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a PPL company 

Jeff DeRouen, Executive Director 
Public Seivice Commission of Kentucky 
2 11 Sower Boulevard 
P. O. Box 615 
Franltfoi-t, Kentucky 40602 

September 23,201 1 

RE: In tlze Matter ofi Tlte Applicntiorz of Louisville Gns nrzd Electric 
Compnrzy for Certificates of Public Corzverzierzce and Necessity nrzd 
Approvnl of Its 2011 Conzplinrzce Plnrz for Recovery by Envirorznzerztnl 
Surcharge - Case No. 2011-00162 

Dear Mr. DeRouen: 

P~nsuant to the Commission's Order dated September 16, 201 1 in the above- 
referenced matter, with this letter Louisville Gas and Electric Company 
(L,G&E) is filing one (1) original in paper format of the attachments to LG&E's 
response to the Metro Housing Coalition's (MHC) First Set of Requests, 
Question No. 6 dated July 12, 201 1, previously provided in electronic forinat on 
July 25,2011. 

Should you have any questions regarding the enclosed, please contact me at 
your convenience. 

Sincerely, n 

Robert M. Conroy u 

PUBLlL SEt3'JlCE 
COMMISSION 

Louisville Gas and 
Electric Company 
State Regulation and Rates 
220 West Main Street 
P.O. Box 32010 
Louisville, Kentucky 40232 
www.lne-ku.com 

Robert M. Conroy 
Director - Rates 
T 502-627-3324 
F 502-627-3213 
robert.conroy@lge-ku.com 

cc: Parties of Record (wlo attacl~ments) 

http://www.lne-ku.com
mailto:bert.conroy@lge-ku.com
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LOUISVILL,E GAS AND ELECTRIC COMPANY 

Response to MHC First Set of Requests Dated July 12,2011 

Case No. 2011-00162 

Question No. 6 

Witness: Lonnie E. Bellar / John N. Voyles, Jr. / Charles R. Schram 

Q-6. In the Staff Report on the 2008 Integrated Resource Plan for LG&E and KU, 
Commission Case No. 2008-00148, Staff noted on p. 14 that: "LG&E and ICU 
demonstrated that they are actively considering the potential effects of pending climate 
change legislation even though there is a lot of uncertainty regarding exact legislative 
requirements. They should continue to actively model and incorporate the potential 
effects of climate change legislation into future IRP filings." That same Report noted on 
p. 12 that "[tlhe eventual realization of some form of [stricter limits on the emission of 
C02 and other greenhouse gasses (sic)] could have major impacts on LG&E and KU and 
their customers." 

(a) Please provide any assessment or analysis conducted or contracted by L,G&E that 
discusses or quantifies the range of costs, and range of options to respond to 
additional controls that would be required by various climate change bills that have 
been proposed in Congress during the last two legislative sessions, including the 
House-passed bill from last Congressioilal Session. 

(b) Please provide the results of any modeling or projection conducted by or for LG&E 
with respect to the potential costs of compliance with climate change legislation or 
EPA regulatio~~. 

(c) Please provide any comparative assessment undertaken of the costs of various 
demand-side, energy efficiency, or renewable energy sources relative to installatioil 
of co~ltrols on the LG&E units, with the cost of controls on emissions of C 0 2  
incorporated into the controls. 

(d) Please explain, to the extent that such an assessment has not been undertaken, how 
the costs proposed to be incurred for compliance with current and proposed 
rulemakings are prudent, in light of the aclcnowledgineilt by PSC Staff of the major 
effect that stricter limits could have on the existing generation capacity. 

A-6. a. Please see the response to KPSC Question No. 2. Over the past several years, the 
Companies have been monitoring the various climate change bills proposed in 
legislation and evaluating the potential irnpact of such climate change legislation and 
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BeIlarNoyleslSchram 

EPA regulations. Please see the various reports and commuliication material 
provided on the CD in the folder labeled Question 6. 

b. Please see the response to pal? a. 

c. No additional demand side management or energy efficiency analyses are available. 
In the 201 1 IRP filing, the Companies evaluated various renewable energy optiol~s as 
part of the supply side screening process. 

d. Potential COz regulations could take many forms, but the EPA has indicated by the 
"Tailoring Rule" that it will impose a BACT approach. It is unclear if, or when, 
colnlnercially viable and scalable technologies will become available which could 
impose additional costs on fossil fueled generation fleets. 

The Companies agree with the KPSC 2008 IRP report that stricter limits on the 
emission of COz could have major impacts on LG&E/KTJ and our customers; 
however, currently it is unclear as to what the impact would be on individual 
generating units on our system. The regulations that are the subject of this filing are 
lmown and provide very little flexibility, generally requiring retrofits for cor~tinued 
operation of individual units. Thus, the Companies must cornply with the regulations 
discussed in the Application for the 201 1 Environmental Compliance Plan. These 
regulations take effect as early as 2012 and the Conipany is obligated to comply while 
providi~ig reliable electricity in a least-cost manner. 





proposed EPA regu ations w 
ncrease cost of coa -fired e 

201 1 KA M Energy Summit 
April 20, 201 1 



utilities and their customers. 

New Air Regulations 

New Coal Combustion Residual and Water 
Regulations 



- Mercury, Arsenic, Selen~um - Compliance by 2016 or 2017 
- Acid aerosols 

Clean Air Transport Rule (CATR) 
- Plant-by-plant controls 

- Regional air pollution effects 
- Possible compliance dates of 2012 

- Compliance by 2015 or 2016 

and 2014. CO, Best Available Control 
Technology (BACT) 
- Permits for new or modified 

sources beginning Jan. 2011 
required BACT analysis 

- Greenhouse gas new source 
standards; proposal by July 2011 
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final rule * Water quality (1974 C 

Water Act) 

- Water Withdrawal proposed 
rule released March 28; expect 
final rule July 2012 

- Water Discharges draft rule 
expected mid 2012 with fina 
rules by 2013, then compliance 



Source: Effingham County Power, LLC 

a Progress Energy Company 



Capita Operating 
Regulation Expense 

Air 

CCR To be determined 

Water To be determined 

PPL companies 



more than 20% and almost $550 mi lion annually 

Rate Impact of proposed EPA regulations 

30.0% I 

Residential 

Note: This calculation does not include potential compliance costs for water regulations, 

Renewal Portfolio Standards (RPS) or carbon dioxide (CO,) reductions PPL companies 



Regulation 

CATR 138M 

HAPS-MACT $ 3 3 8 ~ - $ 8 4 6 M  

CCR $237M 

Water To be determined 

Incremental Operating Expenses a r e  yet  to b e  determined 



Note: This calculation includes capital costs but does not include incremental 
operating expenses, potential compliance costs for water regulations or carbon 
dioxide ( C 0 2 )  reductions. 



Regulation 

CATR 

HAPS $20-30M 

CCR $644M 

Water $40-70M 

EAST KENTUCKY POWER CWPERATIVE 



These costs come in ada~tion to hundreds of 
millions already spent on compliance in recent 
years: 

In recent years, EKPC already has spent more than 
ion on new p ants featuring c ean-coa 
gy and to retrofit existing p ants to meet 

more-stringent standards. 

The EPA regs currently pending cou d cost an 
additional $700 mil ion and cause rates to rise by 
more than 20 percent. 

EAST KENTUCKY POWER CWPEWATlVE 



Regulation Expense ($M 

Air $800 - 1,200 $40 - 60 

CCR $300 - 400 $.4 - -5 

Water Not applicable 

The cost to comply with CCR m d  
Transport will be a 30 - 40% 

rate increase. 

A unif of American EIectric Power 



Participating in industry efforts to advocate more 
reasonable regulations and time 

Communicating our concerns direct y with on 
proposed regulations. 

Educating elected officials, regulators and customers 
on the effect of the federal regulations wi have on 
their electric bill. 





PPL companies 

New/proposed EPA regulations wi 
increase cost o coal-f ired electricity 

LG&E And KU Future Plans 



New air regulations 

Notional Ambient Air Quality 

- Ground level air monitors across the 
state 

- Compliance by 2076 or 2077 

- Regional air pollution effects 
- Possible compliance dates o f  

2072 and 2074. 
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aximum Achievable Control 
Technology 
Hazardous Air Pollutants 

- Mercury, Arsenic, Selenium 
- Acid aerosols 
- Final rule expected Nov. 2071 
- Compliance by 2075 or 2076 CO, Best Available Control 

Technology C 
- Permits for new or modified sources 

beginning Jan. 2077 required BACT 
analysis 

- Greenhouse gas new source 
standards; proposal by July 2017 

PPL companies 



and water regulations 

Coal Combustion Residuals 

- Hazardous or Non-hazardous 
- Wet ponds must have liners or 

convert to dry storage 
- Final rule expected in 2072 
- Compliance within 5 years of Water qua 972 Clean 

final rule Water Act) 
- Water Withdrawalproposed 

rule released March 28; expect 
final rule July 2072 

- Water Discharges draft rule 
expected mid 2072 with final 
rules by 2073, then compliance 

PPL companies 



of SO, and NO, control technologies.. . 
rn rn rn but some additions or enhancements wi be required. 

