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10 

11 

12 

13 

14 

1s 

16 

17 

18 

Based upon those conclusions my recornmendation is that the Commission not 

approve the Company’s request for a CPCN for Big Rivers. 

Q. Does this complete your Direct Testimony? 

A Yes. 
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1.1. Background an rpose 
Ensuring that reliable retail electric service is being provided at reasonable rates is more 
cliallenging than ever. 

The providers of the generation component of that retail service, regardless of the 
presence or absence of retail competition, face a host of major uncertainties. These 
include high and volatile natural gas prices, uncertain wholesale power prices, 
uncertainty regarding the feasibility and economics of new generation capacity, and a 
wide range of possible environniental regulation futures, particularly with respect to 
greenhouse gas emissions. Providers must address those uncertainties when clioosing 
supply strategies, resource mix, and ownership or contracting arrangenients. 

Regulators are faced with the difficult task of aligning resource plans and procurement 
strategies with the policy objectives of their particular jurisdiction. Those policy 
objectives may include enhancing reliability, managing risk, improving the performance 
of wholesale and retail markets and achieving reasonable rates. In other words, they must 
deteniiine whether the proposed resource plans and procurement strategies represent “the 
best” choices from the full range of viable alternative plans and strategies, given their 
objectives. 

Regulators face these challenges both in jurisdictions with retail competition and fully 
regulated states. Some states, such as Delaware, have recently enacted legislation 
mandating changes to procurenient policies. Others have grappled with these issues in 
various regulatory proceedings to institute new or updated procurement policies. 
Examples of recent relevant cases and proceedings in states with, or introducing, retail 
competition include: 

0 Illinois-Commerce Coniinission Docket OS-0 159, Cominonwealth Edison 
Auction, Dockets OS-0 160, 0 I 6 1 and 0 162, Ameren TJtilities 

0 Delaware-Executive Order No. 82 

Examples of recent relevant cases and proceedings in vertically integrated states include: 

0 

0 

California-Rulenialtings 0 1 - 10-024 and 04-04-003 

Oregon-Public IJtility Comiiiission Dockets TJM- 1 OS6 and UM- 1066 
regarding IRP Policy 

Montana-Montana Adniinistrative Rules, sub-chapter 20: Least Cost 
Platining-Electric TJtilities. 38.5.2004 

0 

The parties to such proceedings must grapple with a number of questions at both a broad 
and detailed level. Broad questions that arise include: 

’ Electric Utility Retail Consumer Act of 2006, 7.5 Del. Laws ch. 242 (Apr. 6, 2006) 
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What level of price volatility is tolerable for customers, taking into account 
the means at their disposal for managing that risk? 

How can portfolio nianageiiient help address public interest conceiiis 
regarding the level and stability of electricity prices? 

Over what timefiaiiie will the proposed strategy apply? 

What level and stability of prices are expected to result during that time? 

What are the key assumptions underlying those expectations? 

How sensitive is the expected level and/or stability of prices to a change in 
those assumptions? 

What flexibility is there to modify the strategy in response to changes in 
demand or supply cotiditions; at what points in time is that possible; and what 
is the process for doing so? 

What alternative strategies were or should be considered, including energy 
efficiency, demand response, and renewable energy resources? 

How do those alteiiiative strategies compare in ternis of level, stability, and 
sensitivity of prices to changes in assuniptio~is? 

More detailed questions can also arise, such as: 

What quantity of supply should be sought in each procurement and for what 
contract duration( s)? 

What portions of supply should be acquired through utility-owned generation, 
short-term purchases (e.g. day ahead markets), short- or long-teim fixed price 
contracts, contracts for output froiii renewable energy resources, and 
investments in energy efficiency and demand side nianageinent (DSM)? 

When and how ofien should auctions, RFPs, or other procurements be held? 

How should auctions or procureiiients be designed to attract bids from 
providers of energy efficiency and renewable resources in addition to 
traditional supply side resources? 

Will the proposed strategy limit the ability to respond to carbon emission 
policies in the future? 

Will the proposed strategy limit the ability to respond to newly available 
resources, projects, or technologies in the future? 

Will the proposed strategy result in long-teiiii coni~nitme~its that have a high 
probability of exposing the provider or its custoniers to material stranded costs 
in the future? 

The advantage to a portfolio management (PM) approach is that it provides regulators, 
utilities, and other parties with a systematic process and set of tools to answer such 
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questions in a transparent manner. Not only can PM reveal input data and assumptions, it 
can also identify and quantify the trade-offs between ob.jectives under alternative 
strategies. 

The primary purpose of this paper is to provide regulators with an overview of PM tools 
aiid practices that could be applied to the procurenient of electricity resources to serve 
retail As will be seen, these tools aiid practices are valuable both in the 
resource plaiiiiiiig of vertically integrated (or partially integrated) utilities and in the 
development and oversight of policies for default service in retail competition 
jurisdictions. The report only briefly reviews the benefits of PM, as a iiuinber of other 
reports have described the benefits of portfolio management in details3 The paper then 
explains how PM can be iinplemeated in states that are fully regulated as well as in states 
with retail competition Finally, it presents a discussion of several key technical aspects 
of applying PM, including modeling tools, analytical techniques, and necessary expertise. 

1.2. What is Portfolio Management? 
The term “portfolio ~iiaiiageinent” has a long history in the realms of finance and 
investment. Under that name aiid others, the same risk management concepts and 
techniques have long been applied to procurement of commodities, iiicludiiig electric 
utility procurement of fuels and purchased power aiid local distribution company (LDC) 
procurement of natural gas.4 In recent years, the term has begun to be used in the electric 
industry to describe actual or suggested approaches to default service resource plaiiiiiiig 
and procurement in states that have restructured their electric industry.’ However, 
application of portfolio management concepts need not be confined to retail choice states. 

First, interest in development of a set of modem plaiiiiiiig and procurement tools for 
application in the electric industry has been evolving over the last several years. In its 
2003 resolution on PM, the National Association of Regulatory Utility Commissioners 
(NARUC) encouraged state regulatory coiniriissioiis to 

. . . explore portfolio managenlent techniques that may be applicable to their 
particular circumstances, under either traditional or restructured markets, and to 
adopt appropriate regulatory policies to facilitate effective implementation of 
portfolio management practices by regulated utilities. 

’ Many electric utilities and load serving entities are familiar with these tools and practices, as noted earlier 
3 See, for example, Bruce Biewald, et al, Portjolio n/laiinger~ierit. I~OI.V to Proczire Electricity Resources to 

Provide Reliable, L,ow-Cost, arid El/icieiit Electricity Services to All Retail Customers Synapse Energy 
Economics, October, 2003. Prepared for the Regulatory Assistance Project and the Energy Fouiidation. 
Available at littl,:llwww.sy1iapse-energy.com/~ownloads/Sy1iapseReport.200.3-1O.RAP.Portfolio- 
Manageinent.03-24,pdf 

Biewald, et al., and Frank C. Graves, et al., Re,sozirce Plciiiiiiiig arid Proczireiiie17t i17 Evolviiig Eiier,gI 
Markets, The Brattle Group, prepared for The Edisoii Electric Institute, January 3 1, 2004. 

In retail choice ,jurisdictions, various names are applied to this concept. Some of those are Basic 
Generation Service, Standard Offer Service, Provider of Last Resort service or POL,R, and Basic Utility 
Service. Unless discussing the regime in a particular .jurisdiction, we will use these terms 
interchangeably to mean the electric service provided to customers wlio do not shop. 

4 

5 
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In a 2004 report on resource planning aiid procurement in electricity markets sponsored 
by the Edisoii Electric Industry (EEI), tlie authors stated, “A synthesis is needed to meet 
customer needs for risk management and least-cost plaiining in tlie evolving industry 
structure that is a hybrid of competition aiid 

Second, there is increasing interest in iiieetiiig future electricity requirements through a 
diverse mix of cost-effective resources, including energy efficiency, lion-traditional 
renewable resources, and new technologies such as distributed generation, in addition to 
traditional supply side resources. For example, the Energy Policy Act of 2005 (EPAct) 
requires consideration of a fuel source diversity sta~idard.~ Also, fuel diversity has been a 
major topic at both the 2005 and 2006 annual “Coniiiiissioiiers Only Summit” sponsored 
by National Regulatory Research Institute (NRRI). More recently, in July 2006, the 
President of NARUC and the Chair of EEI introduced a Natioiial Action Plan for Energy 
Efficiency that identifies energy efficiency as a high-priority energy resource. 

This interest in applying a modern set of analytical tools to the acquisition of a diverse 
range of traditional aiid noli-traditional resources is reflected in the following definition 
of PM, drawn from a 2006 repoit on clean energy policies aiid best practices prepared by 
the United States Eiivironiiieiital Protection Agency (EPA): 

Portfolio management refers to energy resource planning that 
incorporates a variety of energy resources, including supply-side (e.g., 
traditional and renewable energy sources) and demand-side (e.g., energy 
efficiency) options. The term “portfolio management” has emerged in 
recent years to describe resource planning and procurement in states that 
have restructured their electric industry. However, the approach can also 
include the more traditional integrated resource planning (IRP) approaches 
applied to regulated, vertically integrated utilities. 

Thus, portfolio inatiageiiieiit as applied in tlie electric industry may be seen as an 
approach to or refinement of traditional utility resource planning, which draws upon 
integrated resource planning, resource procurement, and risk 
encompasses three distinct components: 

developing a resource plan, 

0 

0 

As such, PM 

procuring the portfolio of resources identified in that plan, and 

managing that portfolio of resources on an ongoing basis. 

Graves, p. 3. 

EPAct 200.5 Title XI1 Electricity, Subtitle E, Amelidinelits to P U M A  3 125 1 (a) 

Not all concepts, tools and practices from financial markets can be applied directly to electric markets; 
some may not apply while others may need to be customized. Conversely, many of the products and 
tools relevant to electricity portfolio management are unique to that industry. 

6 

Synapse Energy Economics - Portfolio Management Tools Page 4 



Exhibit-WS-2 

t e 

PM can be, and is being, applied in a variety of ways. In fact, the spectrum of approaches 
to implementing PM ranges from a nai-row, passive approach at one elid of the spectrum 
to a comprehensive, active approach at the other. 

A narrow, passive approach might be one in which plaiiniiig considers only a 
shoit time fiaiiie aiid few resources, there is a single aiiiiual process for 
purchasing 100% of requirements, and periodic reviews aiid updates are absent. 

A coinprehensive, active approach might be one in which resources are selected 
from a broad range of resources based on multi-year, long-teiiii scenario analysis, 
and procured under a variety of owiiership and contracting arrangements. Under a 
comprehensive approach, decision-making would reflect the cost atid risk 
iniiiiiiiizatioii benefits of diversification - diversity of fuels, diversity of 
technologies, iiicludiiig energy efficiency aiid renewables, diversity of contract 
tei-nis and conditions (such as stait dates atid durations) aiid diversity of financial 
instruments for risk management. It would also include active or oiigoiiig 
nianageiiieiit of portfolio resources in respoiise to changes in customer 
requirements aiid market coiiditioiis from day to day, week to week and month to 
inoiith. 

e 

In any given state, the policy fraiiiework and objectives that govern the retail electric 
market, particularly electricity supply service, will be a key factor in the choice of a PM 
approach from this spectrum. For example, if the explicit policy objective of a state is to 
strongly encourage the development of a competitive retail market for all custoiiiers, the 
regulator may choose to support a narrow, passive PM approach for default service so 
that service will be relatively unattractive or provide inaxiiiium scope for retailers to 
differentiate themselves. On the other hand, if the explicit policy objective is reasonable 
rates to all customers receiving regulated retail service, the regulator may choose a 
coniprehensive, active PM approach for default service. Similarly, a state's policy 
framework may assigri responsibilities in ceitain ways, for example relying on an 
Indepeiideiit System Operator (ISO) or Regional Traiisiiiission Operator (RTO) to ensure 
reliability. The applicatioii of PM niust take such divisions of responsibility into account. 

Giveii the variation in policy objectives among the states, it is not sui-prisiiig that the retail 
coinpetition states exhibit a range of approaches to portfolio management. Some states 
have essentially no PM. In other states a narrow, passive approach is being applied to the 
procurement aiid inanageiiieiit of resources for default service. Appendix A presents key 
characteristics of default service procurement in the states that we surveyed. That 
approach typically consists of the following components: 

e a procurement strategy using fixed-price, slice-of-load contracts of one or inore 
term lengths up to three years, possibly overlapping in a laddered sequence,' 

' 111 some jurisdictions, slightly longer initial term ~eiigt~is were used to syiicI~ronize procurement with ISO 
or RTO planning aiid cominitment cycles. 
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procurement via (usually) annual auctions or request for proposals (RFPs), and 

absence of ongoing resource manageiiient between annual auctions. 

There is little evidence of quantitative analysis of risks and benefits underlying the design 
of these procurement strategies. When contract laddering is the sole procurenieiit tool 
used, it provides only limited portfolio management benefits, which are realizable only 
over only the length of that ladder, sometimes a very short time frame. Some states are 
beginning to address this liinitatioii through new laws that explicitly try to obtain low 
costs over the long-tei-ni for their smaller default service customers. A variety of means 
have been adopted or are under discussion for this purpose. Maine, Delaware, and 
Maryland have each taken such steps. (See Appendix A of this report for details.) The 
general goal of the new policies is essentially to achieve reasoliable and stable rates for 
default service. As a result, regulators in those states are beginning to explore ways to 
move to a more comprehensive, active approach. 

The fully regulated states we surveyed had a conipreheiisive, active approach to portfolio 
nianageiiient. Data from this survey is presented in Appendix B. hi these states some 
foim of long-tenii planning, which in some cases might be called "IRP," is required every 
few years. Procurement is not tied to an annual cycle of auctions, and ongoing 
nianageiiient is expected. On the other hand, while plaiining in most of those jurisdictions 
included some analyses of uncertainty generally in the form of "sensitivity analyses," 
extensive quantitative analysis of the risks of various alternatives froin a customer or 
public policy perspective was not the rule. 

1.4. 
Our key conclusions are as follows: 

The providers of the geiieratioii component of retail electricity service face a host 
of major uncertainties, including fiture restrictions on emissions of carbon 
dioxide and future natural gas prices. 

Portfolio management, as applied to the provision of retail electric sewice, 
encoinpasses development of a resource plan, procurement of the portfolio of 
resources identified in that plan, and iiianageiiient of that portfolio of resources on 
an ongoing basis. 

Portfolio management provides regulators, utilities, and other parties with a 
systematic process and analytical tools for identifying a plan that will result in 
reliable service at reasonable rates. It offers transparency and tools for dealing 
with uncertainty and risk. 

Portfolio management can be applied to the generation component of retail 
service, regardless of the presence or absence of retail conipetitioii. Portfolio 
management approaches can be selected from a continuum ranging from 
comprehensive and active or narrow and passive. 

A narrow, passive approach to portfolio nianagement may expose retail customers 
to rates that are higher or more volatile, than a comprehensive, active approach. A 
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strategy composed of a diverse mix of cost-effective resources, including energy 
efficiency and non-traditional renewable resources, may provide the best balance 
of expected cost and stable rates over the long-term. 

The policy framework and ob.jectives that govern the retail electric market in a 
state influence the choice of an approach to PM in that state. Subject to policy 
constraints, regulators generally have authority to determine how portfolio 
management will be applied and by what entity. 

There is a range of computer models available for PM. They include planning 
models capable of addressing either (1) traditional cost-based engineering 
optimization analysis of the expected costs of long-range portfolios of traditional 
supply-side resources,10 (2) scenario-based coniparisons of loi7g-raiige portfolios 
of traditional resources for “ rob~s tne~s ,”  or (3) short- to near-term quantitative 
risk analysis of a wide range of physical resources and financial instruments. 
Most quantitative risk analysis models are financial tools that analyze risk from 
the perspective of the supplier rather than retail customers. 

Most of these planning models require special effort in order to include energy 
efficiency aiid renewable energy in their evaluation of resources. In addition, 
these tools would benefit from iniproving their methodologies for analyziiig long- 
teiiii risks and comparing long-term decisions under uncertainty. For example, 
some existing optimization models require the representation of system operation 
to be siniplified and limit the number of resources that can be considered in a 
model run. Such modeling constraiiits can prevent the long-temi costs and 
benefits to consumers of a diverse mix of resources from being evaluated fully. 
Regulators iiiay wish to promote research and developnient 011 iinprovenients in 
these areas. 

0 

e 

e 

0 Multiple modeling tools may be needed to address all three coinponents of PM. 
However, integrating their results may be challenging. 

0 It appears that insufficient attention is being paid to development of tools for 
realistic analysis of long-term risks and long-teim coniparison of resource options 
that take uncertainty into account. Regulators may wish to promote research and 
development of open source algorithms or software in these areas. 

Staffing and resource limitatioiis, as well as general lack of familiarity and 
acceptance, may be challenges to i~iipleiiienting or overseeing portfolio 
management at regulatory commissions. Regulators can do much to reduce such 
barriers over time. 

0 

0 Portfolio nianageiiient analysis and iinpleinentation will only be as good as the 
people who carry out and oversee those tasks. Managers and regulators need to 
consider the skills and abilities for doing so. 

Models driven by optimization techniques may also lack fidelity in imperfect markets and situations IO 

where decision making aiid investment practices are suboptimal, as is often the case. 
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It is not clear that the data necessary for portfolio management in the electric 
utility industry exist in all cases. Where it does exist, the data may be private atid 
confidential. Certainly, soine historical data series are publicly available, such as 
fossil fuel market prices and, more recently, electricity and weather hedge prices. 
Other data, such as load profiles and volatility, plant outage rates, and heat rates 
may be less available than in the past due to competitive pressures. Regulators 
and utilities Cali begin with data that is available, publicly or under confidentiality 
arrangements. They also iiiay wish to identify new information that should be 
developed to maxiiiiize the feasibility and ~isefulness of risk analysis. 

The application of certain elements of portfolio manage~iient in the electric 
industry is still relatively new. Some fully regulated states and some retail choice 
states have begun to take action, but there is inuch room for i~nprovement and 
certainly rooin for more states to imple~neiit PM. Regulators can play an 
important role in encouraging further improvements in, and adoption of, these 
concepts. Regulators may wish to promote the development of portfolio 
inaiiagenient tools that caii address energy efficiency and renewable energy 
resources to the same degree as traditional supply-side resources at every stage of 
the process. 

Screening out or wiiiiiowiiig down major diversification options very early in a 
planning study or risk assessinent caii seriously comproniise the results. The real 
value of those options may not become apparent until much later in those studies 
or assessmeiits, when analyses of risk aiid uncertainty are prepared. 

Regulators will likely need to exercise considerably more oversight of risk 
mitigation, in the future. TJnfot-tunately, clear niethods for conceptualizing risk in 
utility portfolio manageinent are not well developed. Regulators may wish to 
consider exploratory proceedings to develop aiid communicate risk inanageineiit 
and portfolio management goals and criteria. 

a 

0 

* 
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. 

Poitfolio nianageiiient is a process and a set of tools that can be applied in order to 
achieve objectives specified by the user. It needs to be informed with the goals and values 
regulators want pursued. 

This section presents a brief overview of the public policy ob,jectives that regulators may 
seek to achieve through the application of poitfolio management, as well as the manner in 
which portfolio iiianageiiient can be applied under various market structures. 

2.1. Portfolio Management Can Be Used to Achieve Public 
Policy Objectives in a Transparent Manner 

The broad public policy objective that regulators traditionally sought to achieve with 
respect to retail electricity markets was reliable service at reasonable rates. This policy 
objective was typically set out explicitly, either in legislation or regulations. Some states 
changed these broad objectives when they implemented retail coinpetition. More 
recently, some states with retail competition have passed new legislation effectively 
requiring default service to be provided at reasoliable rates. For the purposes of this 
report we will focus on the objectives of reliable service at reasonable rates. 

Reliable service at reasonable rates is not a new objective. Regulators have a long history 
of reviewing utility plans and Operations to determine if they satisfy that objective. Out of 
that history many states have developed explicit, quantitative benchmarks for certain 
aspects of reliable service against which regulators can assess utility plans and 
operations. One such benchmark is a loss of load probability (L,OL,P) of one day in ten 
years for generating capacity adequacy. 

In contrast, there are no generally accepted quantitative benchinarks for “reasoliable 
rates.” Instead, the criteria for reasoliable rates vary. This variation is driven by inaiiy 
factors such as differences in the availability of resources and differences in regulatory 
policy tradeoffs. Regulators consider a number of facts and objectives when making 
energy policy decisions and in deterniiiiing whether rates are reasonable. Those facts and 
objectives vary froiii state to state, as do the weights that regulators apply to them. 

Facts and objectives that regulators in most states consider when assessing whether retail 
electric service rates are, or will be, reasonable include: 

0 

0 

0 

The resource options coinniercially available, 

The costs of those resource options, 

Whether the proposed mix of resource options minimizes costs to ratepayers (i.e., 
miniinuni rates and bills), and 

e Whether the proposed mix of resource options will result in stable costs to 
ratepayers (i.e~, stable rates and bills). 
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Regulators may also consider fuel diversity targets, renewable energy targets, carbon 
dioxide targets, other environmental goals, service to low-income custoiiiers, impacts on 
the local economy, and flexibility to respond to major changes in market coiiditioiis and 
public policies over time. 

The desire to achieve inultiple objectives often coiiiplicates the deteniiination of whether 
rates are reasonable, because the objectives are often conflicting. For example, one 
strategy might be to iiiiiiiiiiize costs for the year by purchasing all generation supplies 
from a spot (e.g., day ahead) wholesale market. This strategy might be premised upon a 
belief that a strategy that included any multi-month contracts at fixed prices would incur 
extra risk premiuiii costs 011 average in the long run. On the other hand, this hypothetical 
purchasing strategy could result in very volatile costs that would necessitate some sort of 
routine rate true-up ~iiechaiiisiii, and, as a result, lead to highly volatile rates for 
customers. A second, alternative strategy might be to stabilize rates by acquiring all 
supplies via long-teiiii fixed price bilateral contracts, say through a single procurement 
for 100% of requireiiieiits. This alternative hypothetical strategy stabilizes rates aiid 
simplifies adiiiiiiistration, but could result in higher expected costs than the first strategy 
on average over time if, for example, sellers of fixed price contracts wish to and can 
obtaiii a risk premium in retuni for that price certainty. Neither hypothetical strategy 
would satisfy both objectives of minimum costs and stable costs. In contrast, a third 
hypothetical strategy coiisistiiig of a mix of spot purchases and fixed price contracts 
might partially satisfy both objectives in a balanced iiiaiiner, trading off soinewhat higher 
costs in exchange for soiiiewhat more stable costs, and vice versa (again, assutning that 
fixed price tenii contracts require payment of a risk premium). 

