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Intervenors Natural Resources Defense Council and Sierra Club (collectively, 
“Environmental Groups”) hereby comment on Louisville Gas and Electric Company (“LG&E”) 
and Kentucky TJtilities Company (“IW’) (collectively, “Companies”) 20 1 1 Joint Integrated 
Resource Plan (“IEW”). The Environmental Groups are gladdened that the LRP calls for the 
retirement of the Companies’ aging and dirty Cane Run, Green River, and Tyrone coal-fired 
electric generating units, and for some increase in the demand side management (“DSM’) and 
energy efficiency (“E,”) efforts of the Companies. However, the IRP includes a number of 
flaws that result in the plan failing to set forth the lowest cost approach for the Coinpanies to 
meet their future energy needs. Specific shortcomings in the IRP include. 

A failure to provide a meaningful analysis sensitivity analysis for t,he load growth 
projections; 

Selection of an excessive reserve margin, 

A need to enhance the demand side management programs so as to more fully capture all 
cost-effective means for reducing demand growth; 

Reliance on an unsupported assumption that there will be zero future costs related to 
carbon dioxide (“C02”), rather than evaluating a range of potential C 0 2  costs; 

An inadequate assessment of the full set of capital, environmental, fuel, and operating 
and maintenance costs facing the Companies aging coal-fired electric generating units; 
and 

Failure to factor in and account for uncertainty in energy planning. 

A thorough and well-reasoned IRP is especially important now as it is a critical time for 
the Companies. A number of the Companies’ coal-fired electric generating units have reached or 
exceeded their expected service lives, raising the need for major capital investments if such units 
are to continue to operate. In addition, existing and expected environmental standards will 



finally require the Companies (and utilities throughout the country) to either install pollution 
controls on coal units or to retire such units Technological advances and changes in market 
conditions have made a larger suite of both supply- and demand-side options available for the 
Companies to satisfy their customers’ needs And growing awareness of the economic, public 
health, and environmental impacts of energy production have increased the importance of the 
pursuit of energy efficiency and renewable energy resources from both a cost and environineiital 
perspective In short, the Companies face a new reality involving a growing set of costs to its 
existing generation fleet, an expanding set of options for how to service its customers, and an 
increasingly complex set of factors relevant to identifjring the lowest cost mix of supply- and 
demand-side resources for meetings its customers’ needs. The Environmental Groups present 
these comments on the IW in the spirit of helping the Companies and the Commission pursue a 
clean energy future that benefits the ratepayers’ pocketbooks and the health of all Kentuckians 

The IW process in Kentucky is governed by 807 I< A R 5 058, which requires the 
Companies to submit every three years a plan that discusses historical and projected demand, 
resource options for satisfying that demand, and the financial and operating performance of the 
Companies’ system 807 K.A R. 5 OS8 Sectian f(2) Core elements of the filing include 

a A base load forecast the Companies consider “most likely to occur and, to the extent 
available, alternate forecasts representing lower and upper ranges of expected future 
growth of the load an its system” 807 1CA.R. 5“058 Section 7(3). 

e The Companies’ “resource assessment and acquisition plan for providing an adequate 
and reliable supply of electricity to meet forecasted electricity requirements at the lowest 
possible cost.” 807 K.A.R. 5.058 Section 8(1). 

e The revenue requirements and average system rates resulting from the plan set forth in 
the LRP. 807 K.A.R. 5”0.58 Section 9 

As the Coinmission Staff have stated: 

The goal of the Coinmission in establishing the R P  process was to ensure that all 
reasonable options for the hture  supply of electricity were being examined and 
pursued, and that ratepayers were being provided a reliable supply of electricity at 
the lowest possible cost.’ 

It is with that intent in mind that the Environmental Groups offer the following comments. 

Kentucky PSC, Staff Report on the 2009 Integrated Resource Plan of Kentucky Power Company, Case No. 2009- I 

00339 Mar. 2011). 



The first fundamental step in any IRP process is to reasonably project the amount of 
energy demand that the Companies will need to satisfy over the planning period The 
Companies carried out an analysis of total electricity sales and peak demand over the 15 year 
planning period and concluded that while demand has dropped significantly due to the 2008 
recession it will recover and grow at a faster rate than was predicted by the Companies in their 
2008 LIPI” For total electricity sales, the Companies predict levels for 201 1 to 2015 will be 5 8% 
lower than was predicted in the 2008 IRP (IRP at 6-3) The Companies also, however, project a 
higher annual growth rate of 1 6% from 201 1 to 201 5 (compared to 1% in the 2008 IRP) and 
1 5% for 201 1 to 2025 (compared to 1 2% in the 2008 IRP) ( I d )  As a result, total energy 
demand is projected to be 23 2% higher in 2025 than in 201 1 Similarly, peak demand in 201 1 
to 2015 is projected to be 5% lower than was predicted in the 2008 IRP (Id at 6-5) The 
Companies then project that peak demand will grow at I 7% through 2025, lather than the 1 3% 
level identified in the 2008 I€@ ( I d )  As a result, peak energy demand is projected to be 
28 4% higher in 2025 than in 201 1 

While the Companies have apparently assumed a full recovery from the 2008 recession, 
they have not provided any explanation for why they expect total electricity sales and peak 
energy demand to grow at a higher annual rate than they projected in the 2008 IRP This higher 
projected growth rate is especially surprising given that the energy efficiency provisions of the 
Energy Independence and Security Act of 2007 (EISA”) and the American Recovery and 
Reinvestment Act of 2009 (“ARRA”) were supposedly incorporated into the demand growth 
projections. The ARRA programs alone are projected to reduce residential demand by 0.2% per 
year every year through 2020.2 The lighting efficiency standards in the EISA are expected to 
reduce residential energy use by 1 S to 2.5% in 2012-2014 And various provisions of EISA 
and ARRA were projected by Itron to reduce the projected increase in commercial sector 
electricity use from the 2 1% annual increase projected in 2008 for 2009 to 2019 to only a 1 6% 
annual increase 
Kentucky, it would appear that the Companies’ estimate of increased annual electricity demand 
growth as compared to the 2008 IRP is overstated. 

In light of these reductions and the continued economic difficulties facing 

The Companies do acknowledge that “within each forecast cycle, there is uncertainty in 
the forecast values of the independent variables ” (IRP at 7-25) This uncertainty is especially 
acute for peak demand growth, with regards to which the Companies note “significant 
uncertainty about the rate of growth of peak demand and capacity additions ” (Id at 6-26) For 
example, Cambridge Energy Research Associates (“CERA”) has projected a nationwide peak 

Itron, 2009 Residential Statistically Adjusted End-Use (SAEZ:) Spreadsheets - ARRA Stimulus Forecast, 

Itron, 2009 Residential S A E  tipdate at 1, Attachment to Companies’ Resp. to NRDC-SC Interrogatory No 1 
Itron, 2009 Comnercial SAEZ Update, at 13, Attachment to Comnpanies’ Resp to NRDC-SC Interrogatory No. 1. 

Attachment to Comnpanies’ Resp to NRDC-SC Interrogatory No. 2 
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demand growth increase of 1 9% per year fi-om 2010 to 2015, while the TJ S Department of 
Energy’s Energy Information Administration projects only 0 1% peak demand growth ( I d )  

that measure the impact of a range of different input scenarios combined with an assignment of 
probabilities to each scenario So, for example, with regards to load gIowth, a sensitivity 
analysis would evaluate how different assumptions regarding economic growth, population 
growth, or weather would impact the projected change in electricity demand growth over the 
planning period. Utilities would then assign different probabilities to each set of assumptions in 
order to conclude which scenario is most likely 

Robust utility planning addresses such uncertainty through the use of sensitivity analyses 

The Companies purport to have undertaken a sensitivity analysis with regards to 
electricity demand growth, but it was not a meaningkl analysis. Instead of testing a range of 
input assumptions in order to identify different projected demand growth trajectories, the 
Companies generated a “high case” by assuming that demand in 201 1 would be 4% higher than 
projected, and a “low case” by assuming that demand in 201 1 would be 4% lower than projected. 
(IRP at 7-26). The Companies then assumed that energy sales and peak demand will grow at the 
exact same annual rates as were used in identifying the “base case.” (Id”) In other words, the 
only sensitivity that was added into the evaluation concerned whether the demand would be 
higher or lower than expected No sensitivity analysis was presented regarding the rate of energy 
demand growth over the planning period, wliicli is the critical factor in determining what level of 
energy demand the Companies will need to serve over the next fifteen years. 