FGDs in Coal Fleet SCRs in Coal Fleet 

None- 

PPL companies 



FGDs with high 
removal efficiency 
- $5,000 to  $77,000 per ton 

removed 
- Capital Costs o f  $300M to  

$700M each 

PPL companies 



NO, technology options for NAA S CATR 

PPL companies 



HAP technology options for MACT ru 

c Filter particulate controls with carbon injection for high 
mercury and particulate removal efficiencies 
- Capital Costs of  $50M to  $775M each 
- $750,000 to $450,000 per pound of mercury removed 

PPL companies 



Proposed EPA CCR regs would require 
dry storage & closing existing ash ponds 

Retrofit or close 21 ponds 
- 70 ash ponds 
- 71 process/runoff ponds 

Build landfills for future storage 

Construct new process water 
ponds for each operating site 

Decommissioning ponds will cost 
an estimated $700 million 

PPL companies 



Increased water withdrawal 
and discharge requirements 

Cooling Water Withdrawal 
- Units without cooling towers 

Cane Run 
Green River 
Mil l Creek 1 
Tyrone 

- All stations have intake structures 

New water discharges standards 
(effluent guidelines) 
- Physical-chemical treatment 
- Biological treatment systems 
- Cost of  $40 - $300 million for each 

site 

PPL companies 



retire coal and switch to gas 

Natural Gas Combined Cycle 
units 
- Zero SO, and 50% less NOx 

emissions 
- Capital costs of  $600M to  

$800M each 

Source: Effingham County Power, L LC 
a Progress Energy Company 

PPL companies 



LG&E and KU estimate approximately $4 billion 
in capital costs needed over next ten years 

Capita Operating 
Regulation ($MI Expense 

Air $3,300 $150 - 300 

CCR $700 To be determined 

Water To be determined To be determined 

Note: This calculation does not include potential compliance costs for water 
regulations, Renewal Portfolio Standards (RPS) or carbon dioxide (CO,) reductions 

PPL companies 



PPL companies 

Environmen al Regulations 
e Environmenta 

Cost Recovery (ECR) Filing 



2010-11 Engineering Activities & Studies 

Control equipment studies for a stations 

Mill Creek scrubber (FGD) Performance lmprovemen t 
study & structural review 

Precipitator (ESP) upgrade study 

Flow modeling studies for widening the operating range 
for unit equipped with selective cata 
controls 

E. We Brown study of a smaller ash pond, with de 
conversion to a landfill 

PPL companies 



- Installing controls at Cane Run, Green River and Tyrone not cost 

- Fabric Filter Bughouses needed for mercury control 

- Construct new FGD/chimney for Mill Creek Units 7 & 2 
- Construct new FGD/chimney on Mill Creek Unit 4 

- Upgrade existing operations for units with SCR to improve 
utilization 

CCR 
- Convert ash pond project at Brown to a landfill 

PPL companies 



Air Compliance Costs 

Total company capital costs estimated at $2.5 billion 
- KU approximately $7.7 billion 
- LG&E approximately $7.4 billion 

Projected rate impacts 
- KU estimated at 72.2% by 2076 
- LG&E estimated at 79.2% by 2076 

Replacement Energy" 
Actions on Cane Run, Green River and Tyrone forthcoming 
- Estimated cost of up to $800 million 
- KU estimated additional 2% 
- LG&E estimated additional 5% 

* The Replacement Energy and the $700 million associated with CCR regulations are not 
included in this ECR filing 

PPL companies 



Retirements and New Gas Generat 

Environmenta regulations result in 800 M W of retirements 
at Ccrne Run, Green River m d  Tyrone in 2016 

Represents 73% of today's LG&E/KU coal fleet 
Reduces coal burn by 2.0 million tons annually 

Expect replacement energy to come from natura 
sources by 2016 to meet 875 M W reserve margin deficit 

Coal wil l  still provide -90% of  energy in 2076 (compared to  97% currently) 

PPL companies 



(Intermediate Load 

Generation Cost 
cjkwh Cost Comparison- 50% CF 
80 

Solar' 

"Reflects cost of additional capacity required to meet a 50% capacity factor 

5/19/2011 18 

PPL companies 



New generation decisions subject to market a ternatives 
compared to se equest For Proposa 

was issued late last yea 

decisions require further study and regu 
approva 

Expect to make a decision in July, in 
with the KPSC later in the Yd quarter 

PPL companies 



Risks for Delivering the Plans 

Schedule - completion by 2016 

Major equipment lead times 

Equipment availability for fans and electrica motors 

Shop fabrication space 

Engineering and construction labor availab 

Cost escalations 

PPL companies 



PPL companies 



Acronyms - BACT (Best Available Control 
Technology) - CATR (Clean Air Transport Rule) - CCGT(Combined Cycle Combustion 
Turbine) 
CCR (Coal Combustion Residuals) 
CPCN (Certificate of Public 
Convenience and Necessity) 
ECR (Environmental Cost Recovery) - EPA (Environmental Protection 
Agency) 
ESP (Electrostatic Precipitator) 

- FGD (Flue Gas Desulfurization) - HA Ps (Hazardous Air Pollutants) 
IGCC (Integrated Gasification 
Combined Cycle) - KPSC (Kentucky Public Service 
Commission) - MACT(MaximumAvailable Control 
Technology) 
NAAQS (National Ambient Air 
Quality Standards) 
RFP (Request for Proposal) 
SCR (Selective Catalytic Reduction) 

PPL companies 







Renewable Energy 

Transmission Grid 

Carbon Legislation or EPA Regu 

Efficient Use of Electricity 



The power to save. It's in your hands. The amount of electricity you consumed during this billing cycle resulted In the 
production of approximately 2350 pounds of C02. 

You can reduce the impact of these emissions by joining our Demand Conservation program, which allows you to help us 
reduce the need for generating electricity at peak times. Visit our website at www.eon-us.com or call 1-866-356-5467 
for more information or to sign up today. 

To request a copy of your rate schedule, please call (502) 589-1444. 



CO, emissions: 100 f i mes larger issue than SO,/NOx 

- Sources: U.S. DOE Energy Information Administration for historic emissions and generation. U.S. EPA for future SO, and 
NOx state budgets. In-house projections of generation and CO, based on 1.5% annual growth. 2007 data. 4 - -- 



PROJECTED ELECTRIC DEMAND BY LG&E/KU CUSTOMERS 

- KL~,, :- SOURCE: 2008 Integrated Resource Plan 



95% OFTHE ELECTRICIWYOU USE COMES FROM COAL-FIRED POWER PLANTS 
W h  

2@@9 a l l  8013 2Q18 1;.2011T 9Q14 P f U l  2023 ZQ26 

Renewables 

Natural GasIHydro 

Coal 

SOURCE: 2008 Integrated Resource Plan 



Renewable Portfolio Standards (RPS) should be 
Coal 

considered in the context of national or 
regional greenhouse gas restrictions. Natural Gas 

Hydro 

Renewables 

Currently Zero Renewables 

Under 2020 Federal Proposals 

Note: Existing hydro does not count to ward renewable mandates. 



Annual availability equivalent 
up to 40 percent of 
continuous maximum 
capability 

Many legal/regulatory entities 
involved with different 
missions - recreation, 
transportation, nature 
preserves 

Low operating cost - "no 
fuel" 

Most hydro locations are 
already being used 



Wind 

Geothermal 

SOURCES: Dept. o f  Energy 

- @#:- %&*,a 
National Renewable Energy Laboratory mm 0 

- - 



Biomass Governor's Biomass Task Force 

Meet RPS requirements with 
"in-state" resources 

Co-fire biomass with coa 

15 million tons of biomass 
combustion for 12% RPS 

Supply infrastructure and 
sustaina bi 

SOURCES: Dept. of Energy 
National Renewable Energy Laboratory 



Nuclear plants currently licensed to operate 
SOURCE: Nuclear Regulatory Commission 

Enormous investment of 
time and money 

Critical that there be a 
strong public and 
political consensus 

Disposal still an issue 

Nuclear is a potential 
long-term solution for 
Kentucky 



One of the most widely-used 
fuels for electrical generation 
- 90% availability 

50% of U.S. power produced 
today 

95% of Ky. power produced 
today 

One of the largest fixed-source 
A 

G S F  producers of CO, 

SOURCE: Dept. of Energy 

Relatively low transportation 
costs (river barge) 



What's inwlwd.. .. 

"Bury" the problem 

Deep underground wells - 
depleted oil fields 

* Significant investments in 
new technology, pumping 
systems 

* Promising option, but no 
large-scale commercial 
application yet 

"NUMBY" 

- :- 
\arO SOURCE: FutureGen Alliance 

- 



Transmission grid system needed to support new 
renewable power development 

- K i  SOURCE: Dept. of Energy 
%@, National Renewable Energy Laboratory - - 



y crafted, comprehensive ation is a more 
effective option for controlling greenhouse gas emissions 

Utilize low threshold levels for applicable entities 
Establish a significant number of non-attainment areas 
Regulate an extreme y high-vo 
commercial control technology available 



Generation Costs 
ajkwh 

CO, sources Non-CO, sources 



Passed House on June 26,2009. 

Mandates a 17 percent reduction in greenhouse gases by 2020 and 83 

percent by 2050 from 2005 levels. 
Senate did not advance similar bi 
Current form contains elements that are a step in the right direction. 
Copenhagen commitments were based on the House bill targets. 

To further mitigate costs to our customers, additional elements E.ON U.S. 
would like to see included in the bill are: 

Modified near- and mid-term greenhouse gas reduction targets and 
timetables. 

usion of a price "ceiling" on emission allowance costs. 
Extension of the phase-out period for the allocation of a ~ ~ ~ a n c e s ~  
Preempt inappropriate EPA regulation under the CAA . 