One major way in which states differ is the timeframe or planning horizon over which 
they assess the reasonableiiess of the rate impacts of resource decisions. I11 some states 
regulators assess reasoiiableiiess over a short-term time frame, one to three years for 
example. In others regulators consider the iniplicatioiis of the strategy and resource mix 
underlying the rates over the long-tenii of five to twenty years, as well as assess the 
resulting rates expected over the short-tertii. 

Portfolio management provides regulators, utilities, and other parties to these 
deteniiinations with a process, aiid set of tools, to select a strategy that will result in 
reliable service at reasonable rates and to do so in a transparent nianner. Not only can it 
reveal input data and assu~nptions, it can also identify and quantify the trade-offs between 
objectives under altemative strategies. That transparency can, in tuni, assist regulators in 
deteiiiiiniiig the weight to apply to each objective. 

2.2. Portfolio Management Can Be Applied under Any Market 
Structure and Regulatory Framework 

The market structures and regulatory frameworks goveniing electricity supply service to 
retail customers vary fro111 state to state. For the purposes of this report, those structures 
can be grouped under one of two broad frameworks - fully regulated or retail 
coinpetition. For simplicity, this discussion will consider the retail competition 
framework to be a fully developed one where the provider of default service (usually the 
distribution company) is not allowed to retain a generation or merchant power function. 
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One caii characterize and distinguish between those two fiameworks according to the 
entity responsible for providing generation service and the entity responsible for ensuring 
that those rates are reasonable. The distinctions between the two market structures 
according to those attributes are summarized in Table 2.1 , below. 

Market Structure/ Fully Regulated 

Retail competition Not Allowed 
Attributes 

Utility Responsibility for providing 
generation service 

Retail Competition with no 
Merchant Function 

Allowed 
Competitive market for 

customers who shop 
Defmlt senice" for custoniei~s 

ll&o do /lot shov 

Responsibility for monitoring 
and oversight to ensure that 
generation service is reliable 

and reasonably priced 

Portfolio ~nanageinent tools and practices can be applied to the resource decisions that 
need to be made under either of these frameworks. 

Regulator Regulator 

2.2.1, Application of Portfolio Management in Fully Regulated 
Markets 

In states with a fully regulated frainework, utilities employ some fonn of portfolio 
management to select and procure the appropriate resources, implicitly or explicitly. 
Exaiiiples fiom the states that we surveyed are presented in Appendix B. In these states, 
portfolio maiiageiiieiit is usually intertwined with resource planning procedures, such as 
least cost planning or integrated resource planning, where they exist. Portfolio 
iiianageineiit may also be a part of the fuel procurement practices for generation-owning 
utilities. 

The specific procedures through which portfolio management is applied vary fiom state 
to state. However, the general approach through which the three basic steps iii portfolio 
inanageinelit are applied are summarized below. 

1) Preparation and periodic updates of resource plans 

Utilities are required to file a resource plan at least every two to three years. The 
plaiis cover a long-term horizon, typically at least ten years. They begin with a 
projection of customer electricity requirements over that period and then evaluate 
all options available to meet those projected requirements, including supply-side 
resources, traiisniissioii and distribution investments, demand-side resources and 
purchased power. In some cases, resource planning may encompass fuel 
contracting for utility-owned generators, as well as plans or policies govei-ning 

" Also known as Standard Offer Service (SOS), basic generation service (BGS), and Provider of Last 
Resort service (POL,R) 
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off-system sales of power or disposal of power supply assets. That evaluation 
considers the reliability, economics and risk attributes of those resource options 
and may also address their financial, environinental and social attributes. Based 
upon that analysis the plan identifies a specific mix of resources and/or strategy 
that the utility believes will result in reliable service at reasonable rates. 

Regulators review these filings. In soiiie states, they issue an acknowledgement 
that the plan satisfies the filing requirements. In other states, the regulator may 
approve the filing, an act that r7my or may not effectively pre-approve any major 
new initiatives proposed in the plan, such as construction of new capacity or 
execution of a new long-term purchased power agreement, depending 011 that 
state’s laws and practice. 

2) Procurement 

‘IJtilities execute planned procurements by acquiring assets in the fonn of capacity 
and fuel, and then using those assets to meet the requirements of their customers. 
They do this through periodic investments in generation capacity of their own, 
routine purchases of fuel, or execution of fuel contracts or hedges for that 
generation and periodic execution of power purchase agreements. I11 some cases, 
wholesale sales of power or hedges, or disposal of power supply assets may be 
part of this execution phase. 

Regulators review the reasonableiiess of the costs and revenues resulting from 
these utility decisions. Typically those reviews occur when the utility applies for a 
change in its base rates. In addition, in states which allow utilities to adjust their 
base rates for changes in fuel and purchased power costs, those reviews may also 
occur annually in “fuel adjustment proceedings.” 

3) Ongoing management 

By ongoing Iiianagement, we mean the as-needed adjustinelit of plans and 
resulting procureinent actions reacting to changes in the load requireirients and 
market conditions. As load requirements and market conditions change, the 
utilities modify their use of owned generation and purchased power assets 
accordingly. They may increase or decrease off-system sales froin capacity that is 
temporarily not required to serve native load, acquire new supplies, ramp up or 
down demand-side management programs, or take a variety of other actions. 

Regulators review the reasonableness of the costs resulting froin these utility 
decisions in the same forums as the procurement decisions. 

2.2.2. Applying PM in Retail Competition Markets 

Portfolio management is applicable to the procurement of resources for default 
generation service in states with retail competition. However, as noted earlier, any 
decision regarding the scope and nature of portfolio management to be applied to this 
service is primarily a policy issue. This decision will necessarily flow from the policy 
framework and objectives that goveni the retail electric market in the state. 
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This policy issue has been the subject of debate since the onset of retail coiiipetition. 
When retail coinpetition was first introduced default seivice was expected to be either a 
temporary service during the iraiisitioii to full coinpetition or a true “default” service that 
relatively few custoiiiers would take, and then oiily while they were between competitive 
suppliers. Based upon that expectation, some regulators felt that a basic strategy aiid an 
annual procureineiit would be appropriate for the acquisitioii of supplies for default 
service . 

Contrary to those initial expectations, most of these states have seen almost all residential 
customers as well as iiiaiiy small commercial, institutional, and industrial custoiners 
remain on default service. Given the number of customers who continue to rely on this 
service, aiid the recent sharp increases in the rates for that service resulting from the 
current acquisition approaches, regulators are now faced with the question of whether to 
require the use of a more complete and sophisticated portfolio management approach for 
the acquisition of power needed for default service. 

If a regulator in a retail competition state is interested in such an approach, an important 
first step will likely be a review of the existing legislation, regulations, and orders 
governing that service. For example, changes iiiay be required in order to assign 
responsibility for: 

more coinprehensive resource planning, in ternis of both time frame and a 
wider range of resources (e.g., energy efficiency, renewable resources); 

more latitude in procureinelit, iiicludiiig more flexibility in the timing of 
procurements, the quantities procured and contract duration; 

changes iii procureineiit to encourage bids from providers of energy efficiency 
and renewable resources; and 

periodic analyses aiid updates of the acquisition strategy. 

These responsibilities can be assigned to the incuinbeiit distribution utilities or to a third 
pai-ty, but what is essential is that the respoiisibility be assigned to sonzeor7e. 

2.3. Portfolio Management Provides a Process and Set of Tools 
for Examining Complex Resource Planning and 
Procurement lssues 

Resource plaiiiiiiig and procureinelit have becoine increasingly complex over the past 20 
years. Regulators need methods and tools that can be used to determine whether a 
particular resource plaii will result in reliable service at reasonable rates. 

To illustrate this challenge, coiisider each of the major steps involved in developing a 
resource plaii a id  procuring the necessary resources. 

The first step is to choose a planning horizon. Use of a reasonably long-term horizon, 
e.g., 20 years or more, allows a range of resources and costs to be considered, including 
new renewable resources that have yet to be built and anticipated carbon dioxide 
einissioii regulations. The next step is to forecast the quantity of capacity and generatioil 
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required. These requirements can be forecast, but are obviously subject to uncertainty. In 
addition, the quantities that will be required from hour to hour and day to day are very 
difficult to forecast because they are so sensitive to weather and econoniic conditions. In 
retail coinpetition markets there is additional uncertainty as to what quantity of load will 
switch to, or from, competitive suppliers. 

The third step is to identify the viable resources and associated contracting and hedging 
options. These may include: 

e 

e Distributed generation 

0 

Demand side inanagement and energy efficiency 

Supply side resources (subject to resource availability) 
o Hydro 
o Wind 
o Solar 
o Gas-fired 
o Coal-fired 
o Nuclear 

e Physical contracts 
0 spot 
o Term contract 

0 Financial instrunients 

The key attributes of each resource need to be projected for the planning horizon, 
including the quantities available at various points in time and their corresponding costs 
and volatility. 

The fourth step is to then identify the alternative portfolios or strategies, consisting of 
different mixes of these resource options that could be used to provide reliable service at 
reasonable rates. This may entail evaluating hundreds of possible candidate plans or 
portfolios in light of the many potential permutations and coinbinations of these 
resources. 

This evaluation and selection problem can, in many instances, be solved mathematically 
using coiiiputers by fotiiiulating it as an “optimization” problem. Under this approach the 
computer software is told to find the optimal mix of resources that will minimize risk 
while miniiiiizing expected cost. l 2  As one would expect, there are data and coinputatioiial 
limits to solving this problem. For example, the assuiiiptions for volatility and uncertainty 
in key inputs are iiotoriously difficult to characterize. Coinputationally, the vast number 
of possible resource coinbinations and timing of those mixes requires siinplifying 
assuiiiptions (such as tririiining the available resource options down to a small handful of 
“typical generating unit types”) to enable the models to run in a reasonable amount of 
time. Portfolio iiianagement provides regulators, utilities, and other parties with a process 
and set of tools to analyze these complex resource planning and procurement issues. As 

l 2  This would generally be a nonlinear optimization model, likely a dynamic, multi-period one. 
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- 

noted earlier, this approach can help all parties identify the assumptions to which the 
results are most sensitive and can also identify and quantify the trade-offs between 
ob,jectives under alternative strategies. That transparency can, in turn, assist in 
determining the weight to apply to each objective. 

Choosing Among Portfo ios with Different Costs and 

Once candidate portfolios have been identified, their expected costs and variability can be 
estimated. The figure below can begin to give a sense of how candidate portfolios compare 

Example of Resource Plan 
Trade-off Curve 

Low 1 
L.ow High 

Expected Cost 

Each portfolio is represented by a symbol on the graph. The vertical axis indicates the portfolio’s 
riskhicertainty and the horizontal axis its expected cost. For a given expected cost, there will be 
one portfolio with the lowest level of risk, and vice versa. In our illustrative figure, A, B, C, and 
D mark four portfolios, each of which is the one that is least risky for a particular expected cost. 
As you move dowii along the curve connecting those four cases from right to left, there is a trade 
off in higher expected cost in exchange for less risk, i.e., more stable costs. One would always 
prefer a portfolio located somewhere along that line, because those portfolios represent the 
optimal levels of expected cost and risk. 

The line connecting these “optimal” portfolios is the tradeoff curve, sometimes called the 
“efficient frontier.” Considering only these two factors (expected cost and some particular 
measure of uncertainty), there is no economic reason to choose a portfolio above that frontier. 
However, each portfolio will have many non-economic pros and cons and there are various risk 
measures to consider, so the choice is never that simple. And, even along the frontier, the choice 
of a specific portfolio on that line will depend on what the decision-maker considers to be an 
acceDtable tradeoff between the two obiectives. 
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This section will consider certain key issues regarding organization and iiiiplenientation 
of portfolio inanagenient for regulators. The first subsection discusses why and how 
poi-tfolio iiianageiiient applies in both fully regulated and retail choice jurisdictions. The 
next subsection addresses questions of organization and readiness for portfolio 
manageineiit approach to risk managenient. The third subsection highlights the challeiige 
of malting and communicating choices about risk nianageinent. The last subsection 
discusses in detail ways to measure and compare the risk of resource options and 
portfolios. 

3.1. Two Contexts for Portfolio Management 
As explained in Section 1 of this report, regulators fi-om states with retail competition as 
well as fkoni states with fully regulated utilities may need to address portfolio 
manageiiient . 
Portfolio management has emerged in states that have restructured their electric utilities 
as an approach for acquiring resources to provide default service. In these states 
regulators and utilities responsible for implementing and overseeiiig default service 
procureiiient are faced with markets that do not always deliver stable, reasonably priced 
power in response to simple competitive procurements. Several states are nioviiig 
towards a long-term view for delivering default service in the public interest. 

In states with fully regulated generation service, vertically integrated utilities weigh 
various utility-owned resource options includiiig new generation, transniission expansion, 
and DSM programs as well as power purchase contracts. Fully regulated utilities and 
their regulators now need to enhance resource planning, such as IRP, with more aiid 
better analysis and increased consideration of uncertainty aiid risk. Given the complexity 
of current markets aiid market products, traditional scenario analysis will no longer 
suffice to guide decision-making. 

A sampling of some of the major new uncertainties facing regulators and utilities in all of 
these states help illustrate the complexity of their planning and procureiiient probleins:l3 

o Will RTOs coiitinue to develop? 

o How will politics, pressure froin the insurance industry, and fuel prices affect 
climate change regulation? How will "early credit'' programs be treated? 

o Will trans~nission conipanies proliferate and will they be able to generate 
enough return to gain access to capital for expansion? 

o Will coiisuiiier interest in "clean power" increase or wane? 

Q Will the United States continue to be bifurcated into regional markets and 
territorial markets? 
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o Will wholesale market power issues cause divestitures, just mitigation 
activity, or continue to erode competitive pressures? 

o Will capacity expansion be driven regionally aiid, if so, by what inechanisins? 

o Will reiiewables developinelit satisfy state targets? 

o Will &el prices and eiiviroiiineiital constraints strand some assets and speed 
development of new technologies? 

Uncertainty aiid risk are addressed iii the context of IRP as well as in financial risk 
management. Each of those perspectives einphasize detailed, quantitative analysis. IRP 
practice tends to einphasize refinement of long tei-ni expected or most likely cost and 
perfoiiiiance data for options. This is often supplemented with an engineering type 
boundiiig analysis, although in practice such bounding analyses often aniount to simply 
running "plus or ininus X%" scenarios or scenarios based on the range of estimates fiom 
different experts or studies. In contrast, quantitative analysis of the relative likelihood of 
various deviations or of how different risks interact to amplify or offset each other are 
relatively rare. Fiiiaiicial assessments of investment portfolios, on the other hand, 
currently emphasize detailed modeling the effects of variability and interactions of so- 
called "stable processes" by considering raiidoin variations in perfoiinance based on 
historical data for established products, but rarely consider longer term resource choices. 

Given the strengths arid weaknesses of the analytical tools and practices of each 
approach, and the planning and procurement problems in today's markets, we expect to 
see a gradual convergence of the portfolio inanageinent practices for IRP-like 
jurisdictions and default service procurement jurisdictions. In Section 4 of this repoit, we 
show that the current divide between the two approaches is mirrored in the software 
options available, too. Regulators may wish to push for a synthesis of these approaches, 
encouraging both rigorous detailed analysis and an understanding of the long range 
situation. New research and developinelit may be necessary to accomplish this. 

A poi-tfolio inanageiiient approach can also deliver side benefits to all consuiners, even 
those who clioose to shop from competitive suppliers. For example, inclusion of long 
tei-ni or even life-of-unit purchases from new renewable generators (or new generators 
not fueled by natural gas) can not only stabilize tlie cost of power for default service, but 
also lower clearing prices for all coiisuiiiers by promoting new generation construction 
and reducing price pressure on natural gas at times of peak demand. A portfolio 
management approach to meeting the power needs of default service is compatible with 
the developinelit of a vibrant competitive generation industry. In fact, by providing stable 
long tei-ni markets, a portfolio management approach for default service can enhance the 
health of the currently distressed generation industry by alleviating its dependence on an 
unfriendly prqj ect financing market. 

3.2. Integrating IRP and PM Concepts 
Portfolio management and integrated resource plaiiiiiiig are not irreconcilable concepts. 
Rather, they are labels that emphasize different aspects of resource planning, all of which 
should be included in an ideal resource planning process. 
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Integrated resource planning involves the development of a portfolio of existing and new 
resources of all types that help achieve the lowest cost for consu~iiers over the life of the 
plan. Each time an W is updated, an essentially new IRP is created, treating resources 
acquired since the previous update as committed and seeking the best selection of 
additions to foiiii its new plan. Risks are usually assessed qualitatively or via scenario 
analysis, trying to find the resource plan that best combines a low cost with a reasonable 
degree of robustness against uncertainties. While IRPs can include fixed term purchased 
power contracts or consider disposing of coniniitted resources, the emphasis is usually on 
permanent acquisition of resources. 

On the other hand, portfolio management emphasizes assenibling and managing a 
collection of resources, often entirely fixed-tei-ni purchase contracts. Diversification of 
expiration dates, vendors and, soiiietiiiies, term lengths is a typical tool in PM. Carefully 
designed competitive procurements are often the centerpiece of a PM approach, 
especially when over the counter markets are not fully developed. 

PM has been applied in a narrow, passive manner in some states with retail choice and 
default service programs. For example, New Jersey, Maryland and Delaware limited 
procurement for default service generation to laddered two or three year, slice of load 
Contracts obtained via a once-a-year auction or RFP. While such selections are implicit 
resource plans, they arbitrarily exclude a wide array of viable resources and limit the 
degree of risk mitigation provided to retail consuniers. Conversely, preparing an IRP in 
which the focus is on identification of the least cost mix of perniaiient generation 
acquisitions and there is 110 assessment of risk would also represent a very limited 
approach to portfolio management-one with few choice points, limited diversification, 
and few market force effects. 

Clearly, IRP can be improved by harnessing competition, by comparing resource plans 
using quantitative measures of risk in addition to expected cost, aiid by subjecting 
po~tfolios to active management. Conversely, procurement for default service (or other 
needs) can be iniproved by embracing a broad range of resource alternatives, striving for 
least cost service over time, aiid focusing 011 the risks borne by consuiiiers rather than 
only those borne by the utility. 

Applying aspects of portfolio inanageiiient to the development and iiiiplenientation of 
IRPs should be viewed as a challenging but natural enhancement of IRP for vertically 
integrated utilities. Several states have begun to consider such a move, especially with 
regard to risk management. 

The descriptions of IRP and PM given above are generalizations based on typical practice 
among the states and may not be implemented identically in every jurisdiction. In fact, 
various practices can be called IRP or PM and may include some beneficial features of 
IRP or PM, but not fully realize either concept, much less an integration of the two. In 
principle, they are two ways of looking at the same problem. Ideally, resources would be 
planned, procured, and managed in ways that are both “integrated” and reflect “portfolio 
management. ” 
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3.3. 
Orgaiiizatioiial readiness and coiiimitine~it are seen as critical to successful 
implementation of risk analysis and risk control through portfolio management. 

While 110 one person at a major utility can (or should) make all decisions regarding 
portfolio ~iianageiiient, it is the chief executive officer (CEO) who ultimately bears this 
responsibility. The CEO can best achieve portfolio management success by dividing up 
portfolio iiianagement responsibilities amongst the followiiig types of employees: chief 
financial officer, chief risk officer, internal auditor, accouiitaiits (internal and/or external), 
chief technology officer, and others. In addition, the board of directors plays a key role in 
helping to define the overall risk tolerance of the organization. 

It is interesting to note that, under Sarbanes-Oxley co~iipliaiice requirements, the CEO is 
now legally responsible for ensuring that company-related risks are reported to 
shareholders. Not only is the CEO responsible legally, but from a practical standpoint the 
CEO plays a critical role in terms of setting the tone for policy iinpleiiie~itatioii 
throughout the organization. TJiiless he/she makes portfolio management a key priority 
for the organization, it will likely be unsuccessful. 

Direction and motivation are critical to success in risk inanageiiieiit and plaiiiiiiig for risk 
nianagement. The tone for any iiew direction is usually set by the leadership at the top of 
the organization. Thus the application of these iiew tools in the electric industry will 
benefit if regulators set out clear expectations and if utility management commit to 
portfolio and risk manage~iient.'~ 

With regard to PM implementation, orgaiiizatioiis have options. A utility could choose: 

a iiat-row approach focused on specific resource platitiiiig activities mandated by 
law or regulation, 
a broad approach focused 011 risk analysis and iiianageiiieiit in all aspects of the 
firm, or 
an "optimally scoped" approach that seeks to strengthen portfolio and risk 
management in targeted activities, improve processes for that purpose, and 
establish ongoing iiionitoritig and improvement. 

0 

0 

0 

Recently, under the impetus of Sarbaiies-Oxley mandates, inany firms have considered 
how best to organize risk assessment and risk control. A number of questions about a 
fiiiii's readiness for risk assessment aiid control should be addressed. Some of these are: 

0 

0 

How well has the organization implemented other change efforts? 
Is the executive inaiiagerneiit supporting the effort, visibly and effectively enough 
to get buy-in from the entire organization? 
How well does executive riiatiagernent understand the effort required to 
iinplemeiit PM and management's role in that imnpleinentatioii? 

0 

'-( The following material draws on Anne Marchetti, Beyond Scrrbn17es-Oulej~ Coinplini?ce Effective 
Elitelpi-ise Risk kfcii7n,oenier7t, John Wiley & Sons, 200.5 
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Is the organization coiiiinitted to providing resources (people, time, money) to 
both the design and iinplementation of the effoi-t? 

Regulators seeking to implement poi-tfolio niariageinent and risk assessment at 
Commissions and utilities should ensure: 

clearly articulated reasons for implementation; 
a clear connection to the strategy of the organization; 
full implementation; 
integratioii with existing processes and initiatives; 
active, visible leadership; 
commitment of adequate time and resources; 
timely and thorough coinniunication among regulators, advocates, utilities aiid 
other stakeholders, as well as throughout the affected portions of the utilities, 
iiicluding feedback and reinforcement; 
routine progress and performance measurement aiid review of corrective actions; 
and 
skilled, trained employees at commissions and utilities. 