The Companies acknowledge that “alternative load growth scenarios may have a 
significant impact on the selection of an optimal technology, type, and size.” (JRP at 5-13). For 
example, a lower rate of growth could delay, shrink, or eliminate the need for new generating 
capacity, thereby saving ratepayers money. Conversely, a higher growth rate could lead to an 
increased need for additional generating capacity. Carrying out sensitivity analyses that look at 
the range of potential demand growth trajectories is critical to ensuring that the optimal 
combination of energy resources is selected. 

. The Companies ave §eIected an Excessive 

The Companies appear to have overstated the amount of capacity they need by selecting 
an excessive 16% reserve margin for the system. A reserve margin is the amount of excess 
capacity a utility carries in order to minimize the likelihood of reliability events. Relying on an 
analysis by Astrape Consulting titled LG&E and IW 201 1 Reserve Margin Study (“RIv~S”),~ the 
Companies contend that the current 14% reserve margin should be increased to 16% because that 
latter figure purportedly represents the level that optimally balances the cost of holding reserve 
energy resources with the risk and impact of a reliability event. In other words, the RMS 

Astrape Consulting, LG&E and KU 20 1 1 Reserve Margin Study (April 8,20 1 1) (hereillafter “RMS”). The RMS 
was filed with the Commission by the Companies as Ex. CRS-3 to the Rebunal Testimony of Charles R Schrani in 
PSC Case Nos. 2011-00161 and 00162. 
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focused 011 the “estimated total costs and risks to customers” of various reserve margins,6 rather 
than the traditional approach of identifying the minimum level of generation planning reserve 
margin needed to maintain electric system reliability Regardless of the validity of this non- 
traditional approach, the 16% figure is higher than is necessary or beneficial to ratepayers. 

One way that the W S  overstates the appropriate reserve margin is by explicitly 
modeling two types of load forecast uncertainty rather than just one. In particular, the RMS 
incorporates weather uncertainty and economic uncertainty, both based on historical loads. This 
increases the amount of uncertainty being modeled and raises questions about the possibility of 
historical uncertainty being duplicated by the multiple methods used in the RMS. Load forecast 
uncertainty due to economic uncertainty results in a peak load, in the most extreme case, that has 
only a 2.25% probability of occurring. Given that most economic uncertainty is currently on the 
downside, with lower than expected loads, this seems extreme and acts to improperly increase 
the apparently optimal reserve margin. 

More traditional loss-of-load-probability (“LOLP”) planning uses a load forecast that has 
a certain overall confidence level, such as a “SO/SO” forecast that has a 50% chance of being 
exceeded in any one year. Some Regional Transmission Organizations use a 90/10 load forecast, 
in which the forecast load has a 10% chance of being exceeded in any one year, for some system 
planning purposes. Rut, the 50/50 forecast is still widely used for generation adequacy 
 purpose^.^ In either event, a specific overall confidence level applies to the loads being studied. 
This compares to the RMS which reflects economic Uncertainty such that the worst case load has 
less than 2.25% chance of being exceeded.8 And this is before weather-driven load forecast 
uncertainty is taken into account. While load forecast uncertainty should be considered, the 
method used in the RlLlS departs from the planning basis on which our electric utility system has 
been developed arid operated arid acts to increase what the planning reserve margin should be 
relative to traditional LOLP study methods. As such, it should be strictly scrutinized. 

A second problem with the RMS is that it overestimates the level of reserve margin 
needed to achieve a loss of load probability (“LOLP”) of 0.1, which is the equivalent of 1 day of 
lost energy in ten years. The appendix to the reserve margin study contends that a 20% reserve 
margin is needed to reduce the LOLP to 0.1, and that the LOLP would be at 0.2 with a reserve 
margin of 16% 
the LOLP down to 0 1 For example, NERC has reported that the Florida Reliability 
Coordinating Council found that a 1.5% reserve margin would achieve a LOLP of 0.1 lo 

Similarly, PacificCorp recently determined that a 14.8% reserve margin was sufficient to achieve 
a 0.1 LOLP ’’ The LOLP at various reserve margin rates represents the probability that the 

But other utilities have found that a far lower margin than 20% is needed to get 

RMS at 2. 

RMS at 14. 
RMS at Appendix A.  

’ PSM uses a SO/SO load forecast in its generation adequacy detennination. 

l o  NERC, 20 1 1 Surnnier Reliability Assessment (May 20 1 1), at 47, available at 
littp ://wvw I nerc. coin/files/20 1 1 %20 SumiePA2 OReliability%20 Assessment-FINAL. pdf 
” PacLfCorp, Stochastic Loss of Load Study for Ihe 201 1 Integrated Resource Plan (Nov. 18,2010), at 9-10, 
available at 



system is likely to experience a shortage of generation over a given planning year Therefore, 
overstating the LOLP at a particular reserve margin rate would suggest a higher margin than is 
cost effective 

The M S  is also flawed because it does not appear to give any credit to demand side 
resources (L‘DSR”). The NERC 201 1 Surnrner Reliability Assessrnent12 documents how NERC 
has enhanced its method of calculating reserve margin to account for controllable DSR, which 
acts similar to generation in its ability to “serve” load. Rather than being subtracted from 
capacity and load, as was previously the case, now controllable DSR MWs are now added to 
generating capacity, which will tend to increase the calculated reserve margin in 201 1 and later 
years, all else held equal. DSR should be factored into the Companies’ reserve margin analysis 

Finally, the Companies’ reserve margin study appears to omit consideration of the 
Contingency Reserve Sharing Group ((‘CRSG”) that the Companies have joined with the 
Tennessee Valley Authority and East Kentucky Power Company l3 The members of the CRSG 
share 1,347MW of contingency reserves, which enables each individual utility to reduce the 
amount of contingency reserves it carries on its own l4 Other utilities have assumed that 
participation in similar reserve sharing groups reduces the reserve margin that a single utility 
needs by as much as 1 S%.I5 The CRSG should siinilarly be factored into hrther analysis of the 
reserve margin for the Companies 

The best energy resource from both an economic and environmental perspective is 
demand side management (“DSM”), which uses energy efficiency and demand response 
programs to reduce the total amount of electricity that a utility needs to produce in order to 
satisfy its customers’ needs Experience throughout the country shows that well-designed and 
implemented DSM program can reduce energy demand by 1% to 2% per year at a significantly 
lower cost than it takes to produce that same amount of energy As such, any energy planning 
process that seeks to achieve the lowest cost energy portfolio should prioritize the 
implementation of all cost effective DSM. 

http:/hww. pacificorp .co1/conte1it/danl/pacificorp/doc/Ener~~Sources/Inte~ated~Resource~Plai~2O 1 1 IRPPAC- 
20 1 1~-LossO€LoadStudy-11-I&- I0.pdf 
l 2  NERC Reliability Assessment at 3; NERC, Reconmendations for the Treatment of Controllable Capacity 
Demand Response Programs in Reserve Margm Calculations (June 1, 2010), available at 
l i~p : l lT~~~\ .~~.nerc .co i i~docs /pc /~s~lS  Report on Reserve Margin Treatment of CCDR %2006.0 1.10.pctf. 
l 3  Contingency Reserve Sharing Group, Certificate of Deliverability, available at 
I i~ l lp : / / \~~w.oa t ioas i s . conv’EI (PC/EI (P~  CRSG Certification of Deliverabilitv 01302010& 
l 4  Coinpanies’ Resp. to StafYIiitenogatory No. 10. 
l 5  PacifiCoy at 10; Ventyx, Analysis of “Loss of Load Probability” (LOLP) at Various Planning Reserve Margms 
(Dec. 1,2008). 
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To their credit, the Companies have, in a separate filing (PSC Case No 201 1-00134) 
recently approved by the Commission, sought to expand their DSM programs I6 The Companies' 
existing DSM programs have achieved 182 MW of peak demand reduction through 20 10 The 
continuation of those progr ams and addition of new programs approved in Case No 20 1 1-00 134 
are expected to lead to additional peak demand reduction of 309 Mw over the next seven years, 
for a total peak demand reduction of 49 1 MW by the end of 20 17 ( B P  at 6-24) The IRP then 
assumes another 5 8 M W  of peak demand savings from DSM programs each year through 2025, 
for a total of 838 7MW of peak demand reduction (IRP at 8-75) This equates to a total peak 
energy demand savings of 9 36% by the end of 2025, which is an average reduction of 
approximate 0 52% of peak demand per year since the DSM programs started in 2008 With 
regards to total energy sales, the Companies estimate that their DSM programs will lead to a 
1,950GWh reduction by the end of 2025 (IRP at 8-74) This equates to a 4 6% reduction in 
total energy sales by the end of 2025, which is an average energy savings of only 0 25% per 
year 