I 

Percent rate impact of carbon tax and renewable energy 
requirements on E.ON U.S. customer bills 

45 / I 1 

I 

2012 2020 2012 1 2020 2012 1 2020 
I 
I Residential Industrial Cornme rcial 

CO, cost Renevmbl es & Efficiency cost 

Percentage increases calculated using 2008 rates applied to 2020 projected sales 
- 

- -- C02 allowance is calculated at $20 a ton, allocation methodology is 41% purchase in 2012.53% purchase in 2020 
1 -  Assumes utilities meet the CERES target entirely through purchase of Alternative Compliance Payments (ACPs) =- - set in the bill at 2.5 cents per KWH in 2010 (and subsequently indexed). 

18 - 



What it wouM tcrk.. . 

EFFECT OF AGGRESSIVE ENERGY-EFFICIENCY PROGRAM 15+% reduction in demand 

nprecedented consumer 
itment to energy 

ncy 

ommitment to "smart grid" 

Less coal in total generation 
mix, less exposure to  carbon 
tax, but high cost of 
purchased or developed 
renewable power sources 

Renewables 

Natural Gas/Hydro 

Coal 

SOURCE: 2008 Integrated Resource Plan 



E.ON U.S. is investing more than $25 mil ion in energy efficiency 
programs annually - a t  least $182 mil ion over the ife of the 
program 

Examples: 
- Enhanced energy audits 
- Commercial rebates 
- Residential lighting 

Expected to reduce the need for additional generation by more 
than 500 megawatts 

Conserve Energy During Heavy Demand 
- Load control program: partnership with customers that a 

us to cycle off AC units during peak demand 
- Smart meter pilot program: helps customers manage their 

usage 



Understand that rising energy costs will be a way of life for years to come 
- consider everything you do with that in mind 

Make major, sustained commitment to energy efficiency 

E.ON U.S. - to address issues of carbon capture and sequestration with 
help of policy-makers 

E.ON U.S. - share information and work constructively with policy-makers 



Insist on a thorough evaluation of cost 

Allow technology to catch up 

Demand an equitable allocation 
of carbon credits 

Be efficient - seek incentives 
for efficiencies 

"To build may have to be the slow and laborious task of years. 
To destroy can be the thoughtless act of a single day. " 

- Winston Churchill 







Carbon Tax (or Cap and Trade) 

Transmission Grid 

Efficient Use of  Electricity 



The power to save. It's in your hands. The amount of electricity you consumed during this billing cycle resulted in the 
production of approximately 

You can reduce the impact of these emissions by joining our Demand Conservation program, which allows you to help us 
reduce the need for generating electricity at peak times. Visit our website at www.eon-us.com or call 
for more information or to sign up today. 

To request a copy of your rate schedule, please call (502) 589-1444. 



CO, emissions: 100 f imes larger issue than SO,/NOx 

Sources: U.S. DOE Energy Information Administration for historic emissions and generation. U.S. EPA for future SO, and 
NOx state budgets. In-house projections of generation and CO, based on 1.5% annual growth. 2007 data. 4 



PROJECTED ELECTRIC DEMAND BY LG&E/KU CUSTOMERS 

B 4 -. SOURCE: 2008 integrated Resource Plan 



95% OF THE ELECTRICIWYOU USE COMES FROM COAL-FIRED POWER PLANTS 

TIM? 

Renewables 

Natural GasIHydro 

Coal 

rated Resource Plan 



Currently Zero Renewables 

Coal 

Natural Gas 

Under 2020 Federal Proposals 

Hydro 

Renewables 

Note: Existing hydro does not count toward renewable mandates. 



Annual availability equivalent up 
to 40 percent of continuous 
maximum capability 

Many legal/regulatory entities 
involved with different missions 
- recreation, transportation, 
nature preserves 

Low operating cost - "no fuel" 

Most hydro locations are already 
being used 



Wind Solar 

SOURCES: Dept. of Energy 
National Renewable Energy Laboratory 



Biomass Geothermal 

SOURCES: Dept. of Energy 
National Renewable Energy Laboratory 



Nuclear plants currently licensed to operate 
SOURCE: Nuclear Regulatory Commission 

Zero-carbon option 

Enormous investment of 
time and money 

Critical that there be a 
strong public and political 
consensus 

Disposal still an issue 

Nuclear currently prohibited 
in Ky. 



SOURCE: Dept. of Energy 

One of the most widely-used fuels 
for electrical generation -90% 
availability 

50% of U.S. power produced today 

95% of Ky. power produced today 

One of the largest fixed-source 
producers of CO, 

Relatively low transportation 
costs (river barge) 



@ Soil-gas monitoring 
w 

@ Drinking water monitoring 
Pressure monitoring 
Monitoring well above primary seal 

@ In-zone monitoring 
@ Few plugged wells 

CO, from Generating 
.r Facility 

What's involved.. .. 

"Bury" the problem 

Deep underground wells - 
depleted oil fields 

Significant investments in new 
technology, pumping systems 

Promising option, but no large- 
scale commercial application 
Yet 

"NUMB Yff 

1. 

SOURCE: FutureGen Alliance 



"Costs" of transmission. . . 

Current grid is stretched - 
would require major new 
construction at large capital cost 

Risks of over-reliance on single 
high way (Can adian blackout) 

Developmen t/approval time 

Transmission grid system needed to support new 
l renewable power development 

SOURCE: Dept. of Energy 
National Renewable Energy Laboratory 



Federal proposal to "sell" a110 wances to CO, producers 



Generation Costs 
$/kwh 

CO, sources Non-CO, sources 



Passed House on June 26,2009. 
Mandates a 77 percent reduction in greenhouse gases by 2020 and 83 

percent by 2050 from 2005 levels. 
Moves to  Senate for vote later this year. 
Current form contains elements that are a step in the right direction. 

To further mitigate costs to  our customers, additional elements E.ON U.S. 
would like to see included in the bill are: 

Modified near- and mid-term greenhouse gas reduction targets and 
timetables. 
inclusion of a price "ceiling" on emission allowance costs. 
Extension of the phase-out period for the allocation of  allowmces. 



Percent rate impact of carbon tax and renewable energy 
requirements on EON U.S. customer bills 

I 

Residential Industrial Co mmerciai 

CO, cost a Renewables & Efficiency cost 

Percentage increases calculated using 2008 rates applied to 2020 projected sales 
C02 allowance is calculated a t  $20 a ton, allocation methodology is 41% purchase in 2012,53% purchase in 2020 

- '{. Assumes utilities meet the CERES target entirely through purchase of Alternative Compliance Payments (ACPs) 

p--- -- . 
set in  the bill a t  2.5 cents per KWH in  2010 (and subsequently indexed). 18 

.- pp _____________----. _ _ _ _ _ .  



What i t  would take.. . 

75+% reduction in demand EFIFEn OF AGGRESSIVE ENER 

1 precedented consumer 
/ commitment to energy 

e fiicien cy 

Commitment to "smart grid" 

Less coal in total generation 
mix, less exposure to carbon 
tax, but high cost of purchased 
or developed renewable power 

"% 

&3$? # SOURCE: 2008 Integrated Resource Plan 



E.ON US. is investing more than $25 million in energy efficiency programs 
annually - at least $182 million over the life of the program 

Examples: 
-- Enhanced energy audits 
-- Commercial rebates 
-- Residential lighting 

Expected to reduce the need for additional generation by more than 500 

megawatts 

Conserve Energy During Heavy Demand 
-- Load control program - partnership with customers that allows 

us to cycle off AC units during peak demand 
-- Smart meter pilot program -helps customers manage their usage 



Understand that rising energy costs will be a way of life for years to come - 
consider everything you do with that in mind 

Make major, sustained commitment to energy efficiency 

EON U.S. - to address issues of carbon capture and secluestration with help 
of policy-makers 

EON U.S. - share information and work constructively with policy-makers 



Insist on a thorough evaluation of  cost 

Allow technology to catch up 

Demand an equitable allocation 
of  carbon credits 

Be efficient - seek incentives 
for efficiencies 

"To build may have to be the slow and laborious task of  years. 

To destroy can be the thoughtless act of  a single dayoff 

- Winston Churchill 







CO, emissions: 100 f imes larger issue than SO,/NOx 

Sources: U.S. DOE Energy Information Administration for historic emissions and generation. U.S. EPA for future SO, and 
NOx state budgets. In-house projections of generation and CO, based on 1.5% annual growth. 2 



Wind Solar 

SOURCES: Dept. of Energy 
National Renewable Energy Laboratory 



One of the most efficient fuels 

SOURCE: Dept. of Energy 

for electrical generation - 
90% availability 

50% of U.S. power produced today 

95% of Ky. power produced today 

One of the largest fixed-source 
producers of CO, 

Relatively low transportation 
costs (river barge) 



Transmission grid system needed to support new 
renewable power development 

SOURCE: Dept. of Energy 
National Renewable Energy Laboratory 



Production 
@ / h t  

30 

Costs 
7 

CO, s o u r c e s  Non-CO, s o u r c e s  



Percent rate impact of carbon tax and renewable energy 
requirements on E.ON U.S. customer bills 

1 Residential 1 Industrial 1 Commercial ! 
s CO, cost s Renewables & Efficiency cost 

Percentage increases calculated using 2008 rates applied to 2020 projected sales 
C02 allowance is calculated at $20 a ton, allocation methodology is 41% purchase in 2012, 53% purchase in 2020 1 

Assumes utilities meet the CERES target entirely through purchase of Alternative Compliance Payments (ACPs) set 
in the bill at 2.5q per KWH in 2010 (and subsequently indexed) 7 



Insist on an honest evaluation of cost 

Allow technology to  catch up 

Demand a fair allocation 
of  carbon credits 

Be efficient - seek incentives 
for efficiencies 

"To build may have to be the slow and laborious task of  years. To destroy can 
be the thoughtless act of  a single day." 