3.4. Making and Communicating Choices about Risk 
Management 

Perhaps the first concept that conies up in a discussion of portfolio manageinent is 
"diversification." We have devoted considerable discussion to that topic here aiid 
e1~ewliere.l~ A second major concept that comes up in such a discussion is "risk 
tolerance." Risk tolerance refers to one's willirigness to accept the risk of an undesirable 
outcome when making an investment choice. 

It is natural, even traditional, for portfolio planning to determine, and take into 
consideration, the risk tolerance of an investment portfolio "owner" at an early stage in 
the process. A much inore difficult problem arises in the context of applying PM to an 
electric utility, where the utility may be the "owner" but the costs will be paid by a large 
group of customers. It is difficult to express or ascertain the risk tolerance of individual 
customers in a meaningful way, much less whole classes of customers. While this repoi-t 
does not present a recipe for regulators to use in establishing the level of risk appropriate 
for the resource poi-tfolio of a fully regulated utility or for a default service provider, this 
section attempts to clarify the issues that should be considered. 

Decisions about risk should not be made in a vacuum or on a hunch. Even the sort of on- 
line questionnaire designed to guide personal investing decisions takes into consideration 
ob.jective aspects of the investor's current situation and plans for the future. Risk 
tolerance discussions for iiidividuals are driven by such life situation factors as age, 

Biewald, et al. Portfblio A/lnnngeiiier7t Hois to Proczire Electricit)) Resoiirces to Provide Reliable, Low 
Cost, arid E#ficient Electricity Services IO All Retail Czistomers. Synapse Energy Economics, 2003. 
Available at http://www.synapse-eriergy.com/Downloads/SynapseReport.2003-1 0.RAP.Portfolio- 
Management.03-24.pdf 
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dependents, taxable income and projections thereof, existing assets and liabilities, 
com~iiitments, fixed expenses, health status, retirement and other plans, and so 011. 

Regulators have been niakiiig risk tolerance judgiiients on behalf of ratepayers as long as 
they have been setting rates. Every decision to approve constructioii or a long term 
contract accepts certain risks and avoids others. Traditionally, such decisions have been 
made after carehl qualitative and, sometimes, partially quantified consideration of the 
risks and uncertainties of a project under consideration and (slightly less often) the risks 
and uticertaiiities of the alternatives. However, trying to discipline or even quanti@ those 
tolerances is unbroken ground for many utilities. In fact, such discussions are typically 
based on evidence that ainouiits to the opinions of persons with a stake in the matter. An 
EEI report expresses the opiiiioii that "The 'right' aiiiount of risk-bearing for customers 
(in rates) is not self-evide~it."'~ Moreover, we should not expect this job to be easy. In 
fact, that study calls on regulators to either specify the risk tolerance to be used or 
provide guidance to utilities 011 how it should be measured. 

A finance expert might approach this question by asking regulators to name their risk 
tolerance (presumably something nuinerical, like "the probability that rates will increase 
by more than X% in any one year or more than Y% over five years should be less than 
Z%") and suggest that it would then be straightforward to deteiiniiie how to deliver that 
level of certainty and offer to tell regulators what buying that degree of certainty will cost 
as of a given market day. Perhaps that could be done in theory, but there is no simple 
answer to the question of risk tolerance of customers. In part, this is because customers 
are not a homogeneous group and in part because the answer will depend 011 the methods 
used for reducing risk and their side effects. 

Some would argue that rate stability is not free and all hedging comes with a cost. Others 
argue that long term hedges simply are not available. However, failing to hedge huge 
market exposure has external costs, while the absence of long-teiiii, market-based 
forwards (only one of many ways to hedge risk) may be something of a self-fidfilling 
prophecy. Shipping companies could buy cargo and hull insurance for hundreds of years 
before anyone bothered to sell life insurance, but practically as soon as it was offered, life 
iiisurance was a huge success. Thus, niarkets for long term power contracts or other 
hedges may well develop if there is an adequate demand for them by buyers and sellers. 

How and when the risldcost tradeoff analysis is performed during resource plaiiiiiiig 
and/or procurement processes can be just as critical to sound portfolio management as the 
iiietrics used and the preferences applied, especially when assessing longer term 
resources and risks. For example, as a recent national laboratory study observed, 

[utility] resource plans vary considerably in how they define expected risk, and 
how they balance the expected cost and risk of different candidate portfolios. In 
selecting a 'preferred' portfolio, a utility would ideally review coiisuiner 
preferences for cost-risk tradeoffs, and select the candidate portfolio that fits most 
closely with the risk preferences of the majority of its customers. This approach, 
however, is rarely used. Instead, in all of the cases we reviewed, the cost-risk 

l 6  Graves, 2004, p. 21. 
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tradeoff (if made) is based on the subjective judgment of each utility, iiifoiined by 
any counsel provided by the utility's regulators or external stakeholders.. . . In 
other words, the costhisk tradeoff has often been made - in part based on 
consideration of fuel price risk -before carbon risk is considered, in which case 
carbon risk is sometimes relegated to helping to distinguish between a few finalist 
portfolios .... As a result, some of the "renewables" portfolios in our IRP sample 
exhibit as much or more exposure to natural gas price risk than other portfolios.. . . 
By the time carbon risk is assessed, some reriewables portfolios - i.e., those best 
able to mitigate carbon risk - inay have already been weeded out of the process, 
potentially leaving the model to choose froin among a iiuinber of sub-optimal 
portfolios. 17 

That study recommends "a more holistic assessnient of risk, and approach to the costhisk 
tradeoff' rather than a "sequential, winiiowiiig approach." It goes on to point out that 

I .  .scenario analysis, and the risks analyzed with that technique, may eiid up as a 
mere sideshow to stochastic analysis. Related, a large and varied set of candidate 
portfolios should be evaluated for their ability to mitigate risks; otherwise, 
analysis results may be unduly affected by the pre-selection of possible candidate 
poi-tfolios. 

In suininary, regulators will likely need to oversee or inaiiage risk mitigation, but clear 
methods for conceptualizing risk in utility portfolio nianageineiit are not well developed. 
Regulators inay find it usehl to consider exploratory proceedings or alternative input 
methods, such as deliberative polling, but in the end, regulators will need to develop and 
communicate risk inanageineiit and portfolio iiiaiiageineiit goals and criteria to generation 
service providers, either proactively or in response to utilities' implicit or explicit risk 
management choices. Further research 011 this point may be of value and could begin with 
a systematic effort to review the techniques used by institutional investors atid 
nianufacturers depeiideiit on long lead time commodities, followed by analysis of how 
their methods may or may not be useful in utility plaiiiiing and its oversight. 

3.5. Techniques for Analyzing Risk Exposure and 
U n ce rta i n ty 

3.5.1. Measuring Risk and Expected Benefit 

Risk and uncertainty are inherent in all enterprises. But risk needs to be balanced against 
expected benefit. The balancing of risk and expected benefit in utility regulation differs 
from the balancing that occurs in business or investing. However inany of the tools and 
nietrics for measuring risk aiid expected benefit in business and investing can be, and 
have been, applied to the electric industry. 

l 7  Ryan Wiser and Mark Boliiiger, "Balancing Cost and Risk Tlie Treatment of Renewable Energy in 
Western Utility Resource Plans," The Electr-icioi .lorn.rinl, Feb. 2006; Ryan Wiser and Mark Bolinger, 
Bnlnriciiig Cost arid Risk Tlie Trentnieiit 01 Retieivnble Energy iii Westel-ti utility Resoiirce Plniis, 
Lawrence Berkeley National L.aboratory, 2005. Available at littp.//eetd.lbl.gov/ea/eins/repor2s/58450- 
jounial.pdf 
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Business managers and iiivestors decide how much of a return they require on a 
prospective investment in exchange for taking on a given level of associated risk. They 
then make goho-go decisions on individual pro] ects by measuring, implicitly or explicitly, 
the risk of a giveii project and its expected return to see if those criteria iiieet their 
investinelit threshold. Boiid ratings are a tool coiniiioiily used for this purpose by investors. 
For example, an investor may choose not to invest in highly-rated corporate b o d s  unless 
the bonds bear an interest rate of, say, 3% above the interest rate for 1J.S. govenuiient 
bonds, because even highly rated firms may fail.I8 The same investor might be willing to 
invest in the same corporation's coiiunoii stock only if the expected return is 10% above 
the interest rate for U.S. goveiiment bonds, because coiiuiioii stock is the first type of 
security to suffer (i-e., to miss dividend payments or lose market value) when a finii is in 
financial trouble. 

Rather than coiiipariiig expected retuiii to perceived risk, utility regulators typically want 
to minimize rates or cost of service or both, while taking into account the degree of risk 
that ratepayers will face, as well as the risks to investors. Thus there is a need to balance 
the expected cost of a resource, or a portfolio of resources, with the risk that the actual 
cost of the resource may be inore or less than expected at various times over the planning 
horizon, thereby introducing volatility into the cost of service during that period. It is also 
important to consider the risk that a resource choice will fail to provide necessary power 
(or save power in the case of DSM resources), triggering a need to buy at market rates. 
Finally one must consider how a giveii resource plan will impact the ability of the utility 
to attract capital. While the kinds of benefits and risks that regulators evaluate and 
balance are not exactly the same as those that businesses aiid investors consider, inany of 
the tools aiid iiietrics available are suitable or may be adapted to either. 

It is conceptually simple, but sometimes tech~iically difficult, to coinpare different portfolios 
of resources based on their expected costs. Present value life cycle cost is the usual measure 
employed for that purpose. Unfortunately, there is currently no single, generally agreed 
upon measure of the risk of a resource portfolio. The accoiiipanyiiig text box on "Raiidoiii 
Variables atid Portfolio Management" explains portfolio risk in teiiiis of cost uncertainty 
aiid the basic concept of comparing the riskiness of two portfolios. Appendix D of this 
report describes a variety of portfolio risk measures. The rest of this subsection explaiiis a 
few of those risk measures and presents some key ideas about risk measurement. 

'' U S .  government securities are often used as a proxy for an investment that bears 110 risk except for the 
risk that the inflation rate may change. 
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What is a raitdoirt variable? A umdom vmiable is a number whose value changes, say over time, 
in a way that cannot be predicted in advance. Planning risk for utilities is often a result the 
random variability of weather, inflation, economic growth, power plant availability, the niarket 
price of gas and the like. These and similar factors have a big influence on the cost of a portfolio, 
but forecasts and trends of them are subject to unpredictable fluctuations. Often we are most 
interested in the long term average cost of a portfolio of resources; that cost, itself, is usually a 
random variable because it is determined by interaction of the random variables just mentioned 
and others, too. 

What is aprobability distribzrtion? We usually know sometlziug about the behavior of a variable, 
even if it is random. The high temperature in Chicago on July 4 next year maybe impossible to 
predict, but we have lots of data about past temperatures. Using that data, we can say with some 
confidence that the most likely value is the long tei-ni average for that place on that day of the 
year. Using that data, we can also find thepuobabilify that the temperature will 90" or 101" or any 
other particular value. If we draw a graph showing temperature values on the liorizontal axis and 
their probability of occurring as the vertical axis, we have a picture of that variable's pi*obabilioi 
dist~ibufioii. (The figure below shows two examples.) In many cases, the graph may look like a 
bell curve; for others, it may not. If a variable can have only a few different values, such as yes or 
no or 0% to 1 00%, the graph will be a bar chart with one bar for each possible value. 

What is art expected vnlue? For a random variable, the expected value is the value we expect to 
see on avei-age over time, but not necessarily the single most coininon value. 

How is variability itieaszwed? Appendix C to this report describes a number of ways to put a 
number on the uncertainty of a portfolio's cost, but they are all ways of expressing the width of 
the probability distribution. 

Witere do we getprobability distribzctioits for resoirrceplanniiig vnrinbles? If historical data is 
exists, such as for weather or fuel market prices, we can rely on that data ifwe are confident that 
the systems that produced those data will not change. For example, we might believe that a 
manufacturer's historical data on the availability of the generators of a certain type will be 
representative of the units we need to model. On the other hand, we may feel that weather data 
need to be adjusted for the impact of climate change. Finding good data for tlie probability 
distributions of resource planning variables is challenging, especially for long-term planning. 

How do probability distribirtiows relate to portfolio rtiaitagerriertt? The riskiness of a portfolio of 
resources is related to the variability or uncertainty of its cost. For example, a portfolio consisting 
of only two resources, a single generating plant and spot market purchases, would have at least 
four sources of uncertainty. One is the uncertainty in the plant's fuel cost. Another is the 
variability in the market price paid for any extra power needed or earned for an excess sold. The 
third would be variation in the load to be served, because that determines how much power is 
available to sell on the market or how inucli extra needs to be bought. Lastly, the availability of 
the plant helps determine how much market power needs to be bought or sold. If we know (or can 
assume) the probability distribution of those four variables, we can compute the probability 
distribution of the portfolio's projected cost. The probability distribution of the cost for this 
hypothetical portfolio might look like Curve A in the figure in this text box. 

I 
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How are probability distributions rrsed in coitipnriiigportfolios? Suppose we wanted a portfolio 
with a niore stable cost. Then we niight consider adding a fixed price purchase contract to cover 
some of the excess power need. This would reduce variability as some or all of the purchases 
would be at a known price. We might also purchase options for the generator's fuel. The options 
would cost us a certain amount whether we exercise them or not, but would ensure that the fuel 
price does not exceed a certaiii value and also reduce the variability of the portfolio's cost. We 
could use this new infonuation to compute the probability distribution of the revised portfolio's 
projected cost. The distribution of the cost for this revised portfolio might look like Curve B in 
the figure below. 

Curve B is much narrower, illustrating the reduction in uncertainty about portfolio cost, but is 
shifted to the right, reflecting the extra fixed cost of some of the risk mitigation measures. So, 
comparing these hypothetical probability distributions, we would have to make what inay, or inay 
not, be a difficult decision, i.e., is it worth paying a somewhat higher expected cost to avoid 
exposure to the possibility of a very high cost. If the differences in costs under tlie two 
approaches are minimal the decision may not be difficult. If tlie differences in costs are large, the 
decision becomes inore difficult. Or, we niiglit decide to look harder for cost effective ways to 
reduce risk, such as adding less volatile renewable generators or ramping up energy efficiency to 
reduce the need for market purchases. 

Risk 

A B  

Cast 
Vwy High 

Figure 3.1. One view of the possible impact of hedging on risk exposure for the cost of a 
portfolio of resources. 

I 

One straightforward way to measure the riskiness or robustness of a portfolio is to 
coinpare its expected cost to its worst-case cost. Northwest Energy and the Northeast 
Power Coordinating Council (NPCC) compare portfolios using this type of metric. They 
measure each portfolio's risk as the difference between its expected cost and an average 
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of the costs in the last 10% of the high end of its probability distribution, which they 
coiisider to be the worst-case cost.” 

Another approach for quantifying risk is to calculate the increase in cost over a given 
planiiing horizon (the selected risk level) for a specified probability or risk level. This 
approach, Value at Risk (VaR), was developed in the fiiiaiicial sector to evaluates the 
downside risk of an investment. It is always calculated iii the context of a risk level and a 
planning horizon. Value at risk is widely used by banks, securities firms, commodity 
merchants, energy merchants, and other trading organizations, who often monitor it on a 
daily basis. In the case of an electricity resource portfolio VaR can be applied to measure 
the cost increase that has a certain probability (tlie selected risk level) of occurring over 
the selected planning horizon. For example, a regulator might be interested in the VaR of 
a proposed resource portfolio over a one year plaiiiiiiig horizon at the 99% risk level. That 
VaR would tell us the amount of extra cost that would have a I %  chance of occui-riiig 
over the next year. Or, a VaR at the 90% risk level for a ten year planning horizon would 
tell us the amount of extra cost that the poi-tfolio has a 10% chalice of incurriiig over the 
next ten years. Utilities in California compare portfolios using this type of metric and 
variations on it.20 

Value at Risk and estimates of extreme values like the iiietrics used iii Montana are two 
measures of the risk of a specific portfolio. There are a several possible measures of risk 
available for regulators to consider. These are listed in Table 3.1 and discussed in 
Appendix D of this repoi-t. The goal of iiioiiitoriiig and managing each of these risk 
measures is to identify sources of and changes to risk and to enable managers and 
regulators to reduce overall utility risk for both utility customers and shareholders. 
Consistency and transparency should be coiisidered in choosing a measure to use. It may 
also be necessary to require validation of the computer models used for this purpose, 
especially proprietary or in-house models. It is also important to exercise care in the 
development of the probability distributioiis used to generate the risk measurements. 

Not surprisingly, the mechanics of computing this measure of uncertainty are far froin simple. This 
approach is discussed fkrther in Appendix B of this report and in tlie NorthWestern Energy 200.5 
Electric Dejfiriilt Supply Resozirce Proczirement Plni7, available at 
http ://www.tnontanaenergyforum.com/plan.litinl 

Flo~v at Risk, cmd Other Measires of Portfolio Risk. June 6 ,  2003. 

19 

lo See Appendix B of this report and CPUC Energy Division, JVorlskop Report 017 Value ut Risk, Cash- 
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Table 3.1 Possible Measures of Risk 
Value at risk 

Component 
value at risk 

Credit value at 
risk 

Enterprise-wide 
risk measures 

Costs at risk 

Rates at risk 

Estiiiiates the likelihood that a given portfolio’s losses will exceed a 
certain amount. 

Measures the marginal contribution to value at risk of each element 
within the overall portfolio. 

Measures potential credit exposure on individual transactions as well as 
the total credit value at risk for the portfolio. 

Aggregates market, operational, credit, and regulatory risk. 

Measures probability that a portfolio’s costs will go up or down. 

Measures potential change in elid customer’s rates as a result of 
generation supply portfolio. 

3.5.2. Considering Risk in the Assessment of Resource Choices 

The various parties iiivolved in long-term planning, fuel and purchased power 
procurement, and rateiliaking will have a range of perspectives and goals. From a 
regulatory perspective the goals may be to achieve a reasonable balance of cost and risk. 
In order to prepare a quantitative comparison of alternative resource portfolios relative to 
those goals, a regulator may wish to h o w  the expected retail rates over the next two 
years and the amount by which retail rates could increase over that same period at a 90% 
risk level for each portfolio. Adaptatioiis of the VaR measure discussed above can be 
used for this purpose. 

Expected cost and value at risk could be used to help evaluate and compare three 
alternative strategies, e.g., (1) the status quo plus purchased power from the wholesale 
market, (2) building a particular new generating plant, or (3) a coinbiiiatioii of increased 
DSM aiid smaller purchases of power from the market. These nietrics would allow 
coinparison of the three resource choices on their expected present value revenue 
requirement (PVRR), the usual measure looked at in IRP, as well as on the risk of rate 
increases. Regulators have always done such risk assessiiieiits mentally or implicitly; now 
they have tools for making these assessinents quantitatively aiid explicitly. 

This notion, of course, is based on the assuinption that one can actually quantify the risk. 
As discussed earlier, future probability distributions are typically estimated based 011 an 
analysis of historical data. If the historical data is inadequate or does not represent current 
or future fundamentals, then the probability distribution will not be accurate. Some types 
of risk are well represented in historical data, such as interest rate fluctuations, returns on 
financial investmeiits, aiid some commodity prices. Other risks are iiot well represented 
in historical data. For exaiiiple, the additional price risk for fossil fuels due to potential 
carbon regulations would have to be analyzed separately, perhaps through a scenario 
analysis, aiid added to the underlying uncertainty in fossil fuel market prices. 
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There are of course ways to reduce the level of risk identified in any such analysis. For 
example one might sign a long-tenii fixed-price contract or purchase coiiimodity futures. 
That would eliminate, or nearly so, the risk associated with increases in material costs, 
but it would also eliiniiiate the potential benefits if those costs fell. There are also more 
sophisticated approaches using call and put optioiis which can limit the downside risks 
but still capture the upside benefits. The most neutral approach is a “costless collar” in 
which the purchase and sales costs of the optioiis net to zero. In essence, this is trading 
some of the upside potential to protect against some of the dowiiside risk. 

Tlius, to suininarize, all of the “at risk” calculatioiis attempt to determine the likelihood 
and magnitude of the downside risks. The results are based on statistical models, usually 
reflections of historic performance of a given investment or market, and predict a “loss” 
threshold at a given probability level over a specified time period. The iiietliodologies are 
most robust in the short to intermediate term for iionnal ecoiioinic conditions. Unusual or 
new conditions can be factored in through additional analysis, but these require special 
studies. 

3.5.3. Tools for Mitigating Risk 

The goal of inoiiitoriiig and managing each of these risk measures is to identify sources 
of and changes to risk aiid to enable managers and regulators to reduce overall utility risk 
for both utility custoiiiers and 

Many kiiids of risk can be protected against with insurance, although there is a usually an 
increase in the expected cost for doing so. This is true for some resource types, but not 
all. For example, if one wishes to reduce exposure to the risk of possible climate change 
mitigation costs or emission permit costs, one could choose renewable resources over 
fossil fuels as a portfolio addition. At the current time, the expected cost of power froin 
many renewable resource plants may be greater than the expected cost of fossil fuel 
plants over their respective lives. Hence, choosing that kind of renewable generation 
insures against a possible future cost at the expense of accepting an increase in the power 
cost that will occur if those climate change costs do not arise or arise late. However, there 
are possible “insurance” resources that do not incur extra costs. Many DSM resources are 
known to be cheaper in terms of lifetime revenue requirenieiit than traditional fossil fuel 
generation (and the associated transmission costs aiid line loss costs), but also provide 
insurance against possible CO:! emission costs. In addition, reducing a utility’s riskiness 
by making lower risk poi-tfolio choices may reduce its cost of money and hence its 
overall cost of service. 

” For additional discussion of ways in which portfolio management can address electricity resource risk for 
regulated service or default service procurement, see Biewald, et al., 2003 cited above. 
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.I. vetvie 
Portfolio management activities caii be grouped into three major applicatioiis or stages, as 
discussed earlier. These activities as indicated in the Introduction are 

developing a resource plan, 

procuring the portfolio of resources identified in that plan, atid 

managing that poi-tfolio of resources on an oiigoiiig basis. e 

Some of the questioiis to keep in mind when coiisideriiig the appropriate tools are: 

e Over what timefra1ne will the proposed strategy apply? 

e What level and stability of prices are expected to result during that time? 

0 What flexibility is there to modify the strategy in response to changes in demand 
or supply conditions, at what points in time is that possible, and what is the 
process for doing so? 

What alternative strategies were, or should be, considered? 