While these DSM programs are a good start, the Companies can cost- effectively achieve 
far more reduced demand. The Companies' own filings show that the proposed DSM programs' 
expected benefits far outweigh their costs, which provides strong evidence that there are 
significant opportunities for additional energy savings through cost-effective DSM programs 
For example, the IRP estimates the existing and new DSM programs from 201 1 through 2017 
will cost $261 million, while the net present value of those programs is estimated at $864 
million. (IRP at 8-76). That 3 3 to 1 benefit-cost ratio suggests that there is a lot of additional 
energy savings that the Companies could achiev through DSM programs with a positive benefit- 
cost ratio 

That the Companies can and should pursue far more DSM is also seen through the DSM 
Program Review that was carried out by ICF International l7 Among other things, the DSM 
Review evaluated the Companies' DSM programs in terms of the four cost-effectiveness tests set 
forth in the California Standard Practice Manual (IRP at 8- 109 to 8-1 1 1). The Companies' 
DSM programs have significant positive net economic benefits under the Participant Test (8 I 24), 
Utility Cost Test (3 39), and Total Resource Cost Test (3 01). The high Utility Cost Test result 
indicates that there is significant opportunity to cost effectively increase the DSM incentives 
offered in order to increase participation in energy saving programs. And the high Total 
Resource Cost score indicates that the Companies could expand the DSM programs to go after 
much deeper energy savings, while still staying cost effective and delivering net benefits to the 
service territory 

TCF did find that the DSM programs had a marginally negative Ratepayer Impact score of 
0.82. (IRP at 8-1 11). While the Companies should not use the Ratepayer Impact test alone to 

See In re Joint Application of Louisville Gas & Electric and ICeiitucly {Jtilities Company for Review, 16 

Modification, and Continuation of Esisting, and Addition of New Demand Side Management and Energy Eflicieiicy 
Programs, PSC Case No. 2011-00134. 

ICF International, Louisville Gas and Electric Company / Kentucky Utilities Coinpany - DSM Program Review 
(Mar. 18, 2011). The ICF Report was filed will1 the Comnission as Edubit 10 to the Companies' Demand Side 
Management and Energy Efficiency Program Plan filing in PSC Case No. 201 1-00134. 
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evaluate the cost effectiveness of DSM because, as the ICE; analysis noted, that test has “serious 
disadvantages” stemming from the fact that it likely provides the least certain results of any of 
the cost effectiveness tests.” While the Ratepayer Impact score should play a role in 
determining which specific DSM programs to pursue and how to design those programs to 
properly balance the costs and benefits for participants, utilities, and non-participants, the 
appiopriate overall level of DSM is most appropriately evaluated by considering the results of all 
of the cost-effectiveness tests l9 Doing so here reveals a substantial benefit from the Companies’ 
existing and recently-approved DSM programs, and the opportunity to cost effectively reduce 
significantly more demand through fiirther DSM efforts 

The 0 52% per year demand reduction from the Companies’ DSM programs also falls far 
short of the energy saving goals targeted for ICentuclcy In particular, Kentucky Governor Steven 
L Beshear has called for the establishment of an Energy Efficiency Resource Standard that 
would seek to reduce energy consumption by at least 16 percent below projected 2025 levels, for 
a savings rate of 1 13% per year 2o While the Governor’s goal is not a binding requirement yet, 
it provides additional evidence that the Companies could achieve far more cost effective demand 
reduction through enhanced DSM efforts 

The projected energy savings from the Companies’ DSM programs also falls far below 
the energy saving requirements established in many other states. For example, at least eleven 
states now have policies requiring more than 10% cumulative annual energy savings by 2020 
through DSM policies 21 Most states are meeting their enero saving goals, and nine states 
achieved energy savings of more than 1.2% in 2009 or 2 O l g 2  Ohio recently passed legislation 
requiring 22% energy savings by 2025, starting at 0 3% annual savings in 2009, ramping up to 
1% annual savings by 2014, and 2% in 2019 23 

Based on all of the above, the Companies should evaluate and implement a much more 
robust DSM program that would achieve significantly higher annual reductions of peak energy 
demand and total energy sales. The best way to evaluate the level of DSM that should be 
pursued is to allow DSM programs to compete against supply side resources on equal footing in 
any energy planning modeling undertaken by the Companies. In addition, the Commission 
should follow ICF’s recommendation and call on the Companies to conduct an energy efficiency 
potential study, which would help the Companies determine how much energy efficiency is 
available in their service territory and at what cost it is available. American Electric Power 

’’ ICF Plan at 20. 

Programs: Besl Practices, Techiiical &Iethod,s, and Emerging lssztes for  Policy-Adakeix Energy and Environmental 
Economics, Inc. and Regulatory Assistance Project, at p. 3-1, mailable at 
l~ t tp : / / r~wv.  e m  godc teanener Ir;v/docurnents/sucacost-efTect~veness, ndf 
” Governor Steven L. Beshear, 2008, Intelligent Energy Choices for ICeritucky s Ftrtzrre. Kentzrcky ’s 7-Point 
Strategy for Energy Independence, available at 11ttp .//eiierm. kv. ~ovlresourceslPa~es/Ener~~Pl rm.as~x 
” American Council for an Energy-Efficient Economy, Energy Efficient Resource Standards: A Progress Report on 
State Experience (June 201 l), ai 8-9. 
l2 Id. at 9. 
23 Ohio Revised Code 4928.66. 

National Action Plan for Energy Efficiency (200s). Uiidersta~idiiig Cost-ESfectiveeries.s of” Energy Eflcieiicy 19 

8 



recently completed such a study in Ohio and concluded that utilities could realistically reduce 
load by more than 20% by 2028 with cost effective energy efficiency 

For purposes of the present WP, the Companies should, at a minimum, assess the impact 
of achieving higher levels of energy savings and peak demand reduction through the use of 
DSM. The Environmental Groups recommend that the Companies double their DSM related 
energy savings to 1% of sales for each of the next three years, and to increase the level to 2% per 
year thereafter Such energy savings would save ratepayers inoriey not only by reducing the 
amoutit of electricity they need to purchase, but also by enabling the Companies to reduce the 
amount of new or retrofitted power generation capacity that it pursues 

A serious shortcoming in the Companies’ IRP is a failure to assume any cost related to 
the emission of carbon dioxide (“C02”). The Companies currently generate 97% of their 
electricity from coal, which is the most carbon-intensive energy source there is. Even after the 
coal unit retirements and natural gas proposals included in this IRP, the Companies would still be 
generating approximately 90% of their electricity from coal. As such, the Companies and their 
ratepayers have significant exposure in the event that a price is placed on C 0 2  emissions or that 
environmental standards require reductions in those emissions. Given the significant 
environmental impacts that result from C 0 2  emissions, it remains very likely that the Companies 
will be required at some time during the planning horizon under consideration in this TRP to 
either reduce their C02 emissions or pay a fee for such emissions. As such, it would be in the 
best interest of the ratepayers for the Companies to factor that likelihood into their planning and 
to begin taking cost effective steps now to reduce such emissions. 