- Winston Churchill 







Background: possible Federa 

In Sept 2008, House Democrats released a 290-page energy bill that  contains a section 
titled "Federal Renewable Electricity Standard" wi th these targets .... 

Calendar years 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
201 9 
2020 and thereafter 

Required Annual % 
2.75% 
2.75% 
3.75% 
4.50% 
5.50% 
6.50% 
7.50% 
8.25% 

10.25% 
12.25% 

15y0 



Environmental Expansion Plcrn goals and assumptions 

- First meet annual RPS requirements - gradually increasing to 75% in 2020 
Energy sales are based on 2008 BAU case with lower sales forecast 

Purchase and sale of Renewable Energy Certificates (REC) is allowed 

Regulatory and environmental approvals will be timely 

Expansion plan is not optimized 

@ Then meet a CO, emission cap of 23 million tons by2020 
Nuclear generation will not be available to E.ON by 2020 

CCS will not be in large scale commercial operation by 2020 

Replacement of 7500 M W of coal generation with NGCC is back loaded 

Intermediate CO, targets could accelerate coal retirements 

Allowance purchase may be possible to delay retirements 

The cost of a110 wances will base load NGCC generation 

Assumes transmission and natural gas will be available 



Renewable capacity additions to meet 15% RPS target 

MW (installed) - cumulative MW (firm) - cumulative 

0 r N  LD 

N N N N N N N N N N N  

Solar 

Ohio Falls 

Biomass 

Wind 

Ohlo Falls 

Biomass 

I3 Wind 

Unit Capacity Wind LFG Biomass PV Solar Conc. Solar Ohio Falls 
Installed MW 100 10 25 1 20 40 
Firm MW 8 10 25 1 15 20 
Capacity Factor Oh 28% 90% 90% 14% 14% 49% 



Incremental energy from renewable resources 

Generation by source (GWh) 

6,000 

5,000 

4,000 El Solar 

Ohio Falls 

3,000 Biomss 

2,000 Wind 

1,000 

- 
0 -C- N Co d- LD a b 03 0, 0 

T T -C- T T T T T T T N 
0 0 0 0 0 0 0 0 0 0 0 
N N N N N N N N N N N 



Actions to meet a 15% RPS" 

Add 7700 M W of wind generation power purchase agreements 
Average addition of over 700 MW per year from 2070 to 2020 

Transmission across MIS0 and/or PJM required 

Upgrades to MISO, PJM and EON transmission system likely 

Add 700+M W of self-build wind in Kentucky in mid decade 
EON C& R identified a potential project in Bell County 

Add 40 M W of landfill gas generation 
20 MW identified with Republic 

Currently E. ON'S "least-cost green generation option If 

" Note that many - particularly Federal - RPS proposals accept "energy efficiency savings" as a compliance 
mechanism, and therefore it may not be necessary to meet the target through supply-side investments alone. 

February 20.2009 
6 



Actions to meet cr 15% RPS (continued) 

Add 775 M W of biomass capacity at surviving coal plants 
Seven 25 MW units between 2074 and 2020 

Will require the creation of a biomass fuels industry 

Add 40 M W of capacity to Ohio Falls 
FERC license modification required 

Significant archeological issues to be resolved 

Add 7 M W of PV solar per year between 2077 and 2020 
Highest unsubsidized cost of green generation 

Add 20 M W (60 M W total) of concentrating solar to each new NGCC plant 
Only large scale applications exist in desert regions 

February 20.2009 
7 



Additions actions required to meet 23 mi 

CO, emissions still exceed cap even after adding renewables capacity to 
meet 75% RPS standard 

CO, emissions total -36 M tons in 2070 

Renewables reduce CO, to -32 M tons by 2020, still 9 M tons over cap 

Replacing 500 M W of coal generation with NGCC saves -2.6 M TPY 
First NGCC in 2078 replaces: 

Green River 3 & 4, Tyrone 3, Brown 7, and Cane Run 4 

Second NGCC in 2079 replaces: 

Cane Run 5 & 6, and Brown 2 

Third NGCC in 2020 replaces Brown 3 

New NGCC will likely be located near retired coal units to utilize existing 
transmission; assumes natural gas supply available 

February 20,2009 
8 



Capacity retirements/additions to meet 23M ton C02 ccrp 
(in addition to renewable resource additions) 



Estimated capital cost of the Environment0 Expansion 

Capital investments of ~$5.4 billion between 2070 & 2020 
$2.4 billion in renewables capacity ($0.9 solar, $0.9 biomass, $0.3 wind, $0.3 

hydro) 

$2.9 billion in CCCT 

Peak investment of over $1.3 billion in 2017 

Capital investment is for generation only ( excludes transmission 
impro vemen ts) 

Multiple small projects will require significant headcoun t additions to 
develop, permit, engineer, construct and operate 

February 20.2009 
70 



capital investment (Environments Expansion 
($ million) 

Renewables 

r. m z : g : : g g 5 ; g 5 ;  0 3 

N N N N N N N N N N  

Q Solar 

Ohlo Falls 

Biomass 

I LFG 

I Wlnd (self-build 
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Rate impact of Environmental Expansion Plan 

If E.ON U.S. is mandated to comply with a 75% RPS target and to reduce CO, 

emissions to a 23M ton cap by 2020, the cost - measured in terms of the lifetime 

incremental capital and operating costs associated with meeting these targets - will 

total just under $8 billion in PV terms 

However, it can be assumed that in the absence of such mandatory compliance the 

Utilities would be operating under a CO, "cap-and-tradeff regime. Assuming CO, 

emissions pricing in line with the 2008 LTP (reference case) projection - rising from 

-$15/ton in 2013 to over $80/ton by 2030 - the value of the CO, emissions reduction 

over the lifetime of the new renewable and CCCT assets is -$6.7 billion in PV terms 

February 20.2009 
72 





1. Executive Summary 
The Ellvirolllnental Protection Agency (EPA) is considering significant new e~lviro~llnental regulations in 
the coming years. The timing and content of these regulatiolls codd have a significant impact on the way 
E.ON U.S. operates its generation fleet and trans~nission assets. The graph below shows the possible 
titneline for enviroll~ne~~tal regulatory req~~irements for the utility industry: 

Beginning SO, Primary 

Annual SO, Cap 
Deiisiiiig N O ~ C ~ ~  
Rule vacated CAlR after final rule 

(ground water Replacement Rule 
t monitoring, double 

monitors, closure, 

To evaluate the potential impacts of these regulations, a scenario team developed and analyzed the 
followirig three scenarios: 

1 . EPA Regulatio~ls 
2. RPS Colnpro~nise 
3. CO, Intensity Cap 

All three scenarios considered the impact of Ozone, SO,/NO,, CAIR, PM2 5, and HgIHAPS regulations, 
by requiring updated environmental controls on all coal ii~lits by 2016. These controls pote~rtially include 
selective catalytic reduction (SCR), selective non-catalytic reductio~l (SNCR), flue gas desulf~trization 
(FGD), mercury (Hg) re~noval systems, SO3 mitigation, fabric filters, andlor electrostatic precipitators. 
To address the potential CO, regulations, the EPA Regulations sce~lario included a requirement for 
illcreased turbine efficiency by 201 6, which was met with dense pack turbine i~pgrades on all large coal 
units. The RPS Co~npro~nise scenario does not include explicit CO, regulation, but requires a Renewable 
POI-tfolio Sta~ldard (RPS) consistent with the Waxman-Markey bill beginning in 201 2. The CO, Intensity 
Cap scenario limits the metric ton~les of CO, per MWh generated in 2020 and beyond, consistent with tlie 
CO, caps proposed by Wax~natl-Markey. 



The table below suln~narizes the impacts in each scenario to tlle E.ON U.S. generation fleet. In all 
scenarios, (a) the Tyrone and Cane Run units are retired in 2016 arid replaced by a co~nbined cycle unit 
(at the Cane Run site) and (b) the Green River units are retired in 2020. Clearly, the COz Intensity Cap 
scenario has the largest impact to the existing fleet. 

The table below shows t l~e  net present value of revenue reqi~ireinents as well as capital expendittires over 
the LTP period (20 10-20 19) for each of the three scenarios: 

CO, Intensity Cap 
2016: Retire CWTY3 (634 MW) 

EPA Regulations 
2016: Retire CWTY3 (634 MW) 
2016: New CCCT (640 MW) 
2020: Retire GR3&4 (163 MW) 
2020: New SCCT (190 MW) 

NPVRR ($B) C a ~ i t a l  ($B) 
EPA Regulations 24.2 7.3 
RPS Compromise 26.2 10.8 
C02 Intensity Cap 30.0 10.3 

RPS Compromise 
2016: Retire CWTY3 (634 MW) 

Tile C 0 2  h~tensity Cap scenario has the highest net present value of revenue requirements; however, the 
RPS Colnprornise scenario I~as the l~ighest capital expenditures. 