The nature and scope of each activity may vary according to the entity responsible for 
poi-tfolio inaiiageinent and its particular objectives, constraints and circumstances. For 
example: 

1.  Type of organization, e.g., vertically integrated utility or a load serving entity. 

2. Scope of coiisideratioii, e.g., total cost of delivered services, generation service 
cost. 

3 .  Plaiiniiig objectives, e.g., rate minimization, rate stability, balance of rate 
minimization and rate stability, rates tied to day ahead prices. 

4. Time frame for planning, e.g., decade or more, one to five years, less than a year. 

5 .  Plaiiiiiiig constraints, e.g., all new resources to be acquired from wholesale 
market, renewable energy target. 

This section provides an overview of the data and software tools available for each major 
application and a brief discussion of the issues associated with each. 

4.2. Tools Available for Portfolio Management 
The software tools that are available come froin two different perspectives (1) financial 
planning and investment and (2) traditional utility supply-side plaiiiiiiig. The former flow 
from a highly developed quantitative practice and focus on the management of various 
financial instruments such as fiiture contracts, laddering, and options. The software tools 
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available in this category offer fairly sophisticated methods for evaluating risk. 
Contrastingly, those models and tools coming from the utility side represent the unique 
aspects of the electric utility industry, but are nzzicl? less sophisticated in risk analysis. 
The sections below describe the types of tools and Appendix C describes specific 
software tools in more detail. Table 4.1 provides an overview. 

Table 4.1 Overview of software models for risk analysis and management 
Application 

1 ~ Integrated 
System Plan 
(analytics) 

2. Procurement 
(Trading and 
Risk 
Management) 

3 .  Maiiageinent 
(Generation and 
Scheduling) 

Time 
Horizon 

10 to 20 
years 

(long-term) 

1 to 3 years 

(short-term) 

Daily to 
aiuiuall y 

(day ahead or 
near-term) 

Input Data and 
Forecasts 

Forecasts of 

custoiner load, 
price elasticity, 
resource availability, 
fuel costs, 
resource costs, 
risk premiums, 
fuel price volatility, 
reliability 
requirements and 
policies, 
environineiital 
policies and costs. 

Energy and fuel price 
forecasts and market 
futures. 

Load requirements. 

Short term load forecasts. 

Resource and 
transmission availability 

Fuel and energy prices 

Enviroiiinental conditions 

Capacity 
expansion 
models 

Opt~~nim~ion  
Models 

Electric Generation 
Expansiou System 
(EGEAS) 

EnerPrise Capacity 
Expansion 

Screen iiig 
scerinrio, nrid risk 
niinlysis models 

PowerBase Suite 

AURORA 
RISKMIN 

Procurement and 
sclieduling models (no 
capacity expansion) 

e PLEXOS for Power 
Systems 

BookRuiuier; 
Edur 
Epsilon & Entegrate 
ICTS Symphony 
Planning and Risk 

Monaco 
Predict! 
Kiodex Risk Workbench 

4.2.1, Load Forecasting 

L,oad forecasting has been done since the beginning of the electric utility industry. The 
approaches used vary by the time scale involved. Short-term forecasts of a day or less are 
based on typical hourly load patterns for the season and weather forecasts. Forecasts of a 
few years are generally derived from recent historic data and extrapolated with 
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adjustments for weather and siinple external drivers such as population growth and 
planned DSM programs. Coniinon cui-reiit practice is to incorporate weather variability in 
coiiiputing confidence intervals for peak load levels. The greatest change has occurred 
with long-range forecasts. The old practice was to plot the historic load values 011 log 
graph paper and then draw a straight line into the future. More modern practices look at 
load growth by customer class and apply econoinetric methods to develop future values. 
In some cases the load components are broken down by end-use category. That approach 
is especially useful for designing and evaluating Deiiiand Side Management (DSM) 
programs. Over the years, most entities have developed and refilled their own custom 
tools for load forecasting. 

4.2.2. Price Forecasting 

With the move in recent years to wholesale markets, a number of tools have been 
developed that integrate load and price forecasting. Some of these are quite sophisticated 
and consider tratisniission coiistraiiits and locatioiial prices. 

There is considerable academic and professional literature 011 this topic. In recent years 
most efforts have been focused 011 short-term forecasting using such techniques as neural 
networks. 

4.2.3. Integrated System Planning 

Integrated system planning is about finding the right mix of supply and demand side 
resources that provide low cost and reliable electricity service, while also minimizing 
risks. This is much like the Integrated Resource Planning (IRP) that was done by utilities 
before deregulation. The goals are similar but the available coinponents have changed 
somewhat. 

4.2.4. Risk Analysis 

In this category are applications focusing 011 various aspects of risk. The short-teiin 
products look at the more quantifiable risks associated with futures contracts and energy 
markets. A few of the more utility focused tools try to represent in some way the longer 
teiiii risks. But that is conceptrially a more difficult task since there is much greater 
uncertainty. For longer-term analysis, a scenario-based approach is most coninioiily used, 
but the challenge always is to make those scenarios diverse enough to capture a 
reasonable range of possibilities. 

4.2.5. Managing Financial Resources and Contracts 

An important aspect of portfolio inanagenient is organizing arid managing contract 
infonnation. 

Some of the types of products that could be monitored with software tools include spot 
purchases, forward contracts, option contracts, and flexibility contracts. Each of these 
product types offers a different type and degree of pricing and flexibility. 
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The goal of poi-tfolio management iiiay be thought of as finding the optimal trade-off 
between price and flexibility through aii appropriate mix of low price/low flexibility 
(long-tenit contracts), reasonable price but better flexibility (option contracts), or 
unluiown price and supply but no coinmitmeiit (the spot market.) Varying durations as 
well as contract types can help create an even mix. The role of software for managing 
contracts and optioiis is to monitor (perhaps on a daily basis) the cost and risk of the 
inventory of such products and to analyze purchases and sales that might iinprove the 
tradeoff. If a poi-tfolio includes short positioiis or options, frequent analysis is needed to 
choose the best time to fill short positions or to exercise options (if at all). 

There are many vendors offering various applications for this purpose and below we list a 
few of fairly wide use in the energy sector. Note also that this category also overlaps 
some with the risk iiianageiiient tools in the next section. 

4.3. Strengths and Deficiencies of Tools for Resource 
Planning and Procurement 

Some points to keep in mind with regard to software tools for IRP and PM: 

1. Traditional electric industry tools have a utility cost-based engineering 
optimizatioii perspective. This is also true of nearly all IRP tools whose goal is to 
deteniiiiie the least-cost plan given various fairly fixed expectations about the 
future. 

2. Most traditional plaiiiiirig models are deterministic and do not incorporate 
uncertainty. Thus their results, while optimal for a specified set of assumptions, 
may not be so if circumstances change. Traditionally scenario analysis has been 
used deal with these limitations, but the range of scenarios iieeds to be wide 
enough to adequately represent the range of possible futures. There is a general 
human tendency to expect the hture  to be a smooth continuation of the present, 
but a look at the past shows that that is not always the case. One approach is to 
double the range of what conventional wisdom says. Another approach is to 
consider some “far out” scenarios as stress testers for the plans that are developed. 

3. Short-term uiicei-taiiity can be more easily quantified via statistical methods than 
long-teiiii uncertainty. Thus sophisticated statistically based methods used in 
trading and risk management tools are more appropriate for shorter t e r m  of up to 
one or two years, but are harder to apply to long-range analysis and planning, at 
least at the current state of the art. This is mainly because of the iiicreasiiig 
uncertainty of proj ectioiis as time spans grow.” 

’’ The ENERGY 2020 platform takes a somewhat different approach that may be helpful in analyzing the 
risks of long-term uncertainties and strategies. Originally developed as a premier load forecasting 
model, it is one of the few end use models coinrnercially available. However, its endogenous and 
bottom up approach to representing the performance of the utility and its load and resources through 
time allows it to offer an integrated system for IRP analysis including representation of various supply- 
side and demand-side options. It does not presume optimal functioning of the utility’s dispatch, or 
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4. Most financial tools are focused toward the shareholder/iiiaiiager perspective aiid 
riot toward custoiners. Thus when such tools are used for utility PM there needs to 
be a refocusing on the iinplicatioiis for custoiners. 

5.  Demand-side optioiis aiid iioii-traditional resources (such as wind and solar) are 
not well represented in most models. Thus special effort, depeiiding on the iiiodel 
used, inay need to be taken to adequately iiiclude these choices. 

6. Societal benefits such as enviroiiineiital externalities and employment impacts are 
not generally represented. If they are to be considered, they may have to be 
calculated externally to the PM iiiodels themselves. 

It is importaiit to remember what the iiiodel was designed to do aiid what necessary 
simplifying assuiiiptioiis are built in to it. Careful review of key input data is always 
necessary aiid it is wise to reineiiiber that even the best of iiiodels fed the best available 
forecasts can provide only infoiiiied approxiiiiatioiis of the future. 

4.4. Things to Consider Before Selecting Software 
Whenever selecting software, it is iiiipoi-taiit first to prioritize the objectives and then to 
evaluate the available optioiis in that context. 23 

0 

0 

Objectives: How well the software meets the designated goals. 

Involveiiient: The ultimate users of the software need to be closely iiivolved in its 
selection. 

0 Transparency: Are modeling methods aiid algorithms well docuineiited and 
visible to users arid regulators? 

0 Software Characteristics: 
o Monitoring capabilities 
o Facilitatioii and docuineiitatioii of risk assessiiieiit, testing, and remediation 
o Built-in version coiitrols 
o Security and access coiitrols 
o Electroiiic sign-off functionality 
o Audit trail docuinentation and traceability 
o Ability to custoinize input fields, reports, and templates 

Reportiiig Capabilities: Are the model results available in reports and foiiriats that 
are easily uiiderstood and used? 

0 

resource expansion as many models do, but can represent imperfections in plariiiiiig and their results. 
For risk analysis, it provides a broad, integrated platform to analyze a wide range of long-term 
uncertainties via L,atin Hypercube sampliiig (an efficient type of Monte Carlo simulation). 
http://www. energy2020.conl/eiiergy.litin 

23 Some of these criteria are from Aime Marclietti, Beyolid Snl-bnnes-Os/ej) ~0171jdintice: Efjective 
Enterprise Risk h/lnlingement, John Wiley & Sons, 2005. 
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Flexibility: How easily can the software be applied to meet new needs? 

Support: Does the vendor provide training, fix problems and update the software 
as needs change? 

Iiiipleinentation costs: software, licensing fees, hardware requirements, 
iniplemeiitatio~i time, training costs, custoiiiization efforts/consulting. Complex 
inodels severely tax even high end computer hardware. Iiivestmeiits in the fastest 
computers and largest storage devices available are likely to result in considerable 
labor savings and faster, more responsive answers to inodeling questions. In 
sutiimary, regulators considering PM or IRP software acquisition, whether for 
their own use or by utilities they oversee, should focus on the prioritized goals 
and be aware that the largest expense is likely to be for the personnel to properly 
use the software. 

Staffing Requirements: The biggest iiivestnient may actually be iii hiring and 
training people to properly use the software for the desired objectives. 

4.5. Data Requirements for PM 
Depending 011 the type of PM activity chooseii there will be different data needs. Some 
of this can be based 011 historic infonnation, but the essence of PM entails making 
decisions about a future in the face of uncertainty. Thus, the data used iii each PM 
activity are primarily forecasts or assumptions. Moreover, as with most forecasts, the 
longer the planning horizon the more uiicertaiti the forecast. In some cases the PM tools 
inay theinselves generate these forecasts based 011 historic data, or other methods and 
tools may be used. But in either case, the development of the input data is as least as 
important as the inodeling itself and should be carefully scrutinized. 

Some major general categories of data required for PM are forecasts of: 

0 custonier load; 

9 reliability requirement policies; 

0 customer price elasticity; 

9 resource availability (including energy efficiency and renewable energy); 

0 resource costs, both fixed capacity costs and variable operating costs including 
fuel prices; 

9 fuel price volatility; 

0 environnieiital policies. 

Procureiiient and/or portfolio management decisions that are made in the short- and near- 
teim require more detailed data than resource plaiiiiiiig decisions made for the long-teiiii. 
The types of detailed data required for those short- aiid near-tenii decisions are listed in 
the box below. 
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Requirements 

0 L,oad forecasts 
Customer price elasticity (reduced consumption, switching) 
Capacity requirements 

Fuel Markets 

0 Historical fuel prices aiid volatility 
Forward market prices 

Self- Generation, Efficiency and Renewahles 

0 

0 

0 

Production costs from own generation 
Energy efficiency availablity and costs 
Renewable energy availabilty and costs 

Wholesale Electricity markets 

0 

0 

0 

Forecast costs of capacity, transmission, and ancillary services 
Forecast costs of congestion and of FTRs to hedge congestion risk 
Historical wholesale electricity prices aiid volatility in the region of interest-both 
on and off-peak 
Forward market price data for electricity 
Probability and impact of new environmental regulations, e.g., CO:! controls 
Probability and impact of new reliability requirements, e.g., RPM policy in PJM 

0 

0 

0 

Financial Instruments 

Financial iiistruiiieiits and associated costs 

Depending on the specific circunistances not all of these may be required, or other ltinds 
of information may be required. Each situation iieeds to be analyzed coiisidering the 
objectives and what data is relevant and available. 
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5.1. Staffing and Expertise for Po 
Overall, the expertise of the organization should include the following knowledge, skills, 
and abilities relating to portfolio nia~iagement, risk analysis arid inaiiageiiient, and IRP: 

Knowledge: 

Detailed knowledge of the natural gas markets, electricity markets, regional 
transmission organizations, and FTRs 

Full uiiderstaiiding of the range of available supply and demand options 
(including renewables, energy efficiency, etc.) 

Working understatiding of the engineering and operations fuiictions required to 
get those supply and demand options on-line 

Full understanding of traiisinission related options, including RTO/ISO rules and 
costs 

Working knowledge of relevant accouiitiiig rules (including rules for transactions 
in derivatives and Sarbaiies Oxley compliaiice) 

Full understanding of eiivironiiiental regulation costs and risks 

Technical Skills: 

0 Ability to develop or select and imnplemeiit quantitative iriodels for power trading, 
power marketing, and fuels hedging 

Ability to utilize statistical and inodeling tools, which rnay require prograiniiiiiig 
expertise, as well as standard spreadsheet and database applications 

Ability to perfonn quantitative analysis of risk exposure 011 a periodic (possibly 
daily) basis and a long-term basis regarding both financial and physical positions 

Ability to identify, evaluate, and understand actual and potential changes in 
markets to assess overall portfolio risks 

Ability to develop and evaluate risk iiiitigation options 

Ability to take part in financial trades, potentially on a daily basis 

Ability to translate the outcoiiie of the portfolio into utility rates 

e 

0 

e 

e 

e 

Other Abilities: 

0 Ability to coiniiiunicate complex issues and options to internal staff and external 
parties (regulators, shareholders, etc.) regarding the overall risks associated with 
the current portfolio, as well as iiiodifications that can be made to decrease such 
risks 

Ability to develop and maintain a system to provide detailed, traceable records 
regarding all trades and risk management strategies 

Synapse Energy Economics - Portfolio Management Tools Page 36 



Exhibit-WS-2 

Ability to prepare repoi-ts regarding tlie poi-tfolio’s valuation 

Ability to repoi-t activities to FASB, the SEC, rating agencies, regulators, 
shareholders, arid tlie public. 

e 

While it is definitely possible, aiid perhaps preferable, for a utility to take on all of the 
above responsibilities with regard to portfolio management, there is an alternative 
solution, which is to outsource the portfolio inanagemelit function. 

5.2. Staffing and Expertise for Regulators 
Regulators can and do play multiple roles with regard to portfolio management strategies. 

The four major roles, which may not all be performed by a given coiiiiiiissioii, can be 
broken down into the following: 

1. Design of the portfolio (choice of supply/demand side resources, T&D resources, 
types of suppliers, types of contracts, hedging iiiechaiiisiiis, etc.) 

2. Actual procurement of products (solicitation of contracts, making trades, hedging, 
etc. atid regular oversight of the portfolio) 

3 ,  Oiigoiiig oversight aiid adjustment of the portfolio design and procurement, either 
as regulator or as iinpleinenter of procureiiieiit 

4. Audit and other regulatory oversight of the utility (or other responsible parties) 
regarding each of the above. 

How involved regulators are in each of the above is state dependent. In Maine, for 
exaiiiple, regulators are intiinately involved iii each of the four roles described above, 
whereas in other jurisdictions regulators siiiiply oversee the utilities’ activities after the 
fact. Most states with competitive retail procurement fall in between these extremes. For 
example, in New Jersey, the Board of Public TJtilities approves the portfolio and 
procurement plan, as well as the results of procurement, while the utilities execute those 
plans. 

Naturally, tlie skill set required of regulators involved in electric portfolio management 
varies considerably with the extent that they are involved in each of tlie roles. Regulators 
generally need to be highly analytical, knowledgeable about financial products (hedging 
instruments, forward markets, etc.), knowledgeable about the range of resources available 
at any given tiiiie aiid their general cost. As far as timing, tlie role that regulators play is 
oil-going or cyclical. From first assessing key risk areas to developing optioiis to mitigate 
that risk to iiiipleiiienting a strategy and monitoring that strategy, regulators play a 
dynamic role in managing utility risk practices. For a graphic to demonstrate the full 
range of roles, see Figure 5.1, below. 
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24 Figure 5.1. The role of the regulator in risk management is dynamic in nature. 

6. Conclusion 
Traditionally, utilities performed integrated resource planning by evaluating a wide 
variety of available (or expected to become available) supply-side and demand-side 
resources in order to meet current and future needs. The usual emphasis was 011 fillding 
the combination of resources added gradually over a planning period that was expected to 
meet the need at the lowest present value cost to the utility and its ratepayers over the 
planning period. While IRP processes have strong similarities from state to state, the 
detailed requirements specified by utility coniinissions vary. These differences include 
details for treatment of energy efficiency programs, whether and how to include 
treatment of environinental and societal costs, mechanisms for public input, and 
treatment of the way risk and uncei-tainty are treated. 

Wise investors and coniniodity purchasers generally employ some kind of portfolio 
manageinent (PM) and an organized procurement process to choose fiorn the huge 
variety of products available. Portfolio managers must choose fiorn contracts of various 
lengths and starting dates, decide whether and how to use options and hedging products, 
and evaluate many other possible strategies. This task, as a whole, has features in 
coniiiion with the job of a mutual fund manager, who takes responsibility for investing 
money for others, such as the assets of a retirement fund or an individual investor. In that 
setting, some of the available choices are cash, stocks of various kinds, bonds of various 

24 Lucienne Robillard, “Integrated Risk Management Framework,” presented by the President of the 
Treasury Board, Canada, April 2001. 
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lengths and maturities from various issues (companies, governments, special purpose 
entities, etc.), interest rate futures, mutual funds, and so on. State-of-the-art PM uses 
detailed quantitative analysis to understand the uncertainty of cost and retunis from 
different investinent choices. The goal of this quantitative analysis is to assess and 
manage how different combinations of investments with varied kinds of uncertainty 
affect the return and risk profile of the portfolio as a whole. 

Obviously, this is a very general concept. When applied to electric power procurement, 
there are specialized constraints and additional options such as building one's own 
generation or reducing one's need through procurement of DSM options. Up until the 
mid- 1990s, vertically integrated utilities focused on building or buying generation and on 
DSM programs, so adding PM to IRP would have made a difference only in eniphasis. 
More recently, two things have changed. First, the appearance of market trading in 
wholesale power and options for power, natural gas, weather, and emission peniiits have 
begun to widen the choices a utility can make in its resource plaiiiiiiig to look more like 
the type of PM seen in financial and coiiimodity markets. Indeed, some "vertically 
integrated" utilities have de-emphasized owning generation and instead concentrate on 
power purchasing. Secondly, competitive procurement of power for default service has 
begun to use PM-like features, such as contract laddering and purchasing from purely 
financial brokers who do not own generation. 

A few state PUCs now require utilities to apply portfolio management with the goal of 
achieving reliable electric service at reasonable rates to customers over the long tenn, 
either for vertically integrated service or for default service procurement. 

Arguably all electric utilities-vertically integrated and distribution-only-could benefit 
froin placing greater emphasis on PM. The recent developments in the competitive 
wholesale electricity markets create greater oppoi-tunities but also greater pitfalls. A 
passive or inactive utility is more likely to suffer from the pitfalls than benefit from the 
new opportunities. Regulatory guidance and oversight will be critical to achieve the goals 
of portfolio management, and to ensure that all utilities have clear direction regarding 
their roles as portfolio irianagers. Utilities, even in states with restructured electricity 
industries, rnay need to take another look at how and why to manage resource portfolios. 

The great variety of new electricity and electricity-related products and tools available for 
managing resource portfolios and rapidly changing market conditions means that 
regulators have aii opportunity to reassess their roles and expectations regarding the 
scope and nature of portfolio management applied in their state, regardless of whether it 
is a retail choice state or a fully regulated state. This repoi-t has reviewed the reasons for 
this conclusion, explained the key analytical and policy-making challenges, and reviewed 
the software and skills necessary to perforni those functions. It should be emphasized, 
however, that markets, market rules, and product offerings have shifted and changed 
frequently for some time now, and show no signs of stabilizing anytime sooii. Regulators 
should continue to monitor such changes and update their policies and practices 
accordingly. 

Most of these planning models discussed in this report require special effort in order to 
include energy efficiency and renewable energy in their evaluation of resources. In 
addition, these tools would benefit froin improving their methodologies for analyzing 
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long-tenii risks and comparing long-tern1 decisions under uncertainty. For exaniple, some 
existing optiinizatioii models require the representation of systeiii operation to be 
simplified and limit the number of resources that can be considered in a model run. Such 
modeling constraints can prevent the long-teiin costs and benefits to coiisuiners of a 
diverse mix of resources from being evaluated fully. The availability of the data these 
models require to do sound risk analysis is also problematic in soiiie coiiipetitive 
situations, while the institutioii of competitive wholesale markets has improved data 
transparency in others. Regulators may wish to promote research and development on 
improvements in these areas. 
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For this report, we exaniined competitive processes for procurenient of power for default 
service in several states and the District of Columbia, representing a range of approaches 
to default service procurement. Specifically, we looked into actions that states are 
currently taking to manage risk-primarily price risk-for default service custoniers. The 
common approach to managing that risk is through defining and overseeing the 
procurenient process used by default service providers (also known as basic service 
providers and providers of last resort). 