A regulatory cost related to C 0 2  emissions is likely to come iii one of two forms First, 
there could be a federal price 011 C 0 2  as part of a cap-and-trade type system in which overall 
C 0 2  emissions are capped and then major sources of C 0 2  emissions are able to purchase and 
trade C 0 2  pollution allowances. Second, U S EPA is in the process of promulgating greenhouse 
gas New Source Performance Standards (“NSPS”) under the federal Clean Air Act. The NSPS is 
likely to require new sources, and existing sources that carry out modifications, such as the 
installation of pollution controls, that increase greenhouse gas emissions over a certain threshold 
to take particular steps to limit their C 0 2  emissions. Either regulatory approach is likely to 
establish some cost for emitting CQ2 or to achieve required reductions in such emissions 

purely speculative and unltnowable, they in reality treat the C02  issue as if there were complete 
certainty around it. In particular, the Companies assign a price of $0 to C 0 2  emissions, which 
means that the Companies are asserting certainty that there will not be any regulations or price 
for C 0 2  over the 15 year IRP planning period. In fact, in testimony recently filed with the 
Commission, the Companies claimed that “it would be imprudent” to assume otherwise 24 

While the Companies pretend to ignore C 0 2  costs on the grounds that those costs are 

l4 PSC Case Nos 201 1-00161 and 00162, Rebuttal Testimony of David S. Siiiclair at p 31 lines 11-12 



Numerous other utilities disagree with the Companies’ certainty. For example, here is a 
list ofjust some of the utilities that have included a price related to C02 emissions in recent 
energy planning: 

In September 201 1, Duke Energy Carolinas submitted an IRP in South Carolina that 
assumed a C 0 2  price starting at $12 per ton in 2016 and increasing to $42 per ton by 
203 1 25 The filing also used higher C 0 2  price assumptions from 2009 and 2010 IRPs as 
the basis for sensitivity analyses 26 

Q 

e In an August 20 1 1 filing, Georgia Power (a subsidiary of Southern Company) modeled 
four different CO2 price scenarios - $0, $10, $20, and $30 per ton - starting in 2015 in 
order to “span the plausible short term and long term range of C 0 2   requirement^^"^ 

In July 201 1, Duke Energy Ohio submitted an IRP that included a “C02 price curve 
beginning in 20 16 to represent the potential for h tu re  federal climate legislation.”28 

In March 201 1, the Tennessee Valley Authority submitted an Ifcp that tested eight 
scenarios involving C 0 2  prices that ranged froin $0 throughout the planning period to a 
price starting at $1 7 per ton in 2012 and increasing to $94 per ton by 2030.29 

In March 201 1, PacifiCorp submitted an LRP in Utah in which the utility modeled four 
different C02  price scenarios, ranging from an assumption of no C02 price, to prices 
starting in 201 5 at $12, $19, or $25 per ton and escalating at different rates after that 
through 2030. The utility also modeled two scenarios involving hard caps on overall CO2 
emissions.3o 

In February 201 1, Ameren Missouri submitted an IRI” that included an evaluation of CO2 
cap-and-trade scenarios involving a C 0 2  cost that started at $7.50 per ton in 2015 and 
increases to $47.22 in 2040.31 

In December 20 10, Delinarva Delaware filed an IRP in which it assumes a federal C 0 2  
price of $20 per ton in 2018, increasing to $25 per ton by 2020 32 

25 Duke Energy Carolinas, LLC’s 201 1 Integrated Resource Plan (Sept. 1,201 l), at 100-101 
26 Id. 
27 Georgia Power’s Application for Decertlfication and TJpdated Integrated Resource Plan, Georgia PSC Docltet No. 
34218 (Aug, 4, 201 l), at 37. 
** Duke Energy Ohio, Inc., 2011 Electric Long Term Forecast Report and Resource Plan, Ohio PUC Case No. 11- 
1439-EL-FOR (July 15, 201 l), at 186. 
29 Tennessee Valley AuthoritlT, Integrated Resource Plan: TVA’s Envirorunental and Energy Future (Mar. 20 1 I), at 
96. ’’ PacifiCorp, 2011 Integrated Resource Plan (Mar. 31,20111, at 159-160. 
31 Ainereii Missouri, 201 1 Integrated Resource Plan (Feb. 2011), at 3 1. 
32 Delinarva Delaware, IRP Filing Resource Modeling - Supporting Documentation (Dec. 1, 2010), at 16-17. 
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The Companies are correct that there is uncertainty about what the future cost of C 0 2  emissions 
will be. Rut the proper way to address such uncertainty is not to simply declare that there will be 
no cost. Instead, prudent utility planning calls for carrying out sensitivity analyses that assume a 
range of different C 0 2  prices and assigning reasonable probabilities to each scenario so that the 
lowest cost plan for approaching likely future scenarios can be developed. 

the mid-range, low, and high C 0 2  price prqjections set forth in the C02 price forecast from 
Synapse Energy Economics that is further discussed in the attached report fi-om Dr Jeremy 
Fisher 

The Environmental Groups recommend that the Companies carry out such analyses using 

The IRP is also flawed because it presents an inadequate assessment of the significant 
costs that would need to be incurred to keep the Companies’ aging coal-fired electric generating 
units operating throughout the planning period In their IRP, the Companies rely on an analysis 
they did in the context of a separate Commission proceeding in which the Companies are seeking 
Certificates of Public Necessity and Convenience C‘CPCN’) for the installation of pollution 
controls on a number of their coal units In the CPCN proceedings, the Companies carried out 
Strategist modeling to determine the net present value revenue requirement ( “WW’)  of 
retrofitting versus retiring each of its coal units Through that analysis, the Companies 
concluded that it would be most cost effective to retire the Cane Run, Green River, and Tyrone 
coal units and decided that the rest of their coal units should be retrofitted to comply with 
existing and pending TJ S EPA environmental regulations 

As explained in the attached report by Dr Jeremy Fisher from Synapse Energy 
Economics, the Strategist modeling carried out by the Companies was flawed in a number of 
ways that understate the substantial costs facing the Companies’ coal units Specific flaws in the 
modeling identified by Dr Fisher include. 

0 Natural gas price correction: The Companies’ base-case natural gas price 
forecast appears to inappropriately represent the highest end of gas price 
assumptions; 

SeCR cost: The Companies have inappropriately dismissed the risk that some of 
its units may require selective catalytic reduction (SCR) to meet emissions limits 
for oxides of nitrogen (NO,) under both promulgated and proposed ozone 
standards; 

CO, price risk: The Companies have assumed that there is no chance that the 
federal government will regulate carbon dioxide (CO2) emissions anytime in the 
future, thereby exposing ratepayers to a very real financial risk; 



0 Oversized ~ ~ ~ ~ a c e ~ e n ~  capacity: The Companies assume that replacement 
generation is only available from three types of natural gas plants, a single-cycle 
turbine of 194 Mw, and two combined cycle sized at 605 and 907 MW (summer 
capacity), respectively. These large-size combined cycle units are larger than 
many of the coal units under consideration, forcing the model to only evaluate 
unduly expensive alternatives that present potentially non-optimal solutions. 

(B Utility ~ o ~ e ~ e ~  in isohtion: The model used by the Companies assumes that 
they have no interactions with the Eastern Interconnection, which forces the 
model into unrealistic solutions. 

b Emergency generation purcllaases: The model uses a very high cost for 
emergency generation with an unreasonably high frequency, resulting in very 
high costs with no apparent basis. 

(B rices: The Companies have assumed that the trading price of NO, 
and sulfbr dioxide (SOZ) will diminish to zero in two years, in contradiction to 
EPA estimates; thereby denying the Companies the opportunity cost of avoiding 
these emissions through retirement or emissions controls. 

B etiremenrt: The Compaiiies have chosen a semi-arbitrary order in 
which to test the retirelretrofit decision without regard to the impact that this order 
imposes on the modeled economic merit of each unit. Simply changing this order 
could result in a more optimal solution and retirelretrofit decisions. 