2016: New CCCT (640 MW) 
2020: Retire GR3&4 (163 MW) 
By 2020: New Wind (1,270 
MW) and Biomass (190 MW) 

2. Scenario Assumptions 
The scenario team considered the impact over the next 10 years of potential EPA regulatioils on 
generation and transmission capital plans, operating costs, and fuel costs. The table below provides an 
overview of the key assumptions for each scenario. With inputs from a variety of sources regarding 
capital and operating costs, the scenario tea111 developed an optimal expansion plan for each scenario. 
The evaluation of each scenario is discussed in Inore detail in the followillg sections. 

2016: New CCCT (640 MW) 
2020: Retire GR3&4 (163 MW) 
2020: Retire BR, MC, GH2 
(2,653 MW) 
2020: 4 New CCCT (2,560 MW) 



Inputs Existing LTP EPA Regulations RPS Compromise C02 Intensity Cap 

Hg/HAPS - all units -25MW 4 4 d 

S02/N0, - SO, 100 ppm hourly d 4 4 

CAlR -0.25 Ib SO2; 0.11 Ib NO, 4 4 4 4 

Ozone - 60-70 ppm 4 4 4 

Water - 316(b) J 4 4 

Ash - wet storage limited 4 4 4 

CO, - BACT (efficiency and co-fire) 4 

C02 Cap &Trade 2012 Intensity Cap 2015 

Renewa bl es Alt Cornp Prnts 2012 - No ACP 4 

Renewables Trans. Build 4 4 

Load Forecast LTP (I 4% CAGR 2013-20) LTP $ (W-M Efficiency) $ (W-M Efficiency) - 
Gas Price (Coal @ LTP price) LT P LT P $ $lnitialiy,then LTP 

Wholesale Electricity Price LTP 4' $ 4'lnitially,then LTP 

3. EPA Regulations Scenario 

3.1. Overview 
The EPA Regulations scenario evaluates the impact of stricter air quality, water, and combustion by- 
product standards. Given the ilncertainty that exists regarding whether these standards can be 
implemented on the EPA's proposed timeline, the implementatiol~ of these standards is assumed to be 
delayed by one year to January 201 6. The primary implication of these standards is that existing coal 
units without new FGD and SCR eqriiplnent will either have to be retrofitted with this equipment or 
retired. In this scenario, the Tyrone and Cane RUII units are retired ill 2016 and replaced by a 
cornbilled cycle unit (at the Cane Ri~n site). The Greell River units are retired in 2020 and replaced 
by a simple cycle combustion turbine. More details regarding this scenario are included in the 
following sections. 

3.2. Assumptions 

3.2.1. Retirements 
Tyrone 3 and Cane Run 4-6 were assumed to be retired in 2016 and Green River 3-4 were retired 
in 2020. The scenario team assumed tlze company would be able to reach an agreement with the 
EPA to allow Green River 3-4 to operate through 201 9. If this doesn't happen, Green River 3-4 
wo~ild also have to be retired in 2016. The retirement cost was assumed to be $2 Million (2010 $) 
per unit. The chart below shows potential Fixed O&M (FOM) savings for retired units: 



20 12 $M/vr 
Brown 1 
Brown 2 
Cane Run 4 
Cane Run 5 
Cane Run 6 
Green Rives 3 
Green Rives 4 
Tyrone 3 

3.2.2. Capital Savings 
The chart below shows the capital savings for the EPA Regulations scenario. These savings are 
driven by unit retirements and include costs related to scheduled maintenance, major 
replace~nents (precipitators, stator and generator rewind), and landfills. 

CapitalSavines($M) 2014 2010 2011 2012 2013 2015 2016 2017 2018 2019 

Tyrone 3 0 0 0 0 0 0 (2) (2) (2) (2) 
Cane Run 4-6 0 0 0 0 (0) ( 6 )  (28) (20) (24) (25) 

3.2.3. New SCRsISNCRs 
In order to co~nply with stricter air quality standards, SCRs would need to be installed on Ghent 2 
and Mill Creek 1-2 by 2016 at an average cost of $400/kW and all SCRs would be required to 
operate year-roiund. Also, if SCRs are installed at Mill Creek 1-2, the electrostatic precipitators 
would need to be replaced at a cost of approxi~nately $2SM per unit. This cost was not included 
in the analysis. 

Installing SCRs on Brown 1-2 would be very costly ($670/1<W), so SNCRs were evaluated as an 
option. Colnpared to an SCR, capital for an SNCR is less ($82/kW) because there is no catalyst; 
however, variable O&M is higher because more reagents are required in the process. Also, a11 
SNCR has a removal rate of approxi~nately SO%, compared to around 90% for an SCR. Because 
of the lower NO, elnission rate, some uncertainty exists regarding whether SNCRs will meet NO, 
elnission limits at Brown 1-2. 

3.2.4. FGD Upgrades 
In the EPA Regulations scenario, the FGDs at Mill Creek are updated to meet the Inore stringent 
air quality standards in 2016 at an average cost of $100/kW. If Cane Run was not retired, its 
FGDs would have to be replaced in 201 6 at an average cost of $260/kW. 

3.2.5. Mercury Removal 
For the units not retired in 2016 or 2020, Hg removal systems would need to be installed in 2016. 
This cost includes new systems for adding Hg-controlling reagents as well as new precipitators at 
Ghent 1, 3-4, Mill Creek 1-4, and Cane RLIII 4-6. 

3.2.6. C 0 2  Efficiency 
Dense pack turbine upgrades were assu~ned to be the Best Available Control Technology (BACT) 
for C 0 2  emissions. The following units received dense pack turbine upgrades in 2016: Brown 3, 
Gllent 1-4, Trirnble County 1, and Mill Creek 4. A 3% increase in ~ n a x i ~ n u ~ n  capacity was 
applied to units with the dense pack turbine upgrades to capture the impact of increased 
efficiency. The other s~naller units not retired in 2016 or 2020 were assumed to be retrofitted to 
co-fire biornass (prorated capital based on $14  nill lion for 500 MW retrofit). 



3.2.7. Expansion Plan Options 
The table below shows unit characteristics for the three expansion plan options considered - 3x1 
Colnbined Cycle Comb~lstion Turbine (3x1 CCCT), 2x1 Cornbilled Cycle Combustion Turbine 
(2x1 CCCT), and Simple Cycle Combustion Turbine (SCCT). 

3x1 CCCT 
Max Capacity MW 900 
Capital Cost $/kW 957 
Capital Spend Profile % 614214319 
Fixed O&M $lkW-yr 3 6 
Variable O&M $lMWh 5 
Net Heat Rate mmBT1JIMWh 7 
EFOR YiIYear 5 

2x1 CCCT 
640 

1,136 
6/42/4319 

5 1 
5 
7 
5 

3.2.8. Transmission 
For new units, the capital cost for electric tra~~slnission to a greenfield site was assluned to be 
10% of the new unit capital construction expenditures. When a new illlit replaced an existing unit 
(and electric transmission for the existing unit's capacity was already in place), a prorated a~noutlt 
of transmissioil capital was assulned to account for any differences in capacity between the new 
and existing unit. Also, translnission costs were added at sites where units were retired and not 
replaced. 

3.2.9. Commodity Prices 
After 2016, the EPA Regulations scenario assumes generating units are required to co~nply 
physically with SOZ and NO, standards. As a rest~lt, SOZ and NO, allowance prices are consistent 
with the LTP 11ntil 2016 and then fall to zero. COZ allowance prices were assumed to be zero 
tl~roughout the period, since colnpliance with the new regtdatiol~ will be achieved through dellse 
pack upgrades (BACT), eliminating the market for COz allowances. 

Electricity prices were updated to reflect the followillg changes - relative to 2010 MTP 
assulnptiolls - in electricity markets: retirement of coal plants without SCRs or FGDs startillg 
allnost ilnlnediately (increase), no COZ cap and trade (decrease, particularly off-peak), no federal 
RPS (decrease), 3% heat rate i~nprovelnent on coal units not retired for dense pack upgrades 
(decrease). 

Coal and gas prices are consistent with 2010 MTP. 

3.2.10. Potential Costs Not Considered 
The followillg additional costs were not considered: 

Impact of effli~ellt guidelilles for water 
Cooling water intake struct~ure regulations 
Coal Co~nbustion By-Product Management regulations 
Elnissioll colltrols on existing or futi~re CCCTs or SCCTs 

3.3. Key Uncertainties 
The first key u~lcertainty in this scenario was whether to retire or illstall emission controls at Cane 
Run 4-6 a11dlor Brown 1-2. Based on the assulned capital and operating costs of each option, retiring 
Cane Run 4-6 (in 2016) and installing emission controls at Brown 1-2 was determined to be the 
optimal soli~tion. The second uncertainty pertained to the type of unit to illstall in 2020 to replace 
Green River 3-4. Four options were considered: simple cycle co~nbustion turbine, 2x1 colnbined 



cycle unit, 3x1 combined cycle unit, or HRSG retrofits at Tri~nble Coilnty co~nbustion turbines. All 
Tri~nble County CTs were originally designed wit11 the option to add HRSG retrofits at each of the 
three pairs of CTs, resulting in the potential for three 2x1 CCCTs. 

3.4. Case Development and Analysis 
The analysis of the EPA Regulations scenario was completed in two phases. In the first phase, four 
cases were analyzed to deter~ni~ie whether to retire or install emission controls at Cane Run 4-6 and/or 
Brown 1-2. These cases are summarized below. 