States using auction or RFP procurement typically procure different products for different 
classes of custoniers. For example, a fixed price, all requirements service, including 
energy, capacity and ancillary services, might be procured for residential and small 
comiiiercial default service cu~toirier~,  while large commercial and industrial customers 
might be sewed under a procurement for fixed price capacity, with energy billed at spot 
market prices. In states that procure default service power for small customers under 
multi-year, fixed-price contracts, power for medium-sized commercial custoniers may be 
procured under fixed price, but shorter contracts. 

In this Appendix, we focus on procrirenzent approaclies for  residential and the snzallest 
conznzercial custonzers, as sricli approaclzes present the most clzallenging concerns for 
risk nzitigation policies. 

A.2. Risk Management Approaches Used in Default Service 
Procurement 
Having surveyed a number of deregulated states, we find that many, but not all, retail 
access states have adopted one or another form of contract laddering to manage price 
volatility. Contract laddering nieans that power is procured in staggered, multi-period 
contracts, instead of through a single contract, or several contracts, that expire all at once. 
When such a ladder of contracts is put in place, only a fraction of the total portfolio of 
electric generation contracts expires each cycle, and only a fraction of the supply needs to 
be replaced and re-priced. In practice, this means that the majority of a customer’s 
generation rate is already locked in by pre-existing contracts; the full effect of trends or 
spikes in electric generation prices is buffered for default service customers. In most 
jurisdictions that use contract ladders, the cycle period is one year, and the most coiiinioii 
choice for contract lengths has been three years. Figure A. 1 shows a pattern of 
procurement over time for a siiiiple ladder of three-year contracts with one-third of the 
load rolled over annually. A contract ladder of this type, whatever the length of its 
contracts and number of cycles, may require odd contract lengths when being initialized 
to allow for synchronizing contract expirations and future procurements with IS0  or RTO 
planning years and the like. 
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Procirrenient Year1 Year2 Year3 Year4 Year5 Year 6 
Year 

Ladderiiig is the iiiaiii procurement strategy used by a iiuiiiber of states aiid utilities that 
pursue competitive procureiiieiits for their default service, particularly 011 the East Coast. 
Table A. 1 presents the specifics of procurement schemes iii the jurisdictions studied. 

Year 7 Year8 

113 load 

113 load 

113 load 
- 

I I I I I I 

---.I----̂  I 

Figure A.l .  Illustrative 3-year procurement ladder with phase-in. In this example, by Year 3, only 1/3 
of the contracts expire and must be replaced each year. In other words, 2/3 of the load prices are 
locked in earlier years. 

Specific laddering terms, such as those described above, are established via coiiiinissioii 
orders. In inaiiy cases, the framework used to establish such teiiiis was a negotiated 
settleineiit amongst some of the parties to a ruleinakiiig or other proceeding. Settlements 
have included varied parties, iiicludiiig some or all of the utilities, wholesale bidders, 
retail suppliers, regulators, consumer advocacy groups, aiid others. Generally, oiice the 
contract procureinelit ladder atid process is established, adjustments have been made for a 
period of several years before it is revisited. 

A.3. Observations on Procurement Approaches 

A.3.1. Procurement Process 

A few retail choice states rely primarily or in part on spot market purchases for default 
service procurement (e.g., Texas and New York). In New York, supply procureineiit for 
default customers is essentially a portfolio-based approach where utility supply portfolios 
typically consist of "legacy hedges" (i.e., long-term contracts entered into at the time the 
power plants were sold), short-term coiitracts, spot purchases from the NYISO market, 
and financial hedges. The majority, however, use either a Request for Proposal (RFP) or 
aii auction format to procure power for default service customers. New Jersey led the way 
with auctions for default service power, using a descending clock auction to deteiiiiiiie 
final prices. Illinois has recently adopted a similar process, but has not yet executed aii 
auction. A iiuiiiber of other jurisdictions, iiicludiiig Maryland, the District of Columbia, 
Maine, and Delaware, use RFPs soliciting bids of various lengths for fixed price blocks 
of default service power. 
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Table A.l:  Competitive procurement strategies for procurement of default service power in selected 
jurisdictions. 

Timing of Procurements Effective Date 
of First 

Procurement 

2002 

200s 

fl!fl of Annual 
Requirement 

s Procured -- 
33Yo 

33% 

33% 

Contract 
Durations 

Jurisdiction Procurement 
Process 

3-year Annually, in February 

Annually, in Decenibei 

Auction 

RFP 

New Jersey 

Maine' 

Illinois 

3-year 

Annually, in September 2006 (pending) Auction 

RFP 

RFP 

RFP 

RFP 

Spot niaiket 

Utility- 
specific 
portfolio 
approaches 
along wit11 
the use of 
financial 
instruments 

3-year 

Mix of 1,2 
and 3-year 

Mix of 1,2 
and 3-year 

Varies. 
Cui~ently 2S% 
annual 1 y. 

Marylaud2 Annually, in 3 rounds, 
approx 3 weeks apart 
Previously began in Dee , 
but MD, DE and DC 
expect to reschedule so 
that bid peiiods do not 
overlap 

Same as Maryland 

200s 

District of 
Columbia 

Varies I 
Currently 25% 
annually 

200s 

3-year Same as Maiyland Delaware3 33% 

SO% 

2006 

2004' Massacliusetts' 1 -year Semi-annually, in April 
and October 

Daily Actual daily 
iequiieinent 

NIA 

Varies, some 
pre-existing 
long-term 
contracts, 
short-term 
contracts, spot 
purchases, 
and financial 
instruments 

2002 

1999 

Texas 

Varies Varies New York 

New legislation (May 2006: 36 MRSA $3203) establishes the possibility of using longer-term contracts. 1 

' The MD PSC is currently exploring changes to SOS procurement: case number 9064. 
New legislation (April 2006: H.B. 6) calls for sweeping changes, including integrated resource planning, 

consideration of both short- and long-term contracts, owning and operating generation facilities, and 
demand side management program to serve default service customers. At least 30% of the requirements 
are to be procured competitively from the regional wholesale market. IRP aspects of this bill will be 
implemented over time, but a proceeding is under way to consider revisions to the RFP procureinelit 
process (PSC Docket No. 04-391). 

most of the state's basic service providers continue to procure 50% of their load every 6 months, using 
I-year contracts. However, in a December 2005 settlement, NSTAR agieed to begin using a mix of 1,2,  
and 3-year contracts for its generation contracts going forward. 

While Massachusetts has revisited contracting mechanisms multiple times over the last several years, 4 

Effective date of semi-annual procurements. Standard offer service began in 1998. 
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Advantages and disadvantages are claimed for each approach. State regulators or default 
service providers who utilize RFPs can readily adjust the RFPs annually to address 
specific needs or concerns over time. Smaller ,jurisdictioiis perceive an advantage in the 
W P  format due to reduced transaction costs and shorter lead times, viewing a more 
formal auction process as burdensome. Meanwhile, advantages of the auction iiiclude a 
perception of greater transparency, especially since bidders receive feedback about the 
level of interest expressed in each round of bidding as the price desceiids from round to 
round. To date, there is not enough data to clearly indicate which approach is better from 
either the generator or consuiiier perspective. Theoretical arguments have been offered 
about which one, if either, will produce tlie lowest prices, greatest bidder participation, 
etc., but, in practice, each approach has been able to attract a sufficient number of bidders 
to satisfy the various commissions that monitor the processes. 

Some states (e.g., New Jersey, Maine, Illiiiois) have a single annual procureiiieiit to 
replace expiring contracts. Maryland, the District of Columbia, and Delaware each spread 
tlie annual procurement over three separate bid dates, spaced approximately three weeks 
apart in time. This is perceived to reduce the risk that a temporary market disruption will 
dominate the overall result. On the other hand, the smaller size of each procurement 
might make the RFP iiiarginally less attractive to bidders and slightly increases the 
administrative cost. 

The different approaches have advantages or disadvantages for both the buyers atid 
suppliers, but there is not enough data available to reach fiiin co~iclusioiis 011 which 
approaches are better and under what circumstances. Clearly, however, timing plays an 
iinpoi-tatit role in the outcome of procurements. Default service procureiiieiits are 
typically scheduled farther in advance and are not easily moved. Market events and the 
t h i n g  of their procurements hit the 2006 generation contracts in Maryland, the District 
of Columbia, and Delaware particularly hard. These jurisdictions each held the first of 
their three intra-year procurements in December 2005, when natural gas price futures 
were at an all time high. Even a six week delay would have resulted in prices 011 the order 
of 20% lower. In this regard, New Jersey was fortunate, because its last procurement was 
held in February 2006, at which point natural gas prices (and electricity futures) had 
already begun to subside. Thus, the specific timing of procurement processes can 
significantly affect generation rate outcomes. Jurisdictions attempting to initialize a 
multi-year laddered procurement are particularly vulnerable. Whether results can be 
improved by introducing flexibility in the timiiig of procureiiieiits is a recent topic of 
controversy. 

A.3.2. Contract durations in default service procurement 

We see that not all states have chosen to iiiipleiiieiit the same contract ladderiiig teiiiis. 
New Jersey, Illinois, Delaware, and Maine have chosen a simple 3-year contract 
ladderiiig approach.' The District of Columbia and Maryland use a coiiibiiiatioii of one-, 

New Jersey began with unladdered one-year contracts and began phasing in  a thee-year ladder with its 
2003 procurement. In its 2005 RFP, Maine began to phase in a tluee-year ladder, but did so by 
procuring separately priced contracts for each off years one, two and three of the ladder, rather than 
single, flat-priced bids for the whole three years. 

6 
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two- and three-year bids iii their 200.5 aiid 2006 RFPs. Meanwhile, Massachusetts utilizes 
only 1 -year contracts iii overlapping procurements every six months. In New York, some 
utilities use the ladderiiig approach for a poitioii of their supply portfolios with the 
remainder of their portfolios coiisistiiig of loiiger-term contracts and spot purchases. 
Texas relies on spot markets. 

The duration of contracts aiid the number of overlapping contracts in a laddered poi-tfolio 
has a major affect 011 the degree to which customers are protected from price fluctuations; 
those procurements using spot market purchases or uiiladdered contracts (1 00% of 
contracts expire together) expose customers to greater price volatility than laddered 
procurements. Contracts for longer periods of time protect customers froin price 
fluctuatioiis longer, but if they are not laddered to roll over, create the risk of larger price 
juiiips when they do expire. 

In general, jurisdictioiis that use a three-year ladder with annual roll over of oiie-third of 
the supply have chosen to optiiiiize their ladder to provide protection against fluctuatioiis 
of price ranging from short-teiiii spikes to highs aiid lows of up to a few years. With 
regard to the loiiger-term risks (say, price trends over five to teii years or longer), a ladder 
of three years or less is inadequate to mitigate those risks for customers. A three-year 
ladder results in generation rates that are, in effect, a three-year moving average of 
market prices. So, if generation prices gradually rise over ten years or if a market change 
results in a sudden long- tenii shift in prices, the risk mitigation obtained from early 
procurements fades out after three years and the fi.111 force of those market trends or 
events is fed into rates at that time. Price risks due to loiig-term trends or sudden 
peiiiiaiient market shifts may be mitigated oiil y with correspoiidingly long-term 
procurements (or other types of loiig-tenii hedging). In order to accoiniiiodate longer- 
teiin stabilization goals, a long-term ladder or longer-term resources would be needed. 

It is important to note that a single long-term purchase stabilizes rates for the life of the 
contract, but at the risk that the contract may turn out to be higher than market prices that 
actually occur in the future and at the expense of total exposure to market conditioiis 
prevailing at the elid of that purchase. Alternatively, the aspect of ladderiiig that produces 
risk mitigation as well as price stability is that it divides the supply up into small 
increments, each of which is priced separately at a different time and only one of which 
expires at any given date. 

It is also iinportaiit to highlight the fact that states may have different policy objectives 
with regard to portfolio management. For example, states that have chosen contract 
laddering may have a goal of trying to stabilize prices for custoiiiers who do not switch to 
a competitive supplier or they may anticipate that small customers are unlikely to switch 
to a competitive energy supplier. 

New York specifically desires to encourage development of competitive retail markets 
but requires utilities to provide stable prices for inass market customers until volatility 
mitigated products are available from the coiiipetitive market. The NY PSC's 2004 policy 
stateinelit requires that utilities that provide default service, at least for the present, should 
"prepare plans to foster the development of retail markets" atid "continue to maintain a 
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balanced contract portfolio for residential customer commodity" in the "near t e i~ i i . "~  
Pricing of default coiiimodity service varies by utility and by customer class. Some 
utilities pass through average monthly NYISO spot prices in the supply charge but with 
an offsetting adjustment to delivery charges based 011 the "value" of hedges, so that, on 
average, the utility's coiiiiiiodity price is based 011 its overall portfolio cost.' Texas has 
chosen a similar strategy to encourage competition. Most deregulated states, however, 
have opted to focus procurement policy 011 the needs of customers who do not shop. 

When contract ladderiiig is the sole procureineiit tool used, it provides only limited 
portfolio management benefits, which are realizable only over the length of that ladder - 
sometimes a very short time frame. Some states are begiiiiiiiig to address this limitation 
through new laws that explicitly try to obtain low costs over the long-term for their 
smaller default service customers. A variety of means have been adopted or are under 
discussion for this purpose. 

Maine is one state that has taken this approach. The Maine L,egislature recently enacted 
legislation requiring the PSC to "adopt by rule a long-teiiii plan for electric resource 
adequacy for this State to ensure grid reliability and the provision or availability of 
electricity to consumers at the lowest cost." The new legislation allows the Coiiiinissioii 
to include in that plan "cost-effective demand-side ineasures" as part of the supply of 
standard-offer service. It authorizes the Comiiiission to enter into various standard-offer 
service contract lengths and teniis for residential and small commercial customers and 
directs the Coiiiiiiissioii to consider developing one or more demand response programs 
for medium nonresidential cu~toii iers.~~ 

Delaware now also requires expanded portfolio management practices embracing full 
scale integrated resource planning for default service including energy efficiency, 
renewables, aiid the option of utility construction of new generation units. 

On or after May 1, 2006, it is tlie policy of the State that Electric Distribution Companies 
subject to tlie oversight of the Coininissioii and as part of their obligation to be Standard 

' Quotations fkom pages 48, 52 and 28-29 of the Staferiietif cited in  this footnote, respectively. However, the 
Commission also declined to provide for further acquisition of hedges for medium to large commercial and 
industrial customer service as existing hedges expire. Stnteriierif at 32. Further, the Commission ordered 
that, "When new rate cases or rate plan extensions are filed, the utilities will be expected to include specific 
proposals to encourage migration of customers and to otherwise further the development of retail 
competitive markets. I .  .We are not endorsing the New Jersey [auction] model because it unnecessarily 
prolongs the utilities' comiriitirient to multi-year wholesale contracts and their role as a commodity supplier. 
. "..The sooner customers experience pricing variations, the sooner competitive markets will provide 
alternatives, including fixed-price options and peak and off-peak pricing, possibly accompanied by interval 
metering." NY PSC Case 00-M-0504, Proceeding on Motion of tlie Commission Regarding Provider of 
Last Resort Responsibilities, the Role of Utilities in Competitive Energy Markets and Fostering 
Developrnent of Retail Competitive Opportunities. Stnfemerit oj'Policy 011 Further Steps toword 
Coinpetition in Retnil Eriergy Ah-ke ts ,  August 2.5, 2004. 

' Personal communication, Ra.j Addepalli, NY PSC, 7/30/2006 
' 36 MRSA 93203, enacted May 2006. 
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Offer Service Suppliers shall engage in Integrated Resource Plaiining for the purpose of 
evaluatiiig and diversifying their electric supply options efficiently aiid at the lowest cost 
to their custoniers.. ..As part of the initial IRP process, to immediately attempt to stabilize 
the long-tenn outlook for Standard Offer Supply in the DP&L service territory, DP&L, 
shall file on or before August 1, 2006 a proposal to obtain long-term contracts. Tlie 
application shall contain a proposed foiiii of request for proposals (“FCFP”) for the 
construction of new generation resources within Delaware for the purpose of serving its 
custoiiiers taking Standard offer Service. Such proposed RFP shall include a proposed 
form of output contract.. . , which contract shall have a tenii of no less than ten (1 0) years 
aiid no inore than twenty-five (25) years. Such RFP shall also set foi-th proposed selection 
criteria based on the cost-effectiveness of the project in producing energy price stability, 
reductions in eiiviroiiiiieiital impact, benefits of adopting new and emerging technology, 
siting feasibility and teiiiis and conditions conceiiiing the sale of energy output froiii such 
facilities. ’ O 

Similarly, Maryland is coiisideriiig modifications to its staiidard offer service policy. 
0b.jectives mid strategies are cui-reiitly beiiig coiisidered in Coniiiiissioa Case Number 
9064: a major policy review proceeding covering the provision of standard offer service 
(“SOS”) to residential and small coiiiiiiercial customers. 

In sum, some states that deregulated electric generation aid adopted retail coiiipetitioii in 
the last decade are returning to an IRP-type of portfolio management, as opposed to 
relying solely on contract ladderiiig with ternis of one to a few years. This iiiay provide a 
inore robust form of poi-tfolio iiiaiiagemeiit than is currently beiiig utilized. 

A.5. Resources on state procurement practices 
For inore information 011 the basic service procurement processes and results in the states 
that use a competitive process for procurement of their default service, see: 

’” Electric Utility Retail Customer Supply Act of 2006, HB 6, enacted April 2006 
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In contrast to the practices seen in the deregulated states covered in Appendix A, the fully 
regulated states we surveyed generally had an integrated, active approach to poi-tfolio 
iiianageineiit. Frequently these processes consider many factors affecting the need for 
electric resources, such as generation and transmission siting, system reliability, 
efficiency and renewable energy, rate design, and fuel diversity. 

California, Montana, Washington, aiid Oregon, for example, explicitly require 
coiisideratioii of price or enviroiiiiiental risk maiiagenient in plariiiiiig aiid procurement. 
However, each state’s approach to regulating risk inanagemeiit practices differs. More 
tliaii any other state iii the survey, Califoriiia prescribes how utilities treat regulatory 
(enviroiiiiiental aiid cost recovery) and price risk in utility resource plans arid is actively 
iiivolved in utilities’ decisions about risk iiietrics aiid models. California is also the only 
state we interviewed that explicitly defines coiisuiiier risk tolerance in the context of 
procurement planning. With both regulated aiid deregulated utilities, Moiitaiia is an 
iiiterestiiig case study of how risk niaiiageiiient policy can translate fi-om one regulatory 
coiistruct (vertically integrated) to another (deregulated). Washington aiid Oregon require 
utilities to consider risk, but they leave risk iiianagement squarely in the hands of the 
utilities. Because cost recovery depends in part 011 the coiiipaiiy’s risk iiianagement 
practices, utilities have a large incentive to keep up with developments iii risk 
iiianageiiieiit theory aiid methods. In Oregon, specific regulatioiis coiiceiiiiiig risk are 
currently unfolding. Although Washington has generally taken a hands-off approach to 
risk management policy, inceiitives to account for risk in procureiiieiit planning and 
acquisition processes have spurred extensive and sophisticated modeling of stochastic 
variables, providing a solid fouiidatioii for least-costheast-risk decision making. 

9.1. California 
In 2003, followiiig a tuiiiultuous two-year period of testing customer choice in retail 
markets, the Califoimia Public Utilities Coiimission (CPUC) ordered the state’s investor 
owned utilities to resume plaiiiiiiig aiid procuring resources to meet coiisuiners’ electric 
load. The state’s Long-Tenii Procurement Plaiiiiiiig process (LTPP) is one part of overall 
resource planning, which is being coordinated and integrated with previously separate 
processes uiider the following headings: Comniunity Choice Aggregation, Deinaiid 
Response, Distributed Generation, Energy Efficiency, Qualified Facilities, Renewable 
Portfolio Standards (RF’S), Traiismission Assessirieiit and Plaiiniiig proceedings and 
Resource Adequacy requirements. Every two years, utilities are required to subinit 
LTPPs detailing their projections of demand and laying out how they propose to meet 

For this survey, we reviewed background literature, regulations, and legislation on risk management 1 

practices and policies in fifteen IJS states aiid one Canadian province. We contacted the state public 
utility commission where we found indications that the state makes some explicit consideration of price 
or environmental risk management in its planning and procurement processes. In all, we contacted 
eleven and interviewed eight commission staff members. 
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that demand over a 1 0-year liorizo~i.~ Analysis underlying and presented in the plans must 
include sensitivity analyses for load growth as well as for gas and market  price^,^ and the 
proposed resource mix must meet tlie criterion of least cost-best fit.4 

California requires utilities to consider environmental factors, including the cost of future 
carbon reduction regulations, in their long-tenn planning and resource comparisons. 
Utilities are instructed to add $8 per toil of COz to the cost of fossil-fired resources for 
planning purposes (Le., tlie adder is not used in ratemaking) to reflect the cost of cliniate 
change to California and to incorporate some of these resources’ financial, regulatory, 
and environmental risks into resource decisio~is.~ The goal of this requirement is to 
reduce California's dependence on fuel sources that pose considerable and increasing 
environmental risks. 

Also addressing the environmental externalities and regulatory risk associated with fossil 
fuels, California directs utilities to prioritize demand-side and renewable resources in the 
planning process. Utilities are to follow the “loading order” established in the state’s 
Energy Action Plan (EAP), which seeks to optimize energy coiiservatioii and resource 
efficiency while reducing per capita d e ~ n a n d . ~  The EAP established the following priority 
list: 

1. Energy efficiency and demand response 

2. Renewable energy (including renewable DG) 

3 I Clean fossil-fueled DG and clean fossil-fueled central-station generation 

The state and its utilities are meeting their goals for energy efficiency, suggesting that the 
planning process and loading order may have had some affect 011 procurenient decisions. 
For example, SCE requested an additional $38 inillion for efficiency programs, to meet 
an anticipated energy shortfall. However, goals for demand response and renewables 
have been somewhat elusive, in part due to perceived increased risk of contract failure by 

L,iz Baldwin, Regu/crtoiy Assistance Project Electric Resoiii-ce L,or7g-i~ar7ge P/nr7ning S7/rvey: CnlQ’oiwia. 
May 20,2005. 

percentile. Scenario analysis of energy and gas costs is likewise to be evaluated at the 95“’ percentile. 
(CPUC, Xi/Iii7g and Scopirig Me1770 .? 71 16 in Ri/leriia/cii7g 04-04-00.3, Jun 4, 2004) 

’ Demand forecasts must include three levels of demand, with a high load forecast that is set at the 95‘” 

Liz Baldwin, op. cit. 
U.S. EPA. Cle017 Ei7er-~i-Ei7viroiiri7ei7t G7/ide to ilctior7: Policies, Best Practices, arid Action Steps fbi. 