Synapse reran the modeling carried out by the Companies using more reasonable assumptions 
regarding natural gas prices, CO2 prices, and the need for SCRs, and found that the NPVRR of 
retrofitting each of the Companies’ coal units declined significantly That modeling showed that 
the economics generally favors retirement, rather than retrofitting, of Brown TJnits 1 and 2 and, 
depending on the scenarios, a number of the other Companies’ other coal units were also more 
economic to retire rather than retrofit 3 3  

The new modeling analyses performed by Synapse also understates the costs facing the 
Companies’ coal units, as limited time and resources restricted the number of factors that could 
be h l l y  evaluated and modeled. Additional costs or not reflected in either the Companies or the 
Synapse modeling that are relevant to the question of whether Brown TJnits 1 and 2 and other 
coal units should be retired or retrofitted include: 

e Age of the Cod Units: As the Companies note, the typical design life for coal unit is SO 
years (IRP at 5-49). Put into service, Brown Unit 1 has already exceeded that design 
life, and Brawn TJnit 2 will turn 50 years old in 2013. The Companies have noted that, 
based on a “life assessment study” the probable retirement year for those two units is 

33 Dr. Fisher Report ai Ex. JIF-E2. 
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guidelines, despite the risk that these costs could be large and that these regulations could 
require capital investments within the time period of this IRP Rather than quantitatively 
considering scenarios that include cost of compliance with coal combustion waste 
regulation, the TRP notes that “The companies will continue to review this issue.” (IRP at 
8-137). The IN? contains the same statement regarding regulation of cooling water intake 
structures, and again regarding Clean Water Act effluent guidelines. (IRP at 8-106,8- 
134). 

Determinirig the most economically efficient resource option requires a comprehensive and 
detailed assessment of the costs associated with a variety of options. This assessment must 
include a hll understanding of all of the costs that are associated with specific options, such as 
retrofitting potentially inefficient and aging coal plants to make them compliant with 
environmental regulations, as well as an understanding and evaluation of costs and the risk of 
costs that can reasonably be anticipated for specific options. The IRI) submitted by the 
Companies does not satisfy these basic standards. 

A final, overarching concern about the IRP is that it does not assess the uncertainties and 
risks attendant on a resource plan. A resource plan that is projected to have the lowest life cycle 
cost under one set of assumptions about the future, may or may not also be the best under 
another set of assumptions Assumptions that can make a material difference to the performance 
of resource plans include, but are not limited to, ( 1 )  load growth and other factors affecting the 
size and timing of resource needs over time, such as trends in customer types, end use make up 
and load shape, (2) cost, availability and deliverability of fuels, equipment, construction 
materials and expertise, labor, land, transmission service and other goods and services that 
determine the cost of the various resources in the portfolio, (3) financial factors, such as inflation 
rates, utility bond ratings and changes in the rating criteria, cost and availability of various types 
of insurance, cost and availability of various types of capital, (4) factors relating to 
implementation schedules and “lumpiness” of various resource options, such as construction or 
installation times or delays in those times, risk of project failure or cost increase, ( 5 )  
environmental and regulatory risks, such changes in emission standards (including the likelihood 
of COz regulations), new emission standards or fees, permitting risk, and (6) planning risk, for 
example, the risk that a resource will become obsolete or unnecessary while under construction. 

While the technicalities can be somewhat abstract, the essence of risk and uncertainty 
assessment in this context is to measure the variability of a resource portfolio’s results due to 
uncertainties in factors or assumptions. The IRI) should, but does not, contain (1) a thorough 
inventory and description of the relevant risks, together with an assessment of their probabilities, 
(2) an objective analysis of how those risks impact the performance of various resource plans 
individually and in combination, (3) development of a plan relying on a portfolio of resources 
that manages risk and uncertainty to a reasonable level while delivering the lowest life-cycle cost 
over the fullest possible range of plausible h tu re  scenarios 
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1. ConcPusion 

In order to ensure that the Companies go down the path of the lowest cost approach for 
meeting their customers’ energy needs, the Companies should address and correct the above 
errors in their W. 

Respectfully submitted, 

- 
Edward George Zuger 111, Esq. 
Zuger Law Office 
Post Office Box 728 
Corbin, Kentucky 40702 
(606) 4 16-94-74 

Of counsel : 

Shannon Fisk 
Senior Attorney 
Natural Resources Defense Council 
2 N. Riverside Plaza, Suite 2250 
Chicago, TI, 60660 
Phone: (3 12) 65 1-7904 
Fax: (3 12) 234-9633 
sfisk@nrdc.org 

Kristin Henry 
Staff Attorney 
Sierra Club 
85 Second Street 
San Francisco, CA 941 OS 
Phone: (415) 977-5716 
Fax: (415) 977-5793 
kristin. henry@sierraclub.org 

Dated: November 23,201 1 
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I certify that I served a copy of Environmental Groups' Comments via first class mail on 
November 23, 20 I I ,  to the following. 

Hon Allyson IC. Sturgeon 
Rick E Lovekamp, Manager 
LG&E and ICU Energy LLC 
220 West Main Street 
Louisville, Kentucky 40202 

Hon. Icendrick R Riggs 
Stoll Iceenon Ogden PLLC 
2000 PNC Plaza 
SO0 West Jefferson Street 
Louisville, Kentucky 40202 
Coumel for LG&E nnd KU 

Hon Dennis G. Howard I1 
Hon Lawrence W Cook 
Attorney General's Office of Rate Intervention 
1024 Capital Center Drive, Suite 200 
Frankfort, ICY 4060 1-8204 
Courisel for Interveiior Attorney General 

Hon. Michael L Kurtz 
Hon Kurt J Roelvn 
Roehm, Kurtz & Lowry 
36 East Seventh Street, Suite 1510 
Cincinnati, Ohio 45202 
Counsel for Intewenoi* IUUC 

Edward George Zuger Ill, Esq. 
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At the December 2009 Planning Committee (PC) meeting. the Data Coordination Working 
Group asked the PC to 

Assign the appropriate group to re\iiew Reserve Margin calculations, which either 
iiicludes dispatchable, controllable capacity demand response as a supply-side resource 
or a demand-side on-peak load modifier as well as identify the best approach to be used 
in NERC's Reliability Assessments. 

The Resource Issues Subcommittee (RIS) WIS assigned this task 

Four types of programs are categorized by NERC as "controllable capacity demand response" 
(CCDR) in tlie NERC 2009 Long Term Reliability Assessment. 

1 Direct Control Load Management (DCLM) - Demand-Side Management that is under tlie direct coiitrol of 
the system operator. DCLM iiiay control tlie electric supply to individual appliances or equipment on 
customer premises. DCLM as defined here does not include Interruptible Demand. 

2. Contractually Interruptible (Curtailable) Demand - Demand-Side Management achieved by a customer 
reducing its load upon notification from a control center. The interruption iiiust be mandatory at tiiiies of 
system emergency. Curtailiiieiit options integrated into retail tariffs that provide a rate discount or bill credit 
for agreeing to reduce load during system contingencies. It is tlie magnitude of custoiiier demand that, in 
accordance with contractual ail-angemelits, can be interrupted at the t h e  of tlie Regioiial Entity's seasonal 
peak. In some instances, the demand reduction may be erfected by action of tlie System Operator (remote 
tripping) after notice to the customer in accordance with contractual provisions. 
Critical Peal< Pricing (CPP) with Control - Demand-Side Management that combines direct remote control 
with a pre-specified high price for use during designated critical peak periods. wiggered by system 
contingencies or high wholesale liiarket prices. 

4. Load a s  a Capacity Resource - Demand-side resoiirces that commit to pre-specified load reductions wlieii 
system contingencies arise. These rcsoi~rces are not limited to being dispatched during system contingeiicies. 
They may be sub-ject to economic dispatcli from wholesale balancing authorities or through a retail tariff and 
bilateral arrangements with a third-party ciirtailments service provider. Additionally, this capacity may be 
used to meet resource adequacy obligations when determining plaiiiiiiig Reserve Margins. 
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The RIS made a recoininendation at the March 2010 PC meeting that CCDR resources that could 
be activated, directly or indirectly, by a Balancing Authority (BA) should be consistently treated 
as a resource, siinilar lo generating capacity, in NERC Reserve Margin calculations. If CCDR 
cannot be activated by a BA, it should be considered a load reduction in the NERC Reserve 
Margin calculation Emergency measures such as voltage reduction should be excluded 
altogether. This recommendation was not approved by the Planning Conunittee, and the RIS 
was asked to: 
1. Provide examples of how its proposed method would be used in several are as^ ERCOT, 

PJM, MISO, NYISO, and others deemed appropriate 
2 Reevaluate its equations and use new terminology if needed. 
3 .  Review the Reliability Standards and identify any that are related to the reserve margin 

definition or demand response. 