BOCO: Retire BRI-2 and CR4-6 in 201 6 
BOCI: Retire BRI -2 in 2016 and install emission controls at CR4-6 

o BICO: Install emission controls at BR1-2 and retire CR4-6 in 2016 
BI Cl  : Install e~nission controls at BR1-2 and CR4-6 

Based on a11 analysis of revenue requirements, installing emission controls at BRI-2 and retiring 
CR4-6 was determined to be the least-cost option. To justify the cost of emission controls at Cane 
RUII, Cane Run would have to operate beyond 2030. Since - at most, due to landfill limitations - 
Cane Run can't operate beyond 2030, installing emission controls at Cane Run is not a plausible 
opt io~~.  

The EPA Regillations scenario assillnes the colnpany will be able to reach an agreement with the EPA 
to allow Green River 3-4 to operate through 2019. The second phase of the analysis was developed to 
determine whether - if the cornpany could reach a similar agreement for Brown 1-2 - to retire Brown 
1-2 in 2020 or install e~nission controls in 2016. In addition, this phase deter~nined the optimal type 
of unit to install in 2020 to replace Green River 3-4. This phase of the analysis inclildes six cases, 
which are summarized below: 

BO: Retire BR1-2 in 2020, replace with 2x1 or 3x1 CCCT 
BOSC: Retire BRI -2 in 2020, replace with SCCT 
BOTC: Retire BRl-2 in 2020, replace with HRSG retrofit at TC CTs 
B1: Install SCRs, Hg removal, etc on BRI-2 in 2016, add 2x1 or 3x1 CCCT in 2020 
BI SC: Install SCRs, Hg removal, etc on BRl-2 in 2016, add SCCT in 2020 

o BITC: Install SCRs, Hg removal, etc on BR1-2 in 2016, add HRSG retrofit at TC CTs in 
2020 

The following table sl~ows retirements and replacements at each affected site: 

BO I BOSC BOTC 
Retire Replace 
2016 2x1 CCCI 
2020 XM Fix 
2016 NA 
2020 SCCT 

BlSC B1TC 

3.5. Results 
Tile total net present valiie of revenue require~nents for each case in the second phase of the analysis 
is listed below: 



NPVRR ($ Billion) 
BO 24.5 1 
BOSC 24.53 
BOTC 24.81 

24.33 
b m m e n d e d  24.22 
BlTC 24.77 

The case with the lowest net present value of revenue requirements, and therefore the recornmended 
case, was Case BISC, in which additional elnissiolls coiltrols (including SNCRs, Hg removal, and 
biomass co-firing) were illstalled on Brown 1-2 in 2016, and a simple cycle combustion turbine was 
illstalled at Green River in 2020. The expansion plan for the recolnlnended case was developed to 
meet energy requirements and a 14% reserve margin, and is shown below: 

2020 2021 2022 2023 2029 2036 2038 
2x1 CCCT SCCT(2) SCCT SCCT 2x1 CCCT 3x1 CCCT SCCT SCCT 

The components of the net present value of revenue requirements and the LTP capital expenditure 
plan for the recolnlnended case are s~imrnarized below: 

NPVRR ($ Billion) 
Production Cost 
New Unit Capital 
Transmission Capital 
Capital Savings 
SCRS (GH2, MC1-2) 
SNCRS (BR I -2) 
FGD Upgrades (MCl -4) 

Hg Removal 
C02  Efficiency 
Other 
Total 

LTP Capex ($M) $ 5,975 

SCRs (G2, MCI, MC2) $394 
SNCRs (Bl ,  B2) 22 
Incremental FGD Upgrades (MC1-4) 78 
Hg Removal 508 
C 0 2  Efficiency 146 

1,148 
2020 SCCT; $180 
202 1 SCCT 59 
Incremental Cost CCCT 122 
20 1 6 CCCT XM Savings (63) 
Cane Run work not performed (169) 
Tyrone work not performed (7) 
Retirement Costs 8 

130 
Total $ 7,253 

'kThe transmission cost (approximately $3 million) Tor the 
2020 SCCT at Green River was not included. 

3.6. Consistencies with EEI Report 
011 February 1 1,201 0, the EEI produced a report that evaluated the j~npact of envirol~mental 
regulatiolls 011 U.S. coal plants, reliability, and emissions. The conclusions from the analysis of the 
EPA Regulations scenario are consister~t with the c o ~ ~ c l u s i o ~ ~ s  from the EEI report. In particular, 

For regions with high proportions of coal generation, EPA regulatiolls will likely resdt in 
significant deterioration in regional reliability and reserve margins. 



e Investments for SOz, NO,, & HAPS controls may ultilnately become obsolete due to 
aggressive COz requirements. 
Use of natural gas will increase as CCCTs replace rapid unit retirements; later retirements 
offer a better chance of replacelnent wit11 a more balanced energy portfolio. 

3.7. Perspectives on Interstate Natural Gas Pipeline Utilization 
e In June 2009 the Rockies Express Pipeline (REX) announced service to the Lebanon Hub in 

Ol~io, and in November the pipeline was placed into fill1 in-service to the Clarington Hub in 
Mollroe County, OH (see Figiire 1). 
CERA has estimated that REX will displace gas flowing from t l~e  Gulf Coast to the Northeast 
by up to 1.8 billion cubic feet (Bcf) per day, increasing gas-on-gas competition in the 
Southeast, and intensifying downward pressure on the Henry Hub gas price. 
According to the EIA, the tl~ree largest pipelines delivering into tlle Northeast have a 
combined capacity of 22.5 Bcf per day: the Transcontinental Gas Pipeline Company system 
with 8.5 Bcf per day, the Tennessee Gas Pipeline Company wit11 6.7 Bcf per day, and tile 
Texas Eastern Transmission Company with 7.3 Bcf per day. In 2009, average daily gas 
demand across t l~e  entire United States was -63 Bcf, with around one-quarter of this in the 
NE 1 Mid Atlantic. 

e While CERA expects E X  to continue exert pressure to compress price spreads between 
different regions, that irnpact will be less noticeable under current market conditions with soft 
Henry Hub gas prices. 

e CERA expects deliveries into Natural Gas Pipeline Company of America's southeast 
mainline and into Tninkline will displace gas flowing from East Texas and the Gulf Coast 
respectively, depressing prices in each of these regions. However 11e effects on Mid- 
Continent gas prices and flows will be temporary and are expected to unwind as E X  is 
extended further eastward. Previously flows into the Clarington Hub were primarily from 
Texas Gas Transmission (Texas Gas) along with ANR's southeast mainline and the Texas 
Eastern Transmission Corporation (Texas Eastern) line from East Texas. The co~npletion of 
REX has displaced gas flowing from the Gulf Coast into L,ebanon; flows into this hub are 
estimated to total 2.14 Bcf per day. 

e Figure 2 shows daily scheduled gas and daily capacity data for Texas Gas Translnissio~l over 
the last 3-4 years. A clear increase in capacity is observable from mid-2009 - altllougl~ it is 
not ktlowll whether this is related to the develop~nent of E X  in this period. 

Meeker 
R 
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" Tuscola Lebanon 
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Figure I 
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4. RPS Compromise Scenario 

4.1. Overview 
The RPS Co~npro~nise scenario does not incli~de explicit C 0 2  regulation, but requires a Renewable 
Portfolio Standard (RPS) consistent wit11 the Waxman-Markey bill beginning in 2012. The company 
must meet the RPS with wind, biomass, & energy efficiency while complying with all EPA 
regulations in EPA Regulations scenario (except C02  BACT). Like the EPA Regulations scenario, 
(a) the Tyrone and Cane Run units are retired in 2016 and replaced by a combined cycle unit (at the 
Cane Run site) and (b) the Green River i111its are retired in 2020. In addition, by 2020, 1,270 MW of 
wind capacity and 190 MW of biomass capacity are installed to meet the RPS. More details regarding 
this scenario are included in the following sections. 

4.2.1. Common Assumptions with EPA Regulations Scenario 
Building from the recornlnended case in the EPA Regulations scenario, the following 
assumptions are still applicable: 

Stricter air quality standards, requiring i~lstallation or upgrades of SCRs and FGDs 
HAPS regulation, requiring precipitator upgrades and Hg removal systems 
Retire Tyrone 3 and Cane Run 4-6, install 2x1 CCCT at Cane Ru11 in 2016 
Retire Green River 3-4 in 2020 
Costs and savings associated with retirements 
Expansion plan options 
Install SNCR and Hg removal systems on Brown 1-2 in 201 6 
Install/upgrade SCRs, FGDs, and Hg removal systems in 2016 on all other units not 
retired 
Emission allowance prices 
Coal prices 



4.2.2. RPS Requirements 
The RPS require~nellts were based on the Waxman-Markey bill, which defines renewable energy 
requirelnents and load reduction from energy efficiency programs as shown below: 

Renewable Efficiencv Total 
20 12-20 1.3 3.6% 2.4% 6.0% 
20 14-20 15 5.7% 3.8% 9.5% 
20 16-201 7 7.8% 5.2% 13.0% 
2018-2019 9.9% 6.6% 16.5% 

2020 + 12.0% 8.0% 20.0% 

The plan to meet renewable energy requirelnents consists of retrofitting Ghelit 1-4, Mill Creek 1 - 
4, and Brown 3 to co-fire biomass for 5% of their total heat input in 2012, and building wind 
capacity and necessary transmission in 2014 and beyond. The efficiency requirelnent was 
achieved by reducing hourly load by the applicable percentages. 