State of California. 200.3 Eiiei-gy Actio17 Plan. May 8, 2003. 

5 

Stntes, April 2006. Available at l~ttp://epa.gov/cleanenergqr/stateandloca~/guidetoactio~~~l~t~n. 

lii:iu.!’\\;~~~~.ene~~~.cn.rruvieneilzy aci . ion, , , ,plni~/1003-0ri-OS~,~ACTION_~~l,l \~.~~F: 
The loading order originates in the 2003 E17ergy Aclioii Plar7, proposed by a joint subcorninittee of the 
California Energy Commission, the CPUC, and anotlier agency that is now defunct. These agencies 
approved the final pian, wliicli required the State Energy Resources Conservation and Developinent 
Commission to conduct assessments to address public-interest energy strategies including 
“identification of policies that would permit fuller realization of the potential for energy efficiency, 
either through direct programmatic actions or facilitation of the market.” The Ei7ergy Action Pl0r.r was 
required under SB 1389 (Signed Sep 14, 2002. Available at ! l ~ ~ e r i ~ ~ . ~ . l ~ L I ~ ~ ~ : , _ g o . i r  
OZ!ibill/sen/’, I35 I -1400!shm,l 389 bi11,,,~20020915 ,clia!)tered.lil-ml, accessed J ~ l y  12 2006). 

6 
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renewables, as well as transmission development and cost recovery risks. In part to 
address these problems, the CPUC combined long-teiiii WS plaiiiiiiig with its general 
procurement planning proceeding (R.04-04-003). Also, it directed utilities to identify aiid 
conduct contingency planning addressing inipediments towards meeting the RPS .7 

Procureiiieiit plans are required to incorporate one or more procureineiit process features 
that, if adhered to, reduce the utility's risk of cost disallowances. These features include a 
competitive procureiiieiit process,8 a benchmarl<-driveii incentive mecl~anisiii,~ and a pre- 
established set of criteria on the acceptability aiid eligibility of procurement contracts for 
rate recovery. l o  

Taking into account the parties' positions, the CPUC analyzes each plan and may 
approve, iiiodify, or reject the plans. The Commission iiiay require compliance filings to 
resolve any deficiencies in the plans. Iiiclusioii of an eleiiieiit iii an approved LTPP does 
not constitute pre-approval, per se; the IOTJs must get separate authorization for tuiii-key 
projects, self-build, and supply contracts of five years or longer." 

Procurement strategy is overseen by utility-specific Procurement Review Groups (PRG), 
which commeiit 011 (but neither approve nor disapprove) the details of each utility's 
proposed procurement processes and contracts (prior to their submission to the PIJC for 
expedited review). PRG members include the PUC Energy Division, Office of Ratepayer 
Advocates staff, and interested parties who are not market participants, all subject to a 
non-disclosure 
quarterly reports subiiiitted by the companies. TJtilities must also file monthly risk reports 
assessing coiisuiiier exposure to market risk. l 3  

Guidance on specific risk measures evolved fro111 the time of the energy crisis. Citing 
VAR's widespread use in finaiicial markets, in commercial software, and in utility 
holding companies' annual reports, the CPUC adopted SDG&E aiid PG&E's 

The Coiiiiiiissioii iiioiiitors procurement decisions via 

U.S. EPA, op. cit.; Center for Resource Solutions Team, Achieving CI 3.3% Rer i e~~ i~~b le  Eiier,gi Target, 
Nov. 1, 200.5. Prepared for the California Public Utilities Coinmission. Available at 

.-j'-'cr'ccnt I ~ I ' ~ . . . . R ~ ~ ~ ~ t . ~ ~ ~ ~ ~ ,  accessed July 12, 
2006. 

The Cornmission, not tlie utility, specifies tlie format of that procurement process, as well as criteria to 
ensure that tlie auction process is open and adequately subscribed. If purchases are in compliance with 
the authorized process, they will be recovered in rates. (California SB 1037. Signed Sept. 6, 2005. 
Available at lilt~~.~iinfo.scn.ca.eov/i~ub/bill/scn!sl, IO01 - 1050!sb 1037 hi l l  200.50929 clia~7tcrcd.lit~711, 
accessed July 12,2006.) 

If approved, this incentive mechanism would autliorize tlie utility to procure from tlie market, depending 
on how tlie company performs relative to commission-authorized bemlimark(s). The incentive 
ineclianism should be clear arid achievable. In addition, it should contain quantifiable ob.jectives and 
contain balanced risk and reward incentives. (California SB 1037, op. cit.) 

coinpliaiice with the approved procurement plan. (California SB 1037, op. cit.) 

goyh~!~z:~Ll~d Pini sc!A c!!icviii E.. 

8 

9 

Under this mechanism, the CPUC will conduct an expedited review of tlie proposed transaction's I O  

I '  Liz Baldwin, op. cit. 
I' CPTJC, Decision 02-08-071 in Rulemaking 01-10-024, Aug. 22, 2002; CPUC, Resolution E-3857, ID# 

2979, Dec. 18,2003. 
U.S. EPA, op. cit 13 
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recorniiieiidatioii for reporting portfolio cost risk using TEVAR, the value at risk to 
expiratio~i.’~ Further, it required that the utilities file monthly portfolio risk reports 
reflecting estimated portfolio risk for each month on a rolling 12 month basis, 011 a 
quarterly basis for months 13-24, aiid on an annual basis for Iiioiiths 25-60. Seeking 
transparency and consistency in risk nianagenieiit reporting, the CPUC required 
validation of SCE’s proprietary, in-house portfolio risk model. l 5 > l 6  

Coiisuiiier risk tolerance, defined as the price that an average consumer would be willing 
to pay to reduce the risk of higher prices in the future, is specifically addressed in the 
context of procurement planning. For example, PG&E set a coiisutiier risk tolerance 
level, measured by portfolio TEVAR, at one-cent per kWh over a rolling 12 month period 
in its 2004 short-term procurement plan.17 

More recently, SB 1037 elriphasized the role of risk management in procurement plans. 
Objectives of the plans were clarified and redefined to include providing ail appropriate 
balance of price stability and price level in rates, aiid to allow utilities to enter into 
financial aiid other electricity-related product contracts for the purpose of moderating 
price risk associated with serving retail customers. This law requires utilities to assess 
their portfolio price risk and risk management policy, strategy, aiid practices, including 
specific measures of price stability, aiid to include these assessments in their proposed 
procurement plans. Furthermore, the utility must demonstrate that the procurement plan 

l 4  VAR stands for Value at Risk, a measure of tlie uncertainty of the value of resource portfolio. VAR is 
discussed in Section 3.5 and Appendix C of this report. TEVAR, or Value at Risk to Expiration, is a 
measure of risk over the entire holding period of the positions. It is of some interest that the confidence 
levels (e.g., 95% or 99%) to be used in these analyses were controversial. The CPUC has ultimately 
approved use of 85% levels on the understanding that inore extreme confidence levels may be beyond 
the ability of the existing data to estimate in a stable manner. 

directing utility risk inanageinent practices, we need to balance our preference for an “even-handed” 
treatment on procurement policy with an emphasis on transparency and consistency in risk management 
reporting. We recognize tlie importance of standardized risk reporting in order to measure ratepayer risk 
on an “apples-to-apples” basis and to ensure that utility procurement decisions will benefit all IOU 
ratepayers in an equitable and unbiased manner. Establishing a common benchmark is one way of 
ensuring that California’s ratepayers, regardless of utility, are equally protected from adverse risk, and 
thereby call reap the benefits of reliable energy at low and stable rates.” (CPUC Interim Decision D.03- 
12-062, in R 01-10-024, Dec. 18,2003) 

The CPUC allowed SCE to use its inodel temporarily, contingent on the Company reporting on tlie 
methodology, assumptions, and formulas of the model. Validation would require an independent audit. 
If the model did not receive an unqualified model certification, SCE would be required to use a 
coininercially available risk measurement model. SCE later questioned the ability of an independent 
reviewer to assess the internal validity of its model but was ovenuled. The Coinmission clarified that 
certification required a determination that all the features of tlie model work as advertised, that the 
inodel is mathematically sound, and that the assumptions utilized by the model are reasonable. (Interim 
Decision D.03-12-062 in R 01-10-024, Dec. 18,2003) 

j 5  The Commission stated, “while we continue to believe that it is unwise to be overly prescriptive in  

15 

l 7  PG&E’s STPP was essentially subsumed into its L.TPP. (CPUC, Resolution E-39.5 1. Sept. 22, 2005) 
A portfolio should include “any utility-retained generation, existing power purchase and exchange 

contracts, and proposed contracts or purchases under which an electrical corporation will procure 
electricity, electricity demand reductions, and electricity-related products aiid tlie remaining open 

IS 
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will “create or maintain a diversified procurement portfolio consisting of both short-teiiii 
and long-term electricity and electricity-related and demand reduction products.” SB 
1037 also allows the commission to use funding to obtain iiidepeiident consulting 
services to evaluate risk nianagenient and strategy.” 

In 1992, the Montana Public Service Conimissioa (MPSC) enacted IRP guidelines that 
encourage electric utilities to develop and implement least cost planning. Five years later, 
restructuring legislation established customer choice aiid mandated the functional break 
up of Montana Power Company. Montana Power Company was later purchased by 
NorthWestem Energy (NWE), which became the default supply utility (DSTJ) in most of 
the state. The other major investor-owned utility, Montana-Dakota Utilities (MDU), 
which provides power in eastern Montana, was exempted from restructuring atid 
remained a vertically integrated utility.20 In 2003, the PSC enacted guidelines on long- 
term portfolio planning, nianageiiient, and resource procurement for default service 
electricity supply. As a result, there are two separate planning processes applying to the 
two major service territories: traditional integrated resource platitiiiig (applicable to 
MDU) and electricity resource plaiining and procurenient for default service customers 
(applicable to NWE). 

IRP guidelines 

Montana’s IRP guidelines provide a fairly co~iiprehensive framework for conducting least 
cost planning and addressing a variety of costs aiid risk factors. The guidelines place 
strong emphasis on managing aiid reducing risks associated with resource choices in a 
iiiaiiiier that addresses environmental, societal, and ratepayer risks as well as risks to 
shareholders. The IRP rules require that utilities consider all available resource options, 
including DSM, and evaluate these options based on a broad range of resource attributes. 
Usiiig “best available” methodology, resource plans should explicitly evaluate 
quantifiable and non-quantifiable eiivironmental externalities, iiicludiiig the uncertainty 
and risk associated with future environmental regulations, uncertainty regarding the size 
and importance of external etiviron~iieiital costs, and eiiviroiiineiital costs associated with 
continued operation of existing resources. 

Although utilities determine the sources of risk using their own techniques and judgment, 
the IRP guidelines suggest that utilities consider these potential sources of risk: 

0 resource lead-time, 

0 water availability, 

future load growth, 

position to be served by spot inarlcet transactions.” (California SB 1037, signed Sept. 29,2005. 
- Ii~~.~/~iif~~.sci~.ca.nov!pub!l~iIl/seii~sb -_I_____.. 100 1-1 OSOi’sh, 1037 bill, .20050929 ,chai~tcrcd.Iitinl) ! .  

“) California SB 1037, op. cit. 
“PacifiCorp was also affected by restructuring. PacifiCorp sold its Montana service territory to Flathead 

Electric Cooperative. Rural electric cooperatives opted not to open their territories to competition. 

Synapse Energy Economics - Portfolio Management Tools Page B-5 



shortcomings of various forecasting methods, 

perfoiiiiaiice and useful lives of existing resources, 

costs and performance of future demand- aiid supply-side resources, 

the rate of techiiological change, 

future fuel availability aiid price, 

the existence and social evaluation of enviroiiiiierital externalities, and 
the future sociopolitical and regulatory environment. 

0 

e 

0 

e 

The IRP guidelines also present a list of potential planiiiiig techniques for utilities to 
consider for managing risks associated with the above sources: 

assessing the risk of resource alternatives, 

developing resource options that increase scheduling flexibility, 

developing small, short lead-time resources that better match loads with resources 
aiid reduce the aiiiouiit of, aiid period over which, capital inust be invested to meet 
future load growth, 

diversifying the resource portfolio to allow adaptation to a range of future 
outcoiiies, 

managing loads to increase utility control over resource requirements, 

encouraging the acquisition of resources through competitive processes, 

iiicorporatiiig coiisuiiier respoiise to rate design into forecasting models, 

providing for public iiivolveineiit aiid education in resource decisions, and 

inaiiitaiiiiiig a transparent integrated least cost resource platiiiiiig aiid acquisition 
process (i.e., one which produces resource plans that can be reasonably 
understood by the public and the 

The guidelines require that demand-side resources be given special consideration in 
resource Utilities are required to weight aiid rank existing and potential 

” Montana Administrative Rules, sub-chapter 20: Least Cost Planning - Electric Utilities. 38 5.2004 
-- The IRP guidelines also include provisions on sizing and evaluating demand side resource options. The 

impact of price-induced conservation (Le. coiiservation undertaken by customers in the absence of any 
utility-sponsored program) should be accounted for either in the load forecast or as part of the total 
available resource. The revenue impacts of decreased sales resulting from demand-side resources are 
not added to cost of acquiring such resources. Also, in considering demand-side resources, until a point 
at which there are no market barriers or market failures that may interfere with investment in demand- 
side resources, as opposed to supply-side resources, demand-side resources are considered cost- 
effective up to I 1.5% of the utility’s long-term avoided cost. The total societal cost test and the total 
resource cost test are required elements of an IRP. (Montana Admiiiistrative Rules , sub-chapter 20: 
Least Cost Planning - Electric Utilities. 38.5 2004, Liz Baldwin, Repln to iy  Assistni7ce Project Electric 
Resozirce Lor7g-i*ni7ge Plnr717ii7g Szmey A4oi7tnnn Sept. 29, 2005) 

7 7  
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resources on the basis of, in part, their environmental impacts. In evaluating potential 
resource options, utilities should recognize protected areas and any areas inhabited by 
protected wildlife. Utilities are encouraged to recognize the positive externalities 
associated with resources that correct or reduce existing environmental damage. 
Furthermore, utilities should conduct sensitivity analyses to determine if more 
environmentally benign resource alternatives can provide equivalent benefits at a lower 
societal 

Special attention is given to consistency between the IRP and rate making processes in 
the IRP guidelines. The importance of this consistency is particularly emphasized for rate 
stability. In addition, TRPs must explicitly recognize rate design opportunities to develop 
demand-side resources. 

While the determination of how to assess environmental exteiiialities and risk factors is 
left to the utility, the guidelines do require that the utility clearly and thoroughly 
document the decision process for choosing resource options. 

Default electric supplier procurement guidelines 

Montana’s largest restructured IOU, NorthWestem Energy, is subject to Montana’s 
default electric supplier procurement  guideline^.^^ These guidelines were developed with 
the following stated objectives: 

Provision of adequate, reliable default supply services, stably and reasonably 
priced, at the lowest long-term total cost 

Pricing that is both equitable and promotes rational, economically-efficient 
consumption and retail choice decisions 

A balanced, environmentally-responsible portfolio of power supply and demand- 
side nianagenierit resources, coordinated with economically-efficient cost 
allocation and rate design 

Diversity with respect to resource types and contract durations 

Dissemination of infoniiation to customers regarding the mix of resources in the 
supply portfolio and corresponding level of emissions and other enviroiiniental 
impacts 

I 3  The screening process in Montana’s IRP guidelines requires that the cost assigned to each resource 
reflect all relevant attributes Attributes generally include those that influence utility costs as well as 
long-term societal costs, including risk and uncertainty Other attributes to be considered are 
environmental externalities, the overall efficiency with which the resoui ce produces energy services, 
administrative costs of acquisition programs, the cost effectiveness of the resource within the context of 
the utility system, reliability, and associated transmission costs. (Montana Administrative Rules, sub- 
chapter 20. Least Cost Planning - Electric Utilities 38.5.2004) 

In NorthWestern Energy’s territory, there is currently no competitive supply available for residential and 
small business customers A statutory change in 2005 will allow entities to aggregate residential and 
sinall business custoniers, subject to regulatory approval The Commission lacks authority to adopt 
portfolio rules for aggregators, but it may be approving some sort of planning guidelines in the future. 
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Underlying Risk Factor Price 
Uncertainty Risk 

Each DSTJ is required to develop an Electric Default Supply Procureineiit Plan (EDSPP) 
to coiiiply with these objectives. This plan is based on a coiiiprehensive resource needs 
assessment, consideriiig all aspects of customer load, resource availability, and product 
type availability. The plan must assess the resource diversity and flexibility of the 
existing portfolio, as well as the effect of cost allocation and rate design on future 
resource needs. To evaluate these factors independently of resource options, DSUs must 
employ rigorous computer modeling aiid analysis in the portfolio iiiaiiagenient and 
resource procurement processes. Analyses must also be used to develop least-cost 
sceiiarios and conduct risk sensitivity analyses for the various options. Table B.2.1 shows 
the risk factors that DSlJs are required to consider. 

Load 
Uncertainty Risk 

Fuel prices aiid price volatility 
Environmental regulations & taxes 

Default supply rates 
(including carbon regulation) 

X X 
X X 

X 
Competitive suppliers' prices 
Transmission constraints 

X 
X 

Weather 
Supplier capabilities 

DSTJs must apply cost-effective resource planiiiiig aiid acquisition techniques to inanage 
and mitigate the risks posed by the factors shown in Table B.2.1, above. Such techniques 
include contingency planning, poi-tfolio diversification, and transparency in the planning 
and procurement process. These utilities must balance enviroiiinental responsibility with 
other portfolio objectives, including lowest long-term total cost, reliability, and price 
stability. 

The guidelines require DSTJs to develop methods for incorporating portfolio objectives 
into the resource procureiiient, for exaiiiple by weighting resource attributes aiid ranking 
bids in coiiipetitive solicitation processes. The guidelines suggest that weights may be 
giveii to reflect, among other things, co~itributions to achieving optimal resource 
diversity; project feasibility (and risk) with respect to engineering, development, and 
financing; supplier creditworthiness (counterparty risk); and fuel source, associated price 
volatility, aiid regulatory risk (including regulations on carbon emissions). 

A default service provider should evaluate the perforinance of alternative resources under 
various loads aiid resource coinbinations through scenario, portfolio, sensitivity, and risk 

X X 
X X 
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analyses. As an example of these modeling efforts, for its 2005 EDSPP, NWE conducted 
a 20-year horizon resource planning analysis involving the following steps: 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

Define the load obligation 

Accumulate data 011 resource options and model inputs, including expected 
carbon costs and gas and electricity price forecasts 

Create portfolios of resources that are representative of the feasible possibilities 
that NWE could pursue 

Conduct intrinsic analysis2’ of the portfolios to identify key risk drivers, and 
employ scenario analysis for gas and electricity prices, load, and C02 
regulat io~is~~ 

Select the most robust portfolios, considering the major risk factors inherent in the 
portfolios 

Conduct the final screening of the most robust portfolios using stochastic analysis 
using thousands of siinulations 

Select the best portfolios based on their placement 011 a risk-adjusted mean 
efficiency 

Conduct qualitative analysis of the best portfolios 

Create an Action Plan outlining how the selected resource characteristics will be 
acquired over the time frame of the Plan 

NWE ran PCI GenTraderO, an energy supply poi-tfolio modeling and generation dispatch 
model, for steps four, six, and seven (listed above).28 

For approval of a power purchase and sale agreement, NWE employed somewhat 
different methodology. NWE used GenTraderB to model both the current portfolio of 
resources and the best portfolio mix going forward. Also, it evaluated portfolio 
perfonnance by a different measure of portfolio risk measure, calculated by adding 70 

’j Intrinsic analysis employs fixed market prices and static resource assumptions. (NorthWesten1 Energy, 
200.5 Electric Defmlt Szqyly Resowce Procureme17t Plnr7) 

l6 The analysis considers tlie potential iinplementation of a COz tax using forecasts of medium, liigli, and 
zero taxes. The expected case (medium) was drawn from NPCC’s estimate of a 67% chance of a 
$G.00/ton-C02 charge starting in 2010 and rising to $14/ton in 2017. Ibfd 

difference between tlie mean and the average of tlie worst 10% of stochastic draws. NPCC also uses this 
metric. lbid 

GenTraderO is a “widely used” tool that evaluates complex power portfolios of both generators and 
energy contacts. In the MPSC’s Comments, it noted that other models might be more useful in this 
context-for analyzing and evaluating dynamic resource portfolios-because it does not employ 
iterative modeling tecliniques. /bid 

’’ For step seven, NWE employed a risk metric that compares the expected outcome (tlie mean) to the 
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percent of the stochastic mean portfolio cost to 30 percent of the 95 percent confidence 
level portfolio cost.29 

The default electric supplier procurement guidelines also address staffing and tools for 
risk ma~iagement and mitigation, but only briefly. They recommend that utilities seek 
upfront aiid substantive input from an independent advisory committee of technical and 
public policy experts, for the purpose of mitigating risk and optimizing resource 
procurement outcomes relative to portfolio objectives. The guidelines also advise utilities 
to eiiiploy “adequate” staffing and technical resources for risk iiianageineiit; other 
suggested tools include using diversity (fuels, technology, contract terms) aiid 
contingency planning. Transparent planning and procurement process is also considered a 
cost-effective resource planning and acquisition technique for managing and mitigating 
risks. 

As a requirement of providing default electric supply service, a default supplier is 
required to also provide customers with the option of choosing a “green” product 
composed of or supporting power from certified enviroiiinentally preferred resources 
such as wind, biomass, solar, or geothermal resources. Further promoting resource 
diversity, the Montana PSC recently adopted a rule establishing a Renewable Energy 
Resource Standard. 

The Montana PSC is not required to explicitly “approve” resource plans filed by 
restructured or traditional utilities, therefore recoverable costs associated with an 
implemented plan are not guaranteed in rate cases. 

B.3. Washington 
The Washington Utilities aiid Transportation Coiiiinission (UTC or Commission) 
considers utility portfolio and risk manageiiient practices in three interrelated processes: 
integrated resource planning (IRP), competitive resource acquisition, and, more 
tangentially, in cost recovery. 