This report answers these questions The still recommends that 
treated as a resource in NERC Reserve .gin calculations. How 
and definitions are provided to support this recommendation. 



s 
With regard to terimnology, the RIS believes several new definitions ~ o ~ t l d  assist in the 
calculatioii of Reserve Margin Table 1 on the next page shows the definitions needed for both 
alteinatil es - treating all Repoilable CCDR as a resource treating all Reportable CCDR as a 
load reduction The teirns “Repoilable CCDR MW” ‘and “Reporting Criteria” are more 
thoroughly discussed i n  Section 6 

The % Reserve Margin can be calculated 111th two different foriiiulas, each of nhich produces 
the same result 
o/o Reserve Margin = (Capacity - Load 

Laad 

This repoil uses the second formula The formulas below show the O/o Reserve Margin calculated 
for each alternative treatment of CCDR 

treated as a resolme: 

Generatine, CapacitJT + Repoilable CCDR MW - 1 s 100% [Eqrrntioiii I f  
Forecasted Total Internal Deinarid 

treated as a load reduction: 

Generating Capacitv 
Forecasted Total Internal Demarid - Repoilable CCDR MW 

Forecasted Net Internal Demand 
Generating Capacit-v [Eqirnticin 2 f 

Regardless of how these prograins are treated for Reserve Margin purposes. the programs & 
reduce load when they are iinpleinented That fact is riot controversial As shown on Table 2 
(Section 4). entities iiow treat Reportable CCDR is various iiianiiers Regardless of mhat actioii 
the PC taLes. some entities will have diffei eiices between how they report Reserve Margin for 
their owi internal assessments hov they report Reserve Margin for NERC Reliability 
Assessinents 



Table P 

1 Add “Repoi-lable CCDR” ~vliich means a CCDR program that meets the Reporting Criteiia 
2 Add “Reportable CCDR M W ”  which means the expected MW of load reduction 

coincident with the system peal, associated with a Repoilable CCDR program, assuming 
the program is fully iinplemented This definition is parallel to the Expected On-Peak 
Capacity used for wind. solar. or hydro ’ 
Add “Reporting Criteria” wh~ch mecans that for a CCDR program to be reported In NERC 
Reliability Assessments, it inlist meet glJ of these criteria 
a Can the activated. directly or indirectlv. by a BA 
b Has an obligation to perfoiin’ 
Add “Forecasted“ to “Total Internal Demand ’- The lien definition would be “Forecasted 
Total Internal Demand ” Also. change the pi esent definition of “Total Internal Demand ” 
a The present language has phrases such as “the sum of the metered (net) outputs of all 

generatois nithiii the system ‘and the metered line floms into the system, less the 
iiietered line flows out of the system” that iiiiplies it is an “actual” as opposed to a 
*‘forecasted” quantity 
The new definition should clarify that the impact of load reduction from m- 
Reportable CCDR is included 

3 

4 

b 

5 Add “Forecasted” to “Net Interiial Deinand’. so that Forecasted Net Iiiteinal Demand = 
Forecasted Total Internal Demand - Reportable CCDR MW 

6 Define “Actual Net Iiiteinal Demand” as the highest demand level reached after the actual 
implementation of Reportable CCDR piogiaiis 

7 Define “Actual Total Internal Demand” as Actual Net Inteimal Demand with the impact of 
actual iinpleineiited Reportable CCDR added b a d  

’ Additioiinl discussioii is providcd 111 Sectioii 6 

J u n e  1, 2010 
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1 Treating Reportable CCDR as a resource is siinilai to lion wind. solar. and hydio are 
repoi-ted in Reliability Assessments 

2 Treating Reportable CCDR as a load reductioii results iii iiicreasiiig YO Reserve Margin to 
ensure the saiiie level of reliability as Reportable CCDR increases Consider the situation 
where a system has a 100 GW deinand. 110 GW of generation and 5 GW of Reportable 
CCDR If Reportable CCDR is reported as a resource. the Reserve Margin is (1 I5/100 -1) = 
15 0%) If Reportable CCDR is reported as a load reduction. the Reseive Margin is (1 10/95 - 
1) = 15 8% But both systeins ha1 e the same reliabilit) 

Non double the amount of Repoi-table CCDR from 5 GW to 10 GW and ieduce the amount 
of generation by the saiiie aniount. from 11 0 GW lo 105 GW If Reportable CCDR is 
reported as a resource. the Reserve Margin is still 15  0% However. if Reportable CCDR is 
ieported as a load reduction, the Reserve Margin is (105/9O - 1 )  = 16 7% Both systems have 
the same reliability. \ret by treating Reportable CCDR as a load reduction, the Reserve 
Margin iiici-eased from 15 8% to 16 7% with 110 change iii the actual MW of Reserve Margin 
All four examples above have the saiiie MW Reserve Margin of 15 GW 
With the definitioiial changes iii Table 1 - the coinpai isoiis of “actuat” with “forecasted” 
demands undei both options can be compared 

a 

3 

If all Reportable CCDR is treated as a resource. then all demands in NERC’s Reliability 
Assessments would be ieported as Actual or Forecasted Total Internal Dein‘md siiice 
those are used iii Reserve Margin calculatioiis This 1 ~ 1 1  result iii inore consistent 
comparisons 

i Forecasted Total Internal Demand n ould be comparable between reporting areas, 
so that paraineters such as load growth rates can be coiiipared The reason is that 
this temi excludes the subtraction of Reportable CCDR MW for all programs 
Actual Total Inleirial Demand can be compared to Foiecasted Total Internal 
Demand siiice both terms exclude the Reportable CCDR MW of all prograins 
Planners and forecasters need Actual Total Intei~ial Deiiiand siiice it IS uiiaffected 
by Reportable CCDR resource decisions See Figure 1 on the page 5 

ii 

b If all Reportable CCDR IS treated as a load reduction. then all demands in NERC’s 
Reliability Assessrnents would be reported as Actual or Forecasted Total Inteiiial 
Demand siiice those are used in  Reserve Magin calculations This will result in 

iiiconsisteiil coinparisons 
1 Forecasted Net Intel-iial Deinmd is gcJ comparable between reporting areas with 

respect lo parameters such as load growth rates To be coi~~parable, one ivould 
need to assume that Reportable CCDR is growing at the sane rate as Forecasted 
Total Intemal Deiiiaiid 
Actual Net Iiiteriial Deinaiid should not be coinpaied to Forecasted Net Internal 
Deinand The reason is that Act~a l  Ne1 Internal Demand only excludes the MW 
of Reportable CCDR for prograins that were actually impleineiited, whereas 
Forecasted Net Iiiteriial excludes the Reportable CCDR MW for all prograins 

ii 

Is Capacity Demand 
4 
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The actual MW oC Reportable CCDR prograins actually implemented will 
generally be less than the total MW than could have been Cullv iinulemented. 

igure 1 

Actual Total Internal Demand .-- 

” _ _ .  

MVV 

Actual Net Internal Demand 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Hour 

1 Planners need “Actml Total Internal Demand” 

bLActual Total Internal Demand” is directly comparable with “Forecasted Total 
Internal Demand’ since neither has any Reportable CCDR MW deducted 

5 
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The RIS examined several organizations for their curreiit practices of treating Repoilable CCDR 
programs in their own Reserve Margin calculations 

The results are sununarized in Table 1 below. Nolie of the organizations liad Critical Peak 
Pricing with Control. An “IB” indicates that the program is treated as a resource a i d  <an “LR“ 
indicates that it  is treated as a load reduction. This limited sample of orgLanizations shows a 
diverse patierti of treatment in their own Reserve Margin calculation. 

Aiiy organization that treats Reportable CCDR as a load reduction for its own Reserve Margiii 
calculations would have a slightly lower NERC Reserve Margin reporled for Reliability 
Assessments. 

Table 2 

Clarrent Treatment of 

IESO 
TVA 

I R I R 
I .. I 

R 1 . a  

5. 
Although no Reliabilit\i Standards address Resei ve Margiii calculations. several Modeling, 
Analysis. and Data (MOD) staiidards do touch on Reserve Margin pai ameters None of therm 
are presently monitored for compliance. 