4.2.3. Wind and Biomass 
The table below shows cost assumptions for the wind capacity, whicl~ was assumed to be built in 
Northern Illinois or Indiana, and for biomass conversion of existing coal tmits: 

Wind Biomass - - 
Capital Cost $/kW 2100 2120 
Capital Spend Profile % 816 113 1 65/35 
Transmissio~i Capital $/kW 200 
Fixed O&M $/kW-yr 5  0 1.1 
Transmission Charge $/MWh 10 
Fuel Cost $/mmBTU 2 

The capacity factor of the wind generation was assumed to be 3 1 %, and only 15% of the total 
capacity was included in the calculation of reserve margin. 

4.2.4. Transmission 
For new nnits, the capital cost for electric transmission to a greenfield site was assulned to be 
10% of the new unit capital construction expenditures. When a new unit replaced an existing unit 
(and electric transmission for the existing unit's capacity was already in place), a prorated amount 
of transmission capital was assu~ned to account for any differences in capacity between the new 
and existing unit. Also, translnission costs were added at sites where units were retired and not 
replaced. 

4.2.5. Commodity Prices 
E~nissions allowance prices and coal prices were consistent wit11 the EPA Regulations scenario. 
Gas prices and electricity prices were changed to reflect the impact of a Federal RPS on the 
electricity market. 

4.2.6. Potential Costs Not Considered 
As in the EPA Regulations scenario, the following additional costs were not considered: 

* Impact of effluent guidelilies for water 
Cooling water intake structure regulations 

* Coal Combustion By-Product Management regulations 



e SCRs 01.1 existing simple cycle colnbustion turbines 

4.3. Case Development and Analysis 
In the RPS Colnprolnise scenario, additional renewable generation consisted of biomass and wind. 
The following table shows the renewable generation required for this scenario: 

Incremental M W ~JJE 

2012 190 Biomass 
2014 275 Wind 
2016 320 Wind 
2018 34 1 Wind 
2020 ??  

.> .J 5 Wind 

After 2020, wind capacity would grow with load to continually meet the RPS requirement. 

4.4. Results 
In addition to the increlnental renewable capacity, an expansion plan was developed to meet energy 
requirements and a 14% reserve margin, and is showl~ below: 

2029 - 2028 - 2 0 1 6 2 0 2 4 2 0 2 6 -  2031 - 2033 - 2035 - 2037 - 2039 
2xlCCCT SCCT SCCT SCCT SCCT SCCT SCCT SCCT SCCT SCCT 

Tile colnpollents of the net present value of revenue requirements and the LTP capital expendit~lre 
plan for the RPS Colnprolnise scenario are sulnlnarized below: 

NPVRR ($ Billion) 
Production Cost 
New IJnit Capital 
Biomass Capital 
Wind Capital and Transmission 
Other Transmission Capital 
Capital Savings 
SCRS (GH2, MCI -2) 
SNCRS (BRI-2) 
FGD Upgrades (MCI -4) 
Hg Removal 
Production Tax Credit 
Other 
Total 

5. C 0 2  Intensity Cap Scenario 

LTP Capex ($M) $ 5,975 

SCRs (G2, MCI , MC2) $ 394 
SNCRs (B 1, B2) 22 
Incremental FGD Upgrades (MCI-4) 78 
Hg Removal 5 18 

1,012 
Biomass $ 403 
Wind 3,359 
Incremental Cost CCGT 122 
20 1 6 CCCT XM Savings (63) 
Other XM 110 
Cane Run work not performed (1 69) 
Tyrone work not performed (7) 
Retirement Costs 8 

3,763 
Total $10,750 

5.1. Overview 
The C 0 2  Intensity Cap scenario limits the metric tonnes of C02  per MW1 generated in 2020 and 
beyond. The C 0 2  intensity limits are consistent with the COz caps proposed by Waxman-Marltey 



(17% below 2005 levels by 2020). The U.S. average C02  intensity in 2005 was 0.65 tonnesIMWh; 
the 2020 target COz intensity is 0.54 tonneslMWh. The average C 0 2  intensity of E.ON U.S. 
generating units is currently around 0.90 tonl?es/MWh; therefore, drastic changes to the generation 
portfolio are required in this scenario. In this scenario, all coal units are retired except TC1-2 and 
GHI, 3 & 4. The retired capacity is replaced with colnbined cycle combustion turbines and no wind. 
More details regarding this scenario are inclnded in the following sections. 

5.2. Assumptions 

5.2.1. Common Assumptions with EPA Regulations and RPS Compromise Scenarios 
Building from the recoln~nended case in the EPA Regulations scenario and the RPS Colnprolnise 
scenario, the following assuinptions are still applicable: 

o Stricter air quality standards, requiring installation or upgrades of SCRs and FGDs 
o HAPS regulation, requiring precipitator upgrades and Hg removal systelns 

Retire Tyrone 3 and Cane Run 4-6, install 2x1 CCCT at Cane Rnn in 2016 
Retire Green River 3-4 in 2020 
Costs and savings associated wit11 retirements 
Expansion plan options 
Install/upgrade SCRs, FGDs, and Hg removal systems in 2016 on all other units not 
retired 
Load after efficiency adjustment 

o Wind construction and trans~nission capital costs 

5.2.2. Transmission 
Transmission capital in the C 0 2  Intensity Cap scenario was assumed to cost $200/kW of installed 
transmission capacity. In the cases where a new unit replaced an existing unit, the $200/kW cost 
was applied to the absolute difference in unit capacities. A transmission charge of $IO/MWh was 
also included to account for firm point to point transmission. Further~nore, translnission costs 
were added at sites where imits were retired and not replaced. 

5.2.3. Commodity Prices 
Emissions allowance prices and coal prices were consistent wit11 the EPA Regulations and RPS 
Comprolnise scenarios. Gas prices and electricity prices were changed to reflect the impact of a 
COz intensity cap on the electricity market. 

5.2.4. Potential Costs Not Considered 
As in the EPA Regulations scenario, the following additional costs were not considered: 

Impact of effluent guidelines for water 
Cooling water intake structure regulations 
Coal Comb~lstion By-Product Management regulations 
SCRs on existing simple cycle combustion turbines 

5.3. Case Development and Analysis 
A linear program was developed to determine the least-cost combination of coal unit retirements, new 
wind capacity, and new colnbined cycle units to meet the C02  intensity cap in 2020. The program 
determined the least-cost combination of these options while ensuring that enough energy was 
produced to meet load, a 14% reserve margin was maintained, and the COz intensity target was met. 
Because wind contributes relatively little towards a reserve margin calc~ilatio11, the optimal solution 
for meeting the intensity target was to replace retired coal with colnbined cycle units and no wind. 
After this case was developed, two additional cases were developed: RPS Wind and High Wind. 



The RPS Wind case has the same alnount of wind capacity as the RPS Colnprolnise scenario. While 
this case is not least-cost, fewer coal  nits are retired in the RPS Wind case compared to the 
recornmended 'No Wind' case. In the 'High Wind' case, enough additional wind generation is 
installed to avoid retiring one coal unit (Mill Creek 3). The table below sulnlnarizes the coal unit 
retirements, new wind capacity, and new con~bilied cycle units in each of the three wind scenarios. 
The net present value of revenue requirelnents is also included. In all cases, Cane Run 4-6 and 
Tyrone 3 are retired in 2016 and replaced by a combined cycle unit at the Cane Run site. All other 
retirelnents and capacity additions are ass~imed to occiir in 2020. 

High Wind I 2,150 (3 CCCT: IXMC, 30.8 
IxBR, 1 xCR) BR, MC 1,2,4) 

NPVRR 
($B) 

30.0 

RPS Wind 

5.3.1. Modified Capacity Factor 
The results of the linear program were verified using Strategist. In order to meet the COz 
intensity cap and retire as few coal i~nits as possible, the capacity factor in Strategist was adjusted 
so that the CCCTs were dispatched more frequently than was strictly economical. 

No Wind - 
Recommended 

5.4. Results 
The total net present value revenue requirelnent for each case is listed below: 

CCCT 
(M W) 
3,200 

(5 CCCT: 2xMC, 
I xBR, I xGN, 1 xCR) 

2,560 

Wind (MW) 

0 

1,270 

NPVRR ($ Billion) 
I N O  Wind - Recommended 30.0 
RPS Wind 30.7 
High Wind 30.8 

Coal Retired 
(MW) 
-3,450 

(CR, TY, GR, 
BR, MC, GH2) 

-2,966 

The case with the least revenue requirements, and therefore the recolnlnended case, was the No Wind 
case. 

(4 CCCT: 2xMC, 
IxBR, IxCR) 

1,920 

The chart below shows the adjusted capital budget for the C02  Intensity Cap recolnlnended case. The 
savings result from changes to the LTP, including cancelled scl~eduled maintenance, major 
replace~nents (precipitators, stator and generator rewind), landfills, and ash ponds. 