In 1987, Washington iinpleineiited an IRP process with filings required every 24 months. 
As a part of the IRP process, utilities must coiiduct a “detailed and co~isistent” analysis 
considering, at a niininiuiii, resource cost, dispatchability, and effect on system operation; 
market-volatility and risks imposed 011 ratepayers; uncertainties regarding demand-side 
resources; regulation or policy change at the state and federal level; and enviromnental 
policy risks, iiicluding the cost of COz e~n i s s ions .~~  The Coniiiiission does not require that 
IRPs consider externalities explicitly, although these issues may be considered in other 
proceedings. 31 

’‘) MTPSC Docket 2004-3-45, Order 6 5 5 7 ~ .  
j0 WAC 480 100 238. 
” Utilities that have service areas in other states that require consideration of externalities generally include 

these factors in their Washington IRPs. Liz Baldwin, Regulatory Assistance Project, Electric Resource 
Lo17g-rn17ge Plnn~ing S z / ~ w y .  JVnshi17g~o17. Sep 2005. Available at ~ ] ~ : / / ~ ~ , ~ ~ ~ ~ ~ . l ~ ~ ~ o n l i i ~ ~ . o i  E/. 
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In the IRP process, utilities must consider a wide range of coniiriercially available, 
conventional and lion-conventional supply- and demand-side 
an inclusive review of resources, together with risk evaluation requirements, spurred 
utilities to begin coiiductiiig extensive simulation analyses of many different resource 
portfolios, each over many different futures. For their IRPs, utilities compare the 
perfoniiance of these portfolios, allowing selection of one with minimal cost and risk for 
a given price and risk tolerance. 

Although utilities are iiot specifically required to include DSM in resource portfolios, 
they have begun to do sophisticated analyses to more accurately represent the cost 
reduction aiid risk mitigation benefits that DSM brings to a For example, in 
its 2005 IRP, Avista analyzed conservation measures using hourly avoided costs (as 
opposed to the more co~ii~iioii use of annual figures), load shifting, and on-peak versus 
off-peak value.34 

Risk management practices in Washington have improved greatly in the last five years, 
due to use of stochastic (and other) iiiodels and the availability of computing power to 
produce more robust results. Generally, the present value of revenue requireinelits is 
computed over many trials (200-300 iterations), aiid the mean of the variants provides a 
measure of risk.35 For example, Puget Sound runs an enterprise-wide database 
niaiiageiiieiit tool-KW3000 by Kiodex-as its core risk management software that is 
used to run large numbers of scenarios and to evaluate the firm’s position.36 While many 
risk factors, iiicludiiig weather and price variability, are evaluated using stochastic 
analysis, some risk factors are generally not considered stochastically; potential policy 
changes, for example, are generally evaluated using scenario analysis.37 

The purpose of the IRP is largely for dissemination of information within the company 
and to the TJTC, ratepayers, investors, and other stakeholders. If the Coinmission finds 

This directive for 

” Although traiisinission aiid distribution are iiot explicitly evaluated in IRP, they are generally considered 

j3 The risk mitigation benefits that energy efficiency, other DSM, or renewable resources provide are 
if they are impact or are impacted by other measures. Liz Baldwin, op. cit.. 

accounted for in the IRP through a “consistent” comparison of all resources and extensive analysis of 
the performance of portfolios with different resource mixes under varying conditions. Washington does 
not confer special status to these resources in the resource plaimiiig and acquisition processes on the 
ground that their effects on risk vary. For example, while renewable resources may provide an excellent 
hedge against the price of fiiel, tliey may have less value in terms of reliability, price, supply, and 
strategic risk mitigation. Phone interview, Hank McIntosh, WA Utilities and Transportation 
Coinmission, Integrated Resource Plaiuiing. Jan. 27, 2006. 

li~p://www.nwcurrent.com/efficiency/industria~/l978 1 17.1itml 

Planning. Jan. 27, 2006. See also Northwest Power and Conservation Council. (NWPCC) 2003. Power. 
S7pp/y Adeqimcy Forim Stute IRP Requireimiits nid Issiies. Available at 
http ://www.nwcouncil.org/energy/powersupply/adequacyforum/ 

practice. Moreover, it needs a lot of input and time. (Phone interview, Hank McIntosh, WA Utilities and 
Transportation Commission, Integrated Resource Planning. Juri. 28, 2006.) 

34 L,iiida Anderson, “Avista Utilities aims high on efficiency,” mt~c~ir.r.ent~ Nov 29, 2005. 

” Phone interview, Hank McIntosh, WA Utilities and Transportation Commission, Integrated Resource 

Possibly relating to the large iiuinber of scenarios, the software has been cumbersome and slow in 16 

3 7  Liz Baldwin, Sep 200S(b), o p  cit. 
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that an IRP is coiisisteiit with its rule, it issues an ackiiowledgment during a public, 11011- 

litigated process. This formal acluiowledgnient does not, however, represent a 
detennination that a plan is reasonable, nor does it reduce the utility’s regulatory risk in 
future proceedings, per se. Utilities are expected to justify resource procureinent 
decisions in rate cases in light of any new opportunities or conditions that occurred after 
the IRP was issued. 

IJtilities are given a great deal of leeway in the methodology aiid assu~nptions used in 
developing their IRPs. A utility may, for example, choose the plaiining horizon (although 
long-run and short-run conipo~ients are required), the assumed cost of cornpliaiice with 
C02 regulations, aiid acceptable levels of reliability and price escalation risks.38 Utilities 
can choose to reject Staffs technical advice 011 iiiodeling methods3’ but rarely do so. To 
the extent that decisions subject to prudence review are founded on the IRP, it is in the 
utility’s interest that Staff and other interested parties understand the proposed plan, 
including underlying modeling and assuniptions, sufficiently well to participate in the 
plan’s developiiient. For this reason, the utility usually involves these parties the plan’s 
development aiid may revise the plan multiple times based 011 their feedback. 

While risk over the long tenn is generally dealt with in the context of the IRP, short tei-iii 
risk may be considered in other ways. At Avista, risk nianagement policies focus 011 an 
18-month horizon; coiisistent with available product terms and the uncertainty associated 
with hydro co~id i t ions .~~ 

Following subiiiission of its IRP, the utility submits a draft request for proposals (RFP), 
consistent with the resource needs and preferences identified in the IRP but open to all 
resources, as well as a set of bid evaluation criteria for Cominission approval or 
suspension. The evaluation criteria and ranking process for proposals must also be 
coiisisteiit with the stated goals of the IRP and include consideratioii of a resource’s cost, 
dispatchability, aiid effect on system operation. In addition, RFP evaluation should 
consider risks to both shareholders and ratepayers with, for example, criteria for credit 
and financial risk, price volatility, climate change regulatory risk, and resource preference 
under federal or state policy. Finally, ranking criteria must consider unique risks posed by 
different technologies, fuel sources, financing arrangements, aiid contract provisio~is.~’ 

Bidder response to the RFP provides data for verifying the accuracy of resource cost and 
availability models and assuinptions used in the IRP, such that these models and 
assuinptions can be improved for future planning The RFP data infonn the 
utility’s decisions going forward, aiid the Coininission niay use this infoi-niation when 
evaluating utility perfonnance during rate cases.43 

3x WUTC General Order No. R-526, Jan. 4,2006, Docket UE-030311 
3‘) L,iz Baldwin, Ibid 

Phone interview, Rich Stevens, Director of Corporate Risk Management, Avista. Jun. 30,2006. 
“ WAC 480-107-015, -025, -035 

The results of the RFP are also used to determine the utility’s avoided cost, which serves as the price to 
be paid to qualifyiiig facilities under PURPA. 

43 WAC 480-107-015, -025, -035 
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Risk and risk iiiatiageiiieiit policy are also coiisidered during prudence reviews. Utilities 
bear the full weight of their decisions regarding risk aiid price-risk tradeoffs, and they 
must later defend these choices during prudence review. There is no p re -appr~va l .~~  
Utilities have risk inanageiiieiit policies, but they are and produced within the 
coiiipaiiies. For example, Avista’s risk iiiatiageiiieiit policy is written and approved by its 
portfolio management committee, comprised of upper iiiaiiageiiient at Avista. Avista 
shares risk management polices with certain regulators subject to the confidentiality 
agreeinetits. Although regulators provide coiiiineiits, they have taken a hands-off 
approach to the developiiieiit of these policies.46 

5.4. Oregon 
Since 1989, Oregon has required investor-owned gas aiid electric utilities to file 
individual integrated resource plans with the Oregon Public Utilities Coiiuiiissioii 
(OPUC) every two years.47 The primary goal of Oregon’s IRP process is to acquire 
resources at the least cost to the utility and ratepayers in a i-naiiner consistent with the 
public interest. These resource plans must consider risk aiid cost-risk tradeoffs. Utilities 
have employed risk factors such as price volatility, weather, and the costs of current and 
potential federal regulations, iiicludiiig regulations that address CO:! emission 
s t a ~ i d a r d s . ~ ” ~ ~  In recent years, the utilities have coiisidered non-quatitifiable issues that 
impact planning, such as potential changes in market structure, the establishment of 
renewable portfolio standards, changes in traiismissioii operation and control, aiid the 
effect of PacifiCorp’s multi-state process on regulation and c~s t - recovery .~~ 

-14 NWPCC 2003 
Phone interview, Hank McIntosh, WA Utilities and Transportation Commission, Integrated Resource 

Phone interview, Rich Stevens, Director of Corporate Risk Management, Avista. Jun. 30, 2006. 
The original IRP order, No. 89-507, was modified in 1993 in Order No. 93-695, wliich set out guidelines 

for utilities to quantify external societal costs. In 93-695, the PUC found that mandating consideration 
of externalities was outside of its jurisdiction unless these costs are likely to be internalized in the 
future. Accordingly, the guidelines recorninend that utilities incorporate cost adders to account for 
potential federal-level carbon regulations. 

In its most recent IRP, PacifiCorp looks at four primary risks: load variation, natural gas and electric 
price variation, hydro variation, aiid forced outage rates. It also conducts scenario analysis for some 
”what if?” risks. For example, COz risk was considered in a scenario analysis, which employs simpler 
models than are used for analysis of the primary risks. (Phone interview, Maury Galbraitli, OPUC 
Energy Division. Feb. 3, 2006) 

Although Oregon is covered by the federally-mandated Northwest Power and Conservation Council 
(NWPCC) plan, Oregon utilities only consider this analytically sophisticated plan peripherally in the 
IRPs. Northwest electric power and conservation plans are available at 

-15 

Planning. Jan. 27, 2006. 
-16 

-17 

-18 

49 

~ ~ ! ~ ~ . ~ ~ ~ ! ~ ~ ! ~ ~ . ( ~ ~ ~ ~ ~ ~  a!:Y!D cfa>i!L!m. 
U.S. EPA. Cleaii Eiiei~i-EiiViioiiiiieiit Gziide to Actiori: Policies, Best Practica, arid Actioii Steps f o i  50 

States, April 2006, Available at littu:/!el~a.aov/~leanenei ~ , v i s t n t e a ~ i d l o c a ~ ~ ~ i ~ ~ i ~ ~ o ~ c t i ~ i ~ . l i . h t i i ~ ~  
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In docket UM 1056, the OPUC is currently coiisideriiig changes to its IRP requirements 
and guidelines. The most recent proposal, put forth by Staff in docket UM 1056 includes 
these requirements and guidelines, in pait: s1  

Utilities should evaluate all supply- and demand-side resources on a consistent 
and coinparable basis, using consistent, clearly defined assumptions and methods 
for evaluation of all resources. Utilities should provide a comparison of resource 
fuel types, technologies, lead times, in-service dates, durations, and locations in 
portfolio risk modeling. Demand side resources should be evaluated 011 par with 
supply side resources, and any potential savings in distribution systeiii costs from 
these resources should be identified. 

0 Uncertainty and risk must be considered in the IRP. At a iiiiniinum, utilities 
should address uncertainty due to load requirements, hydroelectric generation, 
plant forced outages, natural gas prices and electricity prices. Tltilities should 
identify in the plan any additional sources of uncertainty. The analysis should 
recognize the historical variability of these factors as well as future scenarios. 
Discussioiis on specific risk evaluation iiietrics are 

The primary goal is the selection of a portfolio of resources with the best 
combination of expected costs and associated risks and uncertainties for the utility 
and its  ratepayer^.^? To this end, utilities should consider all costs with a 
reasonable likelihood of being included in rates over the long tenn, which extends 
beyond the planning horizon and the life of the resource. The plan should include 
analysis of current and estimated future costs for all long-lived resources (such as 
power plants) as well as short-lived resources (such as short-teiiii power 
purchases) for a planning horizon of at least 20 years. IJtilities are required to 
address risk by analyzing resource alternatives using measures of cost-variability 
and the severity of bad outcoines, and by evaluating portfolios for a range of 
discount rates. These plans must analyze the effect of potential compliance costs 
related to global warming on costs and risks for the resource portfolios under 
consideration, as well as risk mitigation strategiess4 The plaiis should also 
consider how costs and risks are affected by the use of physical and financial 
hedges. 

0 

” Staffs Reply Comments, filed Sept. 30,2005 in docket UM 1056 (Public Utility Coininission of Oregon) 
j2 Currently, tlie risk techniques employed in IRP are not consistent with those used in ratemaking 

processes. That could change in tlie future. Staff arid PGE are investigating whether IRP tools could be 
used to normalize costs for ratemaking purposes. Phone interview, Maury Galbraith, OPUC Energy 
Division. Feb 3, 2006 and Jun. 28, 2006 

it might be worth it to pay more for a portfolio that displays less volatility. (Phone interview, Maury 
Galbraith, Jun. 28, 2006. Op. cit.) 

lJtilities are including a CO? adder as a base-case assumption, in addition to running C02 cost scenarios 
for a range of prices ($0 to $40/ton, 1990$). In its 2006 planning cycle, PacifiCorp is looking at phase- 
in strategies where the C 0 2  adder ramps up over time. 

To achieve the best coinbination of resources, utilities trade off cost and risk, with the understanding that 53 

54 
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Additionally, the Staffs proposal coiitiiiues the requirement that the public be allowed 
adequate iiivolveiiieiit in development of the plan. 

A parallel docket, UM 1 182, is updating competitive bidding guidelines for resources 
above a certain size, including how bids should be evaluated and how bidding should 
mesh with IRP processes and criteria. Price-risk tradeoffs are also at issue in yet another 
ope11 docket, TJM 1066, which is reviewing whether the Com~r~ission should modify its 
requirement that all new generating resources go into rates at market price (undefined), 
rather than in the utility’s rate base at cost. The current rules include a waiver process. 

Currently, the Coiiimissioii reviews the filed IRP-including its treatment of risk-and 
either acknowledges it, in whole or in part, or seiids it back to the utility for modification 
and resubiiiission. Although the OPTJC does consider IRPs in future rate-case 
proceedings, a fonnal acknowledgmeiit of an IRP does not ensure favorable rate-making 
treatment for costs associated with resource a c q u i s i t i ~ n . ~ ” ~ ~  The significance of 
acknowledgiiient for future prudence review has been raised in UM 1056. 57 

Risk is also considered during rate cases 011 power costs, and adherence to companies’ 
risk policies has made an impact 011 rate treatiiient. For example, the OPTJC deteriiiined 
that PGE imprudently deviated fiom its risk policy when it contracted for power before 
foiward markets demonstrated liquidity. The OPUC disallowed the difference between 

55 Oregon PUC Order No. 89-507 set forth the Commission’s role in reviewing and acknowledging a 
utility’s least-cost plan. The Commission reviews tlie plans submitted by utilities and either 
acknowledges them, in whole or in part, or returns them for modification, based on its assessment of the 
plans’ adherence to tlie principles set forth in this aiid more recent orders. Legally, tlie Commission is 
required to reserve judgment on rate-malting issues. However, tlie Commission considers the IRP and 
ratemaking processes to be linked. In ratemalting proceedings, tlie Commission gives weight to actions 
that are consistent with an acknowledged IRP, and utilities are expected to explain actions that are 
inconsistent with acknowledged plans. (OPUC Staff Report. April 18, 2003. Docket No. LC 33. 
- htru .!/www. ore eoin.govlP CJ C!inee t ill  edpnie nios!2003/050 703 i lea3 . pd f) 

Plan Supplement in case L C  33 requested acknowledgment of PGE’s continued reliance upoii 
ratemalting tools, including internal iiismance, reserve funds, and deferred accounting, for managing 
risks that have a low probability but a high cost to insure externally. Staff opposed acknowledging this 
practice, because “different risk mitigation tools are appropriate for different resource acquisition 
strategies,” further stating that Staff “cannot assess how PGE should mitigate risk because it will not be 
requesting acknowledgement of specific resource acquisition actions until it files its Final Action Plan.” 
PGE later withdrew tliis request. (OPUC Staff Report, Op. cit.; OPUC, Partial Plan Acknowledgment, 
Order No. 03-461, Aug. 1,2003) 

In UM 1056, Staff initiated discussion on tlie significance of acknowledgment for a prudence hearing or 
rate case regarding an investment or purchase. Both PGE aiid PacifiCorp (and other parties, including 
Idaho Power) submitted comments. PacifiCorp maintained that what is known or knowable by the 
utilities is appropriately considered in tlie IRP planning cycle and asked tlie Commission to clarify that 
it won’t revisit what was known or knowable at tlie time tlie IRP was acknowledged in later 
proceedings. (PacifiCorp’s Opening Comments. Sept. 9, 2005. Docket UM 1056, p. 21-22) Staff 
opposes PacifiCoip’s proposal. (Staffs Reply Comments, filed Sept. 30, 2005, in OPUC docket UM 
1056.) 

Acknowledgment of specific risk management practices have been proposed. For example, PGE’s Action 56 

51 
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the actual purchased power costs and what costs would have been, had PGE followed its 
purchasing guidelines. ’* 
Although Oregon does not require utilities to have risk management policies, all investor- 
owned utilities (Idaho Power Co., PGE, and PacifiCoip) have them. Generally these 
policies are developed aiid approved by risk manageiiieiit coiniiiittees coiisistiiig of 
company staff. 

Risk nietrics employed vary from utility to utility, although value at risk (VAR) aiid the 
variance of portfolios’ PVRR is coiiiinoiily used for resource planning. Iii its 2004 IRP, 
PacifiCorp evaluated resource portfolios using the following measures of PVRR 
variability: stochastic average PVRR (stochastic variable costs plus the deteiiiiinistic 
fixed cost), upper tail PVRR (average of five worst results), and standard deviation and 
variance. As with metrics, risk nianagemeiit software also varies from utility to utility. 
Portland General Electric has just begun using Aurora for resource planning iiiodels. 
PacifiCorp uses Planning & Risk by Global Energy Decisions and adds on iiiternally- 
developed, systeni-specific models for its W. 59 

Foiiiial treatinelit of risk allocation between Shareholders aiid ratepayers generally occurs 
during rate cases. In these proceedings, a coiiipaiiy’s recovery of costs hinges on the 
prudence of its decisions based on infoniiatioii reasonably available to it on, among other 
things, the risk those decisioiis pose to In theory, rate cases deal with risk to 
shareholders through the rate of retui-n, but in practice this relationship is not specifically 
iiiodeled. In recent filings, some intervenors argue that there should be reduction in the 
rate of return if the companies are granted purchase cost adjustment eligibility or other 
measures that reduce utility risk. 

Most staff members at the Coiiiinission who deal with energy risk management are 
economists, with skills and experience in economic and financial analysis, return on 
equity, aiid cost ofcapital.61 

’* OPUC Order 02-772. Oct 30,2002. Case docket UE-139. 
Our respondent has not used Planning & Risk but notes that the training provided by the software 

developer was excellent. (Phone interview, Maury Galbraith, June 28, 2006) 
Allocation of risk was also considered in docket UE 165, specifically with respect to PGE’s request for a 

power cost ad,justment mechanism (PCAM) to help it deal with the fluctuations in earnings due to liydro 
availability and power market prices. Under a rejected stipulation, the PCAM would have created an 
asymmetrical band around System Dispatch Cost Variance, in which consumers would have been 
charged for these costs in excess of $15 million, whereas shareholders would return excess earnings 
greater than $7.5 millioii to ratepayers. Among other things, this stipulation would have required PGE 
to obtain consultation services for analyzing the statistical distribution of net power costs as well as the 
variability and correlations between hydro generation, electricity prices, natural gas prices, system load, 
and forced outages. In its order rejecting elements of the stipulation, the Commission cited the 
stipulating parties’ failure to provide analysis on how ofteii the PCAM would likely be triggered and 
that it would be revenue-neutral. (Order No. OS-1261, Dec. 21, 200.5). 

Cathie Murray, Regulatory Assistance Pro.ject, Electric Resowce Loiig-lw7ge P101717ii7g Szirvey: Oregoi7. 
September 2003. Available at Iittl,://~’w.c~~.1-aponliiie.oi E/. 

59 

60 

61 
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C.1 a Overview 
This appendix discusses several computer models for poi-tfolio manageiiieiit and some 
practical issues coiiceniiiig the selection atid use of such models. The particular iiiodels 
presented are some of the better known ones, but an exhaustive list is beyond the scope of 
this report. 

In coiisideriiig available tools for portfolio iiiaiiageiiieiit in the context of electricity, 
several factors must be considered: 

1. Type of organization, e.g. integrated utility or a load serving entity 
2. Time frame for planning, e.g. less than a year, several years, decade or more 
3. Scope of consideration, e.g. management of energy and fuel contracts or total cost 

of delivered services 
4. Perspective, e.g. shareholders, customers, or society-or a coiiibiiiatioii thereof 

The tools that are available come from two different perspectives (1) finance/iiivestiiient 
and (2) traditional utility planning. The former flow fiom a highly developed quantitative 
practice and focus on the maiiageinent of various financial instruinents such as future 
Contracts, ladderiiig, and options. The software tools available in this category offer fairly 
sophisticated methods for evaluating risk. Contrastingly, those models and tools coiiiiiig 
from the utility side teiid to focus on -fully representing the unique aspects of the electric 
utility industry, but are generally much less sophisticated in risk analysis. 

Regulators should keep in mind what the model was designed to do and what necessary 
simplifying assuinptioiis are built in to it. Careful review of key input data is always 
necessary and it is wise to remeiiiber that even the best of models fed the best available 
forecasts can provide oiily infoiined estiiiiates of future results. 

To give some idea of the range of tools for different aspects of electricity portfolio 
management, we reproduce in Fig. C. 1 the product diagram froin Global Energy 
Decisions showing their products and their applicability. 

New Energy Associates also offers a suite of products that breaks out the process in a 
slightly different way. (See Table C.2.) 