1 MOD -01 7 1, R1 1. reqwres “integiated hotu-lv deinaiids” for the piior year. but it does not 
requii e hourljr MW adjustineiits to create “Actual Total Internal Demaid ’’ 

MOD-02 1-0 1. R 1. reqiures documentat~on on Iion val-~ous Deimmd-Side Manageiiienl 
programs, iiicludiiig Direct Control L m d  Management arid Interruptible Deiiiaiid. are 
addressed in load forecasts A single load forecast framework is not required so that 
Reportable CCDR MW could be deducted or not deducted from the load forecast 

2 

e Tkaalmenl of Contriraiilsble Capacity DB 

J u n e  1, 2010 
6 



The discussion in this section applies to both alternatives for treating Repoi-lable CCDR 
prograins in Reserve Margin calculatioiis. Some of the definitioiis were previoLisly discussed in 
Table 1 in Section 2 and are inore thoroughly discussed below. 
1 Reportiiig, Criteria. To be reported in NERC Reliability Assessments, a CCDR program inust 

meet 

a. Can be activated. directlir or iiidirectly. bir a Balnnciiig Authori W. 

Discussion: Noli-BA controlled CCDR programs are not fully linown by BAS, and even 
if lmown, they cannot be relied upon by the BA to assist when needed by the BA. For 
example, a municipality purchasing all its power may have a CCDR program to manage 
its purchases, but that program need not be coordinated with or even reported to the seller 
or the BA. The municipality’s “firiii load” froin the seller’s perspective will have the 
municipal’s use of its CCDR program deducted. L,iliewise, non-BA controllecl CCDR 
iinpacts need to be deducted in arriving at the Forecasted Total Internal Demand. 

b. Has an obliqation to perlorin such as: 
i. Penalties for non-perforinance 

ii. 
111. 

oftlie Reporting Criteria (a aiid b) below: 

A requirement to subinit a market bid 
A remotely-controlled switch installed to c)icle-off load ... 

Discussion: An obligation to perfoiin ensures MW are known or estimated aiid hence 
available for reporting; it also ensures MW will be available when needed. Direct 
Control Load Management program customers are different While they have 110 specific 
obligation to perform, they have made coimnitinents to have their appli‘ances cycled, and 
these coinmitrnents are relied upon like “iron in the growid. ” Customer-specific 
performance requirements are not feasible, but aggregate response may be estimated froin 
observation. 

2 Defining Reoortable CCDR MW 

a. Report the expected MW of load reduction coincident with svstem peak. This may be the 
contracted amount, if ilia1 is expected. It assumes the program is fidly implemented. 
This definition is parallel to the Expected On-Peal; Capacity used for wind, solar, or 
hydro. 

b. Incorporate avoided transinksion aid distribution losses into the expected MW reduction 
as appropriate. These assumptions will be specific to both the reporting entity aid the 
program. 
For Reportable CCDR that is treated as a resource. do not gross up the expected MW 
reduction for the entitv’s planning Reserve Margin. One entity proposed that if 
Reportable CCDR is moved from a load reduction to a resource that the Reportable 
CCDR MW should be grossed up by the entity’s planning Reserve Margin. For example, 
if ai entity lias a 15% planning Reserve Margin ‘and Reportable CCDR program’s load 
reduction of 100 MW, the program’s MW would be increased to 1 1.5 MW if the program 
is reported as a resource. This increases Reserve Margin by 1.5 MW while niaintaiiiing 

c 
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the saine o/o Resen e Maigin However. these added MW are "paper" MW only 
Wliethei Reportable CCDR is treated as a resource or a load ieduction. the MW of 
Reserve Margin does not change More iinpoilantly. the MW or Reseive Margin does 
not need to change since the same uncertainties that a Reserve Margin addresses (e g unlt 
outages, load forecast uncertainty. etc ) are present irrespective of how the % Reserve 
Margin is calculated 

In conclusion, the RIS recoinmends that: 

eliability Assessments, iricPucle 
argi11 calculations. 

3. Reportable cc 
nt for avoided transmission and ( ~ ~ s t r ~ b t ~ ~ o ~ ~  losses that is 
Ilg entidy and progranz; and 

b. Not gross tap load reduction for reserve margin. 

4. ForNIE eliability Assessments, report Forecasted Total Internal 
primary denmaiid statistic. 
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PacifiCorp evaluates the desired level of capacity planning reserves for each integrated resource 
plan For the 201 1 IRP, the Company conducted a stochastic loss or load study to help identif)i 
the target capacity planning reserve margin (PRM) to use for resource portrolio development 
The PRM value used for tlie 2008 IRP and 2008 IRP Update was 12% 

This study utilized the Coinpany’s stochastic production cost sirnulation system, Pl‘mning and 
Risk (PaR), to determine tlie relationship between PRM aid resource adequacy as measured by 
Loss of Laad Probability (LOLP) index. Loss of load probability represents the probability that 
generation in a given hour is iiisufficient to serve load. Accumulating the number of Iiours for 
which the system experiences unserved load over a given period? typically one year, yields the 
LOLP index. Once the relationship between LOLJ and PRM is established for PacifiCorp’s 
system, a target LOLJ level is selected to determine the PRM for subsequent resource portfolio 
development. This report describes the loss of load study and modeling assumptions, the 
selection of a target loss of load criterion, and the adoption of a PRM for portfolio development. 
The last comprehensive stochastic study conducted was for PaciliCorp‘s 2004 IRP. ’ Major 
differences between this study aid the last one include (1) significantly inore wind resources and 
incoi-poration of iiicreinental wind operating reserves in the resource portfolio simulations, (2) 
expaision of the transmission topology from two bubbles to 26, aid ( 3 )  incorporation of energy 
efficiency programs as a resource with a reserve credit rather than a reduction to the load 
forecast. 

Note that while this study reports the incremental resource cost for achieving a given loss of load 
frequency and associated reserve margin level using a standard reliability resource type, it does 
not assess the trade-off between reliability aid cost or the optiiiial resource inis to achieve a 
given reliability level. PacifiCorp compares different resource portfolios based on the amount 
and cost of unserved load (megawatt-hours of “Energy Not Served” or ENS) resulting from 
stochastic siinulations of inLuly portfolios built to meet a given PRM level. This stochastic 
analysis reveals the reliability impacts and costs associated with different resource mixes 

The metric used to derive the L,OLP index is Loss of Load Hours (LOLH). The PaR model 
records a L,OLH event when load is not met for ai hour This condition results from unit outages 
that reduce available generation capacity in a load area below the load derived from the Monte 
Carlo draws conducted by the PaR model. The LOL,H event also has ai associated Energ Not 
Served value, which is the inagnitude of the lost load for the hour. 
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The PaR model‘s reported LOLP index is the avcrage number of LOLH cvciits for PacifiCorp’s 100- 
iteration Monte Carlo production cost siinulation ’ 

PacifiCorp selected 2014 as the simulation test year for the L,OLP study. This year aligns with 
tlie start of tlie 2014-201 6 resource acquisition period targeted by tlie Company’s All Source 
RFP issued to the market on December 2: 16 2009. This year also aligns with inizijor pl‘med 
Energy Gateway transmission additions: the Mona-Oquirrli segment of Energy Gateway Central 
by June 20 13, and the Sigurd-Red Butte segment by June 20 I4 

The LOLP modeling approach entailed adding incremental reliability resource capacity to a 
starting point resource portfolio to reach increasingly higher target PRM levels. Loads and 
resources reflect those of the September 21, 2010 prelimiiiary capacity load & resource balance, 
as presented at the October 5 ,  2010 IRP public input meeting This balance uses the annual 
system coincident peal< load lorecast prepared in September 2010 for use in the Company’s 201 1 
business plan. The starling PRM level was 8 3%; which covers system operating reserve 
requirements (contingency and regulating reserves). Reliability resource capacity was then added 
to reach planning reserve margin levels of approxirnately 10%: 12%, 1.5%/0, aid 18%. PaciliCorp 
conducted stochastic Monte Carlo siindations for each of the five resource portfolios built to 
achieve the target PRMs The stocliastic simulations account for Wester11 Electricity 
Coordinating Council (WECC) operating reserve obligations plus incremental operating reserves 
for existing and forecasted wind additions as of year-end 2013. PacifiCorp then extracted L,OLH 
aid associated LOLP statistics from the portlolio simulations to characterize the reliability 
impacts of the incremental reliability resource capacity. 

PacifiCorp used an intercooled aeroderivative simple-cycle combustion turbine (IC aero SCCT) 
as the reliability resource for the loss of load study. Starting Crom a poi-trolio with approximately 
a zero PRM, IC aero SCCT capacity blocks were added to PacifiCorp’s East and West Balancing 
Authority Areas-PacifiCorp East (PACE) aid PacifiCorp West (PACW)--uiitil reaching the 
desired PRM. The capacity build-up includes 77 MW o l  lion-owned reserves held for other 
parties located in PacifiCorp’s Balancing Authority Areas. Addilionally, since reserves are not 
needed to be held for energy efficiency resources (Class 2 dernand-side i-riaiageinent), 
PaciliCorp included a reserve credit for the incremental 307 MW of Class 2 DSM capacity added 
by 2014. Modeled SCCT units were sized as follows by Balanciiig Authority Area 
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PaciliCorp East Units - 93 MW (1 unit). 186 MW (2 IJnits). 279 MW (3  IJnits) 
PaciliCorp West IJiiits - 102 MW (1 unit). 205 MW (2 IJnits). 307 MW ( 3  IJnits) 

Regarding resoui ce placement, PaciliCorp added SCCT capacity to transmission areas as 
dictated by PRM needs. with inost resources placed in the West Main ("West Units") and IJtah 
North ("East IJnits") transmission areas Table 1 shows the megawatt capacity added to reach the 
target PRM levels Since capacity is added in blocks. the resulting PRM levels i q '  from the 
original targel levels. 

esource Capacity A d d i t h s  Needed to Target Levelis 

Plnimriinig Reserve Margin Level 
Resonrce 5.3% 1 0.2 '%, 1 2.8'%> 15.5% 18.3%) 

East 3 Unit 
East 2 Unit 
East 1 IJnit 
Goshe11 
West 3 l h i t  
West 2 Unit 
West 1 lliiit 

837 1.116 1.1 16 1.395 1.674 
186 0 186 0 0 

0 0 0 93 0 
186 186 186 186 186 

0 0 3 07 3 07 3 07 
0 205 0 0 0 

102 0 0 102 205 
Walla Walla 102 102 102 102 102 

Total IC Aeio SCCT Capacity 1.413 1.609 1,897 2.185 2.474 
DSM with Reserve Credit 332 338 3 44 353 362 
Total Capacity Addecl"' 1.745 1.947 2.241 2.539 2.836 

* E\cludes lion-owned I esen'es held for other parties witliin I>ncifiCorp's servicc territory 

Figure 1 shows the relative magnitude or existing resources, the load obligation plus sales, and 
resoiirces with incremental reserves required to reach the target PRM. 

Figure 1 - Existing esources, Loacts & Sales, and Resources with Reserve 
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MTE CA 

For the loss of load study, the PaR model is configured to conduct 100 Monte Carlo sirnulation 
runs. During model execution, PaR iiialies litne-path-depeiident Monte Carlo draws for each 
stochastic variable. The stochastic variables include regional loads, unit outages, hydro 
availability, coinmodity nat~iral gas prices, and wholesale electricity prices. In the case of natural 
gas prices, electricity prices, aid regional loads, PaR applies Monte Carlo draws 011 a daily basis. 
Figures 2 through 9 show a sample of first-of-noiitli daily loads by transiiiissioii area resulting 
from the Monte Carlo draws. In the case of hydroelectric generation, Monte Carlo draws are 
applied on a weekly basis. 

Twelve representative weeks for each month, including the July syslem peak week, were 
modeled 011 an hourly basis. This representati\ie-\i/eel; approach reduces the model run-time 
requirements while ensuring that unit dispatch during the critical capacity planning periods is 
captured in the system siimilations. Since only one year was simulated, the stochastic model’s 
long-term stochastic parameters were turned off” 

Figare 3 - Utah South Load Area 
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As part of the WECC, PacifiCorp is currently required to i~iaintaiii at least 5% aid 7% operating 
reserve margins on hydro and thermal load-serving resources, respectively. The Northwest 
Power Pool (NWPP) also requires a 5% operating reserve margin on wind In the PaR model, 
operatiiig reserves are modeled as a function of load. The maximum reserve amount that each 
generating unit can cariy is specified in the model. Tlie PaR model also includes 1.6% of loads to 
cover the WECC regulating reserves requirements Tlie.operating reserve percentages, exclusive 
of wind, equate to 8 6% for tlie East Balancing Area and 8.1 % for tlie West Balaiiciiig Area. 
These operating reserves are split into, roughly, GO-percent spinning aid 40-percent iion- 
spinning reserves to comply wilh WECC spinning aid non-spinning reserve requirements.‘ An 
adclitioiial 14% incremental operating reserve requirement is applied against nameplate wind 
capacity (21 1 MW) to cover incremental operating reserves for wind as determined by 
PaciliCorp‘s 2010 wiiid integration study 

The operaling ieserve modeling approacli does not address tlie iinpact of resource type (1 e ,  
hydro. wind. or tliei mal) in deterininiiig required opei ating reserves Operatiiig resen es count 
toward the PRM, but tlie required peicentages for tlie Balancing Authority Aieas (8 6% and 
8 1 %) stay coiistant regardless of resource mis 

All Balancing Authorities within the Northwest Power Pool are also required to participate in the 
Contingency Reserve Sharing Program. This prograin provides 60-minute recovery assistance 
following the loss of a generating resource or transmission path, or failure of a generating unit to 
slart up or increase oulput. This assistance is provided dter the Balancing Authority uses up its 
Contingency Reserve Obligation (i.e”> 7% of load served by therinal resources; 5% of load 
served by hydro reserves). The reserve sharing program provides a benefit to the utility by 
covering the first hour of an outage. For recording LOLH and calculating LOLP, the stochastic 
siinulatioii should oinit the first hour of a forced outage event in order to capture reserve sharing 
benefits. Iniplerneiiting this fuiictionality in the PaR inodel requires that a “shadow” station be 
assigned to each unit with a capacity equal to tlie unit MW rating ‘and energy equal to the full 
load output. The shadow station is called upon in the eveiit of a unit outage, thereby contributing 
ernergelicy generation for one hour during the outage period. (The PaR model would deternine 
tliaf hour based on the marginal energy cost during the outage period.) 

This inodeling approach was judged to be too complex to iiiiplenient and validate III time for use 
in the 201 1 IRP However. this approacli was iiripleineiited for an loss of load study conducted 
by the PaR model veiidoi. Ventn LLC. for Public Service Colnpmy of Colorado Tlie iinpact to 
the PRM of inodeling reserve sharing I ules of the Roclq Mountain Reserve Group (RMRG) was 
a reduction of 1 5 percentage points While the RMRG reserve sharing rules provide for up to 
two hours of contingency reserve assistance as opposed to tlie one hour for the Northwest Power 
Pool’s program, the RMRG rules are inore restrictive in other respects For esaniple. ieserve 
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support is targeted for units at least 200 MW in size. is lirovided only to the unit with the largest 
capacity in the event that two 01- more units experience siinultaneous outages. covers only one 
outage event per month. and covers less than the fhll unit capacity due lo a smaller pool of 
member reserves available Given these offsetting liinitations. PacifiCorp assumes that a PRM 
reduction of 1 5 percentage points is a reasonable proxy for the NWPP's reserve sharing benefit 

Figure 1 0  reporls the LOL,H counts for the five PRM levels modeled. while Figure 11 reports the 
resufling LOLP index values (tfie stochastic average 101- the I 00 Monte Carlo iterations) Fitted 
curves highlight the smooth relationship between the reliability statistics and the PRM level 

Figure 12 reports the total fixed cost or meeting each PRM level based on the incremental IC 
aero SCCT resource capacity required The per-unit fixed cost is approxiinately $19l/liW-year. 
which is grossed up to account for a 2 7% expected forced outage rate. Each percentage point 
increase in the PRM trLvlslates into an incremental fixed cost of about $42 inillion 

Figare BO - System x 1  E 
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Traditionally. the long-term reliability planning standard has been a one-day in ten year loss of 
load criterion 