Capital Savings ($M\ - - - - - - - - - -  2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 
Tyrone 3 0 0 0 0 0 0 (2) (2) (2) (2) 
Brow 1-3 0 0 0 0 0 (1 )  (5) (5) (5) (7) 
Cane Run 4-6 0 0 0 0 (0) ( 6 )  (28) (20) (24) (25) 
Ghent 1-4 0 0 0 0 0 0 0 0 (2) (2) 

(CR, TY, GR, 
BR, MC) 

-2,575 

The expansion plan for the recolnlnended case was developed to meet energy requirements and a 14% 
reserve margin, and is shown below: 

30.7 



2022 2024 2025 2027 2029 2031 2033 2034 2036 2038 2020 - 
2x1 CCCT 2x1 CCCT(4) SCCT SCCT SCCT SCCT SCCT SCCT SCCT SCCT SCCT SCCT 

The components of the net present value of revenue requirelnents and the LTP capital expenditure 
plan for the recolntnended case are summarized below: 

NPVRR ($ Billion) 
Production Cost 25.04 
New Unit Capital 5.25 
Transmission Capital 0.1 6 
Capital Savings 0.65 
Hg Relnoval 0.22 
Retirement Expense 0.02 
Total 30.04 

LTP Capex ($M) $ 5,975 

Hg Removal 23 5 
2.35 

2020 CCCT (4) $4,006 
Incremental Cost CCGT 122 
20 16 CCCT XM Savings (61) 
Other XM 228 
Cane Run work not performed (1 69) 
Tyrone work not performed (7) 
Ghent work not performed (4) 
Brown work not performed (22) 

Mill Creek work not performed (54) 
Retirement Costs 8 

4,047 
Total $10,257 

6. Appendices 

6.1. EPA Regulations Scenario Presentation 
6.2. Scenario Update - RPS Compromise and C 0 2  Intensity Scenarios 
6.3. Final Presentation 





EPA Regu ations Scenario 

Assumes extension of compliance timeline 
- Required environmental controls installed by 
- Selected unit retirements delayed until 2020 

Removed 150 MW of industrial load from LTP 

Ei Current municipal contracts (400 MW) remain in place 

Tyrone and Cane Run retired in 2016; Green River in 2020 

640 MW Combined cycle unit replaces Cane Run in 2016 

New capacity in 2020 is scaled to replace Green River and serve load 
growth 

Key Uncertainties 
- Brown 1-2 are retrofitted with less expensive SNCRs instead of SCRs 
- 2020 capacity additions: either a CCCT or simple cycle CTs 

March 10.2010 Page 2 



Why retire Cane Run in 2016? 

Cane Run must operate beyond 2030 to justify additional emission 
controls and other investments 

Future C02 regulations, including potential carbon 
capture/sequestration, are uncertain 

@ CCCT capacity approximates Cane Run (640 MW vs. 560 MW) 

Timeline for permitting, transmission, gas interconnection is expected to 
be streamlined a t  Cane Run site 

March 10.2010 Page 3 



LTP Capex $ 5,975 

SCRs (G2 MCI, MC2) $ 394 
SNCRs (BI, B2) 22 

Incremental FGD Upgrades (MCI-4) 78 
Hg Removal 508 
C02 Efficiency 146 

1,148 

2020 SCCT 
2021 SCCT 
Incremental Cost CCGT 
XM Savings 
Cane Run work not performed 
Tyrone work not performed 
Retirement Costs 

SCR vs SNCR 
Incremental XM 

EPA Reg Alternative 2 
985 

$ 8,238 March 10,2010 Page 4 



Reserve margin purchases are needed a t  end of LTP period 

III Existing EiiSl New BSil RM Purchase -Net Load + Target RM (14%) 

Reserve Margin Surplus/(Need) 572 446 372 357 244 21 8 173 155 (3) (44) (150) (78) 

March 10.2MO Page 5 



Financial Impact Summary 

@ Incremental Capex of $1.3B cads to $1.2B increase in Utility Capitalization 

Become FCF positive in 2016 vs 2014 

EBIT, on average, about $100M/year higher in back half of LTP 

Higher Revenues $42  
Removal of C02 Allowance Costs 238 

Higher Fuel Costs (1 5 6) 
Depreciation (25) 
EBIT $ 9 9  

10 year CAGR for Retail Rates largely unaffected 

March 10.2MO Page 6 



LTP Financia Story - Base vs. EPA Regulation Scenario 
Growth in Utility Capitalization ... ... Improves Cash Flows ... 

rn LTP -.I- EPA Reg Alternative I LTP EPA Reg Alternative I 

... Leads to Increased Earnings ... ... Reduces Holding Company Debt 

-A- EPA Reg Alternative I - EBITDA 

EPA Reg Alternative I - EBlT 

LTP EPA Reg Alternative I 
March 10,2010 Page 7 



Retail Rate Progression ($) 

2012 2013 2014 201 5 201 6 

LTP +EPA Reg Alternative 1 

March 10.2010 Page 8 



EPA Regu ations - Extended Timeline 
Jan-1 3 Jan -16 

Orders Issued for Jui-13 Retire Cane Run 
Jan-1 I CCN & Air Permit; Board Approval and Tyrone 

Start 
CCCT issue POs for SCRlSNCRs on GH2, BR1-2, MC 1-2, 

Development CCCT Components Award Engineering, Procurement, FGD upgrade at MC 
Dec-I I & Construction Contracts System-wide Hg controls and 

CO, efficiency upgrades Jan-20 
File ECR Retire Green River 

I ( I I Plan Emissions Controls 
I 
B Dec-11 Develo~ment 

File CCN 

I 

I 1 Aug-13 
Final Notice 

& Air Permit to Proceed 
+-----"------" '--..-" '--------------- ---------------- ....................... r'-------------- -1- 

I 
I 
! 

1 
! 

SCCT Commercial 2020 Unit 
Operation Development CCCT or SCCT 

1 Commercial Operation 

rule I expected / 
I 

Jan-1 6 
HAPS MACT 
Compliance 

2016 Combined Cycle 

Retirements 

I Emissions Controls / 
64 

NOV-l 1 
Confirm Operation 
at GR until 2020 March 10,2010 Page 9 





Overview of scenarios 

Assumptions 
WPS 

Compromise 
c02 

Bntensiw Cap 
Retire CR,TY 2016 (replace with CCCT); 
Retire GR 2020 

HAPS, SO, and NOx regs require FGDs 
and SCRs on remaining units 
(SNCR on BR1-2") 

No new industrial customer 4 4 4 
LTP coal prices; 
LTP EA prices for SO, and NO, through 
2015; No CO, allowance prices 

Gas/Electricity Prices 
LTP Gas Slightly lower vs. EPA 

Higher Elec. (Efficiency) 

Slightly higher 
vs. EPA 

(CO, requirements & 
rush t o  gas) 

Load Forecast 
(Maintain municipal contracts) LTP 

Lower vs. EPA 
(Efficiency) 

Lower vs. EPA 
(Efficiency) 

RPS Requirement 4 

C02 Intensity Cap 4 

"SNCR may not be sufficient to  meet NO, limits. March 29.2010 Page 2 



New-build cost assumptions 

Bismass Wind 

Capital 

Fixed O&M $ / kw-~ r  1 .I 0 50 34 

Variable O&M $/Mwh 0 10 (XM) 

Fuel Cost $/mmBTU 2 -- Gas 

Production Tax Credit 

a Biomass is 5% cofire and is imited by fuel supply to 190 MW 
Wind is assumed to be company-owned (cost is comparable to purchase) 
15% of wind capacity counts toward reserve margin 
CCCTs require XM capital of $200/kW on building more/less capacity to 
replace retirements 

March 29.2010 Page 3 



RPS Compromise scenario 

Objective: meet RPS with wind, biomass, & energy efficiency while 
complying with all EPA regulations in Extended EPA Regulations scenario 
except CO, BACT. 

Waxman-Markey guidelines for RPS: 20% by 2020 with 40% allowed from 
energy efficiency 

March 29.2WO Page 4 



RPS Compromise plan includes 1,270 M W  of wind capacity 

Annual Impacts to Capaciw 
Effisieeaq Biomass" Wind Retire 

Cum. Total 595 190 1,270 -797 640 

"190 MW of existing capacity is converted to  biomass cofire. Includes provision for landfill gas. 
>.... 

""Compliance by 2012 would likely only be achievable with a wind power purchase. 
March 29.2010 Page 5 



CO, Intensity Cap scenario 

Objective: achieve CO, intensity target of 0.54 tonnesJMWh in 2020 by 
retiring coal and adding CCCTJwind. 

Target is 17% below 2005 national average level. 

Current E.ON U.S. 
New New 

E.OM U.S. Coal Wind 
SCCT CCCT 

Average Units 

CO, Intensity 
-0.9 0.8 - 1.0 0.6 0.4 0 

(M T/M Wh) 

March 29,2010 Page 6 



Least-cost CO, Intensity Cap plan is to retire a except 
TCI-2 and GH1,3,4, replacing with CCCT and no wind 

Annual Impacts to Capacity 

Efficienq Wind Reti re New CCCT 

2018 Ill - - - 

2020 112 - -2,816 2,560 
(4 CCCT: ZxMC, IxBR, 

(GR, BR, MC, GH2) IxGH) 

Cum. Total 595 0 -3,450 3,200 

March 29.2010 Page 7 



Including wind in C02 Intensity scenario results in higher 
revenue requirements 

Wind C C O  CsaB Retired PVRR 

(mw) (MW) (MW) ($B) 
3,200 -3,450 

NO Wind O (5 CCCT 2xMC, (CR,TY, GR, 30.0 
IxBR, IxGH, IxCR) BR, MC, GH2) 

2,560 -2,966 
RPS Wind 1,270 (4 CCCT 2xMC, (CR,TYl GR, 30.7 

IxBR, IxCR) BR, MC) 

1,920 -2,575 
High Wind 2,150 (3 CCCT IXMC, (CR, 7 ~ ,  GR, 30.8 

IxBR, IxCR) BR, MC1,2,4) 

Low contribution to  reserve margin and high capita costs result in 
eliminating wind from generation mix. 
Base PVRR includes emissions allowances costs through study period. 

March 29.2010 Page 8 
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