1 
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Analytics 

Market Aiialytics 

Market Aiialytics LMP 

Planning 8L Risk 

Capacity Expansion 

Fig. C.l .  Conceptual Approach of a Sample Portfolio Management 
Software System (Global Energy 

Energy Operations 

Front Office Soliitions Generation Management 

Middle Office Solutiolis IS0 Maiiagenicnt 

Back Office Solutions Load Forecasting 

PI ant Managem en t 

Strategy & Corporate Trading & Risk 

Day-Ahead Desk 

Real-lime Desk Planning and Risk 

SOURCE Giohai Energy Decisions 

Global Decisions graphic, used by permissiori 

Strategic Planning 1 Maintenance Scheduling 

Tariff Analysis 
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Table. C.2. Conceptual Approach of a Sample Portfolio Management 
Software System (New Energy Associates) 

I Strategy and Planning I Trading and Market Operations I 
I PowerBase Suite I Monaco I 

PROMOD IV 
S trategist 
Marketpower 

MarketMaiiager 
Retail Office 
NOSTUDAMUS 

I IMPACT I I 
1 SENDOUT I Generation Management I 

Cockpit 

C.2. Load and Price Forecasting 
L,oad forecasting has been done since the beginning of the electric utility industry. The 
approaches used vary by the time scale involved. Short teiiii forecasts of a day or less are 
based 011 typical hourly load patterns for the season aiid weather forecasts. Forecasts of a 
few years are generally derived from recent historic data and extrapolated with 
adjustments for weather aiid simple exteiiial drivers such as population growth and 
plaiiiied DSM programs. Common current practice is to incorporate weather variability in 
coinputiiig confidence intervals for peak load levels. The greatest change has occurred 
with long range forecasts. The old practice was to plot the historic load values on log 
graph paper and then draw a straight line into the future. More modem practices look at 
load growth by custoiner class and apply econometric methods to develop future values. 
In some cases the load cornponeiits are broken down by end-use category. That approach 
is especially useful for designing and evaluating Demand Side Managenleiit (DSM) 
programs. Over the years most entities have developed and refined their own custom 
tools for load forecasting. 

With the move in recent years to wholesale markets, a number of tools have been 
developed with iiitegrate load aiid price forecasting. Soiiie of these are quite sophisticated 
and consider traiismission constraints and locatioiial prices. 

There is considerable academic atid professional literature 011 this topic. In recent years 
most efforts have been focused on shoi-t-teiiii forecasting using such techniques as neural 
networks. 

Other sources of information 

NERC Load Forecasting Working Group: \v\t'\v.iierc,con~ ~--~pc/lfiv~.litml 

Electric Power Research Institute: ~Y~t i~ t ' .C! ) l . i . co in  

Spatial Electric Load Forecasting by H. Lee Willis, Marcel Dekker, Inc. 
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Table. C.3. Load Forecasting Models 

Model 

~ 

SERVICES 
MANAGER 

EiierPrise Load 
Forecasting 

NOSTRADAMUS 

/MctrixND 
AURORA 
Price Forecasting 

escription 

Time Related Modeling System for 
time series data in a deregulated 
market. 

Comprehensive load analysis, 
modeling, forecasting, and settlement 
software system. 

Prospect load analysis, cost of service 
estimation, bid pricing. 
DSM project valuation and planning. 

Short to mid-tenii load forecasts for 
scheduling resources, comniunicating 
commitments with an ISO, and 
planning energy purcliases/sales. 

A neural network-based short-term 
demand and price forecasting system 

Forecasting techniques, such as neural 
networks, multivariate regression, 
ARIMA and exponential smoothing. 

Electric market forecasting tool that 
captures dynamics and economics of 
energy markets. Short and long-term 
forecasts I 

Company 

Economic Sciences 
Corporation 
www , e co 11s c i .con! 

New Energy - Siemens 
W\?il?i. 1Icwcnc1’~assoc .COll? 

Itron 
www . it roil. coin 

EPIS 
www .epis. corn 

- 
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.3. integrated Sys 
Integrated system plaiiiiiiig is about fiiidiiig the right mix of supply and demand side 
resources that provide low cost and reliable electricity service, while also minimizing 
risks. This is iiiuch like the integrated resource platiiiiiig that was done by utilities before 
deregulation. The goals are similar but the available coiiiponents have changed 
somewhat. 

Table. C.4. Integrated System Planning Models 

Model 

Electric Generation 
Expaiisioii System 
(EGEAS) 

PowerBase Suite 

EiierPrise Capacity 
Expaiisi on 

AURORA 

PLEXOS for Power 
Systems 

Energy 2020 

Description 

L,east cost capacity expansion 
analysis. 

Power supply aiid traiisiiiissioii 
planning with market aiid risk 
analysis. 

Screening aiid evaluation of 
generation capacity expansion, 
traiismissioii upgrades, strategic 
retirement, aiid other resource 
alternatives. It is an economic 
optimization model that considers 
resource expalision investments and 
external market transactions. 

Price forecasting, portfolio analysis, 
capacity expaiisioii, risk aiid 
uncertainty analysis. 

Operational issues such as scheduliiig 
power, optimized unit coininitment, 
transaction and risk evaluation, power 
station valuation, market analysis, 
transmission analysis. 

The ENERGY 2020 model is an 
integrated multi-region energy model 
that provides complete aiid detailed 
all-fuel demand aiid supply sector 
simulations. 

Company 

Electric Power Research 
Institute 

Global Energy Decisioiis 
w\vw. % I  obalencrg y. con1 

EPIS 
LV w w . epi s . coin 

Plexos 
\Nww .PI eXOSSO luti 011s .GO111 

ww w .e11ergy2020.org 

Synapse Energy Economics - Portfolio Management Tools Page C-5 

http://e11ergy2020.org


Exhibit-WS-2 

anagi ri ces o n t r acts 
An important aspect of poi-tfolio iiiaiiageiiieiit is organizing and inaiiagiiig market aiid 
contract iiifonnatioii. 

Some of the types of products that could be iiioiiitored with software tools include: 

S’7otpurchases involve paying market price 011 the day that the commodity is needed. 
Spot market pricing can be quite volatile, but requires no coiniiiitiiieiits. Spot 
market reliance protects against both falling deinaiid aiid falling prices, but exposes 
the portfolio to risks from rising demand or prices. 

For*ward contracts: agreements between buyers and suppliers to trade a specific 
amount of a coiriiiiodity at a pre-agreed upon price at a given tiiiie or t i i i~es .~  
Payment is on the delivery date. Forward contracts avoid exposure to spot market 
volatility, but accept the risk that market prices may fall, that the counter-party may 
default, and that demand iiiay fall. 

for a comiiiitmeiit from the supplier to reserve a cei-taiii quantity of the good for the 
buyer at a pre-negotiated price called the “strike price.” The cost of the option may 
increase the total price compared to the price (offered at that time) of a long-teiin 
contract, but one does not need to commit to buyiiig a specific quantity. Typically, 
the option is exercised only when the spot price (on the date of need) exceeds the 
strike price of the option. This type of option contract is luiowii as a “call” option; a 
similar option contract that gives tlie buyer the right to sell a certain quantity of the 
good to the seller (of the option) at a pre-negotiated price is knowii as a “put” 
option. 

for can differ based 011 a fonnula, but by no more than a given percentage 
deteiinined upon signing the contract. Flexibility contracts are equivaleiit to a 
coiiibiiiatioii of a long-term contract plus an option coiitract. (Sinichi-Leve 2002) 

Each of these product types offers a different type aiid degree of pricing and flexibility. 
The goal of portfolio management inay be thought of as finding the optiiiial trade-off 
between price and flexibility through an appropriate inix of low price-low flexibility 
(long-term contracts,) reasonable price but better flexibility (option contracts) or 
unknown price and supply but no coiiiinitineiit (the spot market.) Varying durations as 
well as contract types can help create an even inix. The role of software for managing 
contracts aiid options is to monitor (perhaps on a daily basis) the cost and riskiness of the 
inventory of such products and to analyze purchases aiid sales that might improve the 

Option contract: tlie buyer prepays a (relatively) siiiall optiori.fee up front in retuni 

Flexibility contracts: like a forward contract, but the amount to be delivered and paid 

The term or time period of a forward contract can be of whatever length the parties choose. It often 
begins sometime in the future. For example, power contract can be for one month, one year or for the 
life of a generator aiid may start immediately on signature, the next month, or one or more years into the 
fiiture. Forward contracts for less than one year are often called “short-term” contracts. To be “long” in 
a futures contract means that one has the obligation to buy at a later date, thus coining out ahead if the 
asset price goes up. To be “short” in a futures contract means that one has an obligation to sell at a later 
date, thus coming out ahead if the asset price goes down. 

Synapse Energy Economics - Portfolio Management Tools Page C-6 



Exhibit-WS-2 

Epsilon & 
Entegrate 

ICTS Symphony 

GasBuy er 

trade off^ If a portfolio includes short positions or options, frequent analysis is needed to 
choose the best time to fill shoi-t positions or to exercise options (if at all). 

Many vendors offer applications for this purpose. Table C.5 lists a few fairly widely used 
in the energy sector. Note also that this category also overlaps some with the risk 
nianagement tools in the next section. 

Table C.S. Software for Forward Price and Contract Management 

Application for trading, risk 
management and operatioiis needs in 
various coiniiiodity markets. 

Integrated risk management, trading 
and physical comniodities scheduling 
system. 

Coiiiprehensive transaction 
maiiageineiit system to capture, 
manage, track and process all over- 
the-counter and exchange traded 
ins truinents. 

Price analysis and decision support 
tool used for purchasing and hedging 
natural gas. 

Model I Description 
~~ 

Booldiuiiner Analysis for various transaction types 
and all energy commodities iiicluding 
oil, natural gas, and electricity. 

Edur 

Company 

Risk Advisory 
w ww . ri sltadvi sow. coiu 

Trade Capture 
w\v\v. t l ac1  CCLlP ture . COl1-I 

Planalytics Inc. 
www. plana1 ytics.com 

C.5. Risk Analysis 
In this category are applications focusing on various aspects of risk. The short-term 
products look at the more quantifiable risks associated with htures contracts and energy 
markets. A few of the more utility focused tools try to represent in some way the longer 
term risks. But that is conceptually a more difficult task since there is much greater 
uncertainty. For longer-tenn analysis, a scenario-based approach is most comnionly used, 
but the challenge always is to make those scenarios diverse enough to capture a 
reasonable range of possibilities. 
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Table C.6. Software for Risk Management 

Model 

RISKMIN 

Planning and Risk 

Monaco 

Predict ! 

Kiodex Risk 
Workbench 

NWPCC 
Portfolio Model 

Description 

Least cost capacity expansion 
analysis. 

Portfolio nianageiiient to analyze, 
report, and actively manage assets, 
including power plants, customer 
loads, fuels and contractual positions. 

~ 

Deal capture, advanced risk analytics, 
mu1 ti -commodi ty portfolio 
managenient, real-time credit 
monitoring and analysis. 

Database application for recording 
and managing risks, oppoi-tunities, 
issues and mitigation strategies 

Comiiiodity risk nianageiiient 
software. 

An Excel based model that calculates 
energy and costs associated with 
meeting regional requirements for 
electricity. The model evaluates the 
cost and risk relationships for a 
number of a1 t emat i v e s . 

Company 

Electric Power Research 
Institute MX~W. cp ri . c o 111 

Global Energy Decisions 
L V W W  I g1o ba 1 crier g\/ 1 co1n 

New Energy - Siemens 
LV w w . 11 ewe1 1 ergya s soc . c 0117 

~~ 

Risk Decisions 
wwn-.ri slidccis i 011s. coin 

Suiigard Kiodex 
w w w . s u ~ 9 1  d . c o in/ k i o dex _I_____. - 

Northwest Power and 
Conservation Council 
y ww . iiw co t i  t i  c il . o rg 

C.6. Selecting software: 

C.6.1. Selection issues 

When selecting software, it is iniportant first to prioritize the objectives and then to 
evaluate the available options in that context. 

0 

0 

Objectives: How well the software meets the designated needs of the user. 

Involvement: The ultimate users of the software need to be closely involved in its 
selection and committed to its use. 

0 Transparency: Are iiiodeling iiiethods and algorithms well docuniented and 
visible to users and regulators? 

Software Characteristics: 

' Some of these criteria are from Marchetti, Anne, Beyond Sarbanes-Oxley Compliance: Effective 
Enterprise Risk Management, John Wiley & Sons, 200.5. 
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o Moiiitoriiig capabilities 
o Facilitation aiid documentation of risk assessment, testing, and reinediatioii 
o Built-in version controls 
o Security aiid access controls 
o Electroiiic sign-off functionality 
o Audit trail docuineiitatioii and traceability 
o Ability to customize input fields, reports, and templates 

Iiiipleiiieiitatioii Costs: software, liceiisitig fees, hardware requirements, 
impleiiieiitatioii time, training costs, custoinizatioii effoits/coiisultiiig. 

Repoi-tiiig Capabilities: Are the model results available in reports and formats that 
are easily used and understood? 

Flexibility: How easily caii the software be applied to meet new needs? 

Support: Does the vendor provide training, fix problems, and update the software 
as needs change? 

C.6.2. Non-Software Cost Considerations 

e 

e 

0 

Staffing Costs 

When iiiipleineiitiiig software systems for poitfolio management, the biggest cost may 
very well be labor and training costs for staff using the software. Portfolio management 
presents a trio of staffing requireinelits: information technology demands; ability to 
understand and apply complex ecoiioiiiic, statistical, and financial concepts relating to 
risk inaiiageiiient; and understanding any specialized characteristics relating to the 
electric industry. That last category is quite broad, encompassing, for example, power 
supply needs, specialized energy products aiid markets, ISO/RTO requirements, aiid 
utility cost recovery or ratemaking. Careful attention to budgeting for staff, staff training 
(and regular update training), and startup time will be critical. 

Hardware Costs 

Our experience is that complex models severely task even high elid coiiiputer hardware. 
Iiivestineiits in the fastest computers and largest storage devices available are likely to 
result in considerable labor savings aiid faster, inore responsive answers to modeling 
questions. Attention should be paid to backup hardware, as well; large capacity RAID 
storage devices with hot-swappable drives for off-site backup appear to be the most cost 
effective solution at this tiiiie for high voluine data storage. For team use, network 
attached storage and high speed networking are helpful. The costs for these items are 
very small compared to the labor and software expenses, but shortchanging them can 
waste considerable staff time and put critical work at risk. 

111 suiiiinary, regulators considering PM or IRP software acquisition, whether for their 
own use or by utilities that they oversee, should focus on the prioritized goals and be 
aware that the largest expense is likely to be for the personnel to properly use the 
software. 
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Input Data and Forecasts 

Forecasts of 

e customer load, 
price elasticity, 

e resource availability, 
e fuel costs, 
e resource costs, 
e risk premiums, 
* fuel price volatility, 
* reliability requirements and 

0 environinental policies aiid 
policies, 

costs. 
Energy and fiiel price forecasts 
and market fiitures 

Load requirements 

Short term load forecasts 
Resource and transmission 
availability 
Fuel and energy prices 
Environniental conditions 

Capacity Expansion 
Models 

Optimization Models 
Electric Generation 
Expansion System 
(EGEAS) 

e EnerPrise Capacity 
Expansion 

Screeiiing/scenario/risk 
analysis models 

PowerBase Suite 
m AURORA 
0 RISKMIN 

Procurement and 
Scheduling Models 
(No Capacity Expansion) 

PLEXOS for Power 
Systems 

BookRuiiner 
Edur 
Epsilon & Entegrate 
ICTS Symphony 
Planniiig and Risk 
Monaco 
Predict ! 
Kiodex Risk Workbench 
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Perhaps the most com~iio~ily used family of risk measure in portfolio management is 
Value at Risk and related measures discussed in Section 3 of this report. Others that have 
been used and which iiiay be of value are summarized in Table 3.1 and explained further 
here. All depend 011 development of probability distributions for the cost of the portfolio. 

COEFFICIENT OF VARIATION (CV)-This measure is the ratio of the distribution's standard 
deviation to its mean. It is one way to measure risk relative to return, or in this case, 
variation in price relative to mean price, measured over a defined period. Tolerance bands 
can be established around CV. 

BETA-Beta is a measure of the systeiiiatic risk of a single instrument or an entire 
portfolio and describes the sensitivity of an instrument or portfolio to broad market 
movements. A portfolio with a large beta will teiid to benefit or suffer from broad market 
iiioves more strongly than the market overall, while one with a siiiall beta will swing less 
violently than the broad market. It is defined as the ratio of the portfolio's covariance with 
the market divided by the market's variance or Covariance (portfolio, market) / Variance 
(market). Beta is used to measure volatility of stock returns relative to an index like S&P 
500 returns, and one could consider measuring volatility of a resource portfolio's cost 
relative to volatility of spot market prices. However, it must be remembered that beta 
does iiot capture specific risk (the riskiness of the portfolio itself, irrespective of niarket 
risk). A portfolio can have a low beta but still be very volatile if its variations are simply 
iiot correlated with those of the market. 

EXTREME VALUE MEASURES-We use this term as a catch-all for a variety of 
conceptually straightforward measures of portfolio riskiness. In general, this type of 
measure is the difference in cost between a portfolio's expected cost and some estimate of 
its worst-case cost. For example, Northwest Energy and the NPCC measure portfolio 
riskiness by the difference between its expected cost and average of the worst 10% of its 
cost's probability distribution. 

VALUE AT RISK (VAR)-A traditional approach for quantifying risk of investment 
portfolios.2 VaR measures the downside risk of a portfolio. It is always calculated in the 
context of a risk level and a planning horizon. In the case of an electricity resource 
portfolio, VaR would be a iiieasure of the dollar cost increase that has a certain 
probability (the selected risk level) of occurring over a certain time period (the selected 
planning horizon). For example, a regulator might be interested in the VaR of a proposed 
resource portfolio over a one year planning horizon at the 99% risk level. That VaR 
would tell us the amount of extra cost that would have a 1% chance of occurring over the 
next year. Or, a VaR at the 90% risk level for a ten year planning horizon would tell us 
the amount of extra cost that portfolio has a 10% chance of incurring over the next ten 

' NorthWestern Energy 200.5 Electric Defbzilt S~ippylj' Re,soiii,ce Prociireiiient Plan, available at 
Iittp://www.inontanaenergyforurn.corn/plan.html 

Hai-ry M. Markowitz, "Portfolio selection," .Joiirna/ qf'Fi17m7ce, 7( l), 77-9 1, 1952. 

-- 
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years. TJtilities iii California coinpare poi-tfolios using this type of metric and variations 
on it.3 

REVENUE AT RISK (RAR)-Related to VaR, RaR coiisiders a firm that needs a resource to 
produce a product over the next year. If the cost of that resource increases draiiiatically 
and the finn caiinot pass on that cost increase to its customers, say because the price had 
already been agreed upon, then the net revenues could take a big hit. Because of the cost 
uncertainty of that resource, they have Revenue at Risk (RaR). This finii might want to 
study the historical price volatility of the resource in question. Suppose this examination 
of history shows that the one-year 10% RaR is equal to the iiiaximuiii aiiiouiit of extra 
resource cost that the manufacturer can afford to pay without severe damage to its 
finances, it might choose to purchase a (long) forward contract for all its anticipated 
resource need for the next year at today’s futures price, giving up possible extra profit 
that would be earned if the comniodity price drops, but eliminating that 10% chance of 
grave damage. Alteiiiatively, the finn might purchase a call option for its resource needs 
with a strike price that leaves it in the black. The purchase price for that option would be 
the “insurance preiiiiuiii” for elimiiiatiiig this risk. 

COMPONENT VALUE AT RISK - This measures the marginal contribution to value at risk 
of each element within the overall portfolio. For a utility’s pui-poses, this could mean tlie 
risk that each additional coal plant, for example, adds to environmental regulation risks. 
This approach caii be especially valuable as a way to provide insight into the risk analysis 
analogue of avoided cost analysis. 

STRESS EXPOSURES - While value at risk might tell a coiiipaiiy how much they could 
lose under the kind of random market fluctuatioiis that make up the broad history of their 
industry, stress tests help a company understand the larger risks they may also face. (This 
type of analysis iiiust take into accouiit volatility and correlation spikes.) In general, there 
are two approaches used. First, one caii test the portfolio relative to shocks that have been 
observed historically and see how the portfolio being considered might fare under a 
similar shock. The second approach is to brainstorm extreme scenarios and test their 
affect on the portfolio. The problem with these approaches is that history is unlikely to 
repeat itself exactly, and nobody can predict the fiture. Nonetheless, stress testing allows 
the portfolio manager to better understand how much loss might occur during a 
catastrophic event. It could be especially informative if there are certain large events 
identified that may or may not occur. An example of a stress exposure would be to test 
the expected cost and riskiness of various strategies with aiid without iinplerneiitatioii of a 
proposed market refoiiii or with aiid without implementation of COz emission limits. 

LJQUIDATION VALUE AT RISK - One question many companies wish to answer is the 
total potential loss that could occur if an asset had to be liquidated. For instance, a utility 
might try to deteiiiiine what would happen if it were forced to retire an old coal plant. 

MARGIN AT RISK - This measure helps companies understand what margin requirements 
they may need to provide due to margining agreements. This is important for cash flow 
niaiiagemeiit . 

CPUC Energy Division, JVorkskiop Repor/ 011 J/nliie a/ Risk, Cash-Flo~t~ a /  Risk, arid Other Measiires o j  3 

Portfolio Risk Julie 6 ,  2003. 
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CREDIT VAL,UE AT RISK - A firm’s potential credit exposure 011 individual transactions is 
the cost of coinplying with changes to the ainouiit of credit security the firm must supply 
to creditors. This can be affected by individual transactions or by external coiiditioiis that 
affect the credit obligatioiis of the firm as determined by its total portfolio. For example, 
long-teiiii contracts that utilities enter can be viewed as liabilities on their books. A credit 
value at risk calculation can be done to deteiiiiiiie how different traiisactions might affect 
the utility’s retuiii 011 equity, for instance. 

ENTERPRISE-WIDE RISK MEASURES - This is a measure that appropriately aggregates 
market, credit, regulatory and operatioiial risk for the firm as a whole. Entei-prise risk 
management seeks a balance amongst the various risk components. 

COSTS AT RISK - This measures the probability that a portfolio’s costs will go up or dowii 
by certain amounts over certain time periods. It is of particular interest from a consumer 
protection perspective. 

RATES AT RISK - This iiieasures the potential change in the retail customer’s rates as a 
result of how exteiiial fluctuations affect the cost of generation supply poi-tfolio as a 
whole. This measure, too, is of pai-ticular interest from a coiisuiiier protection perspective. 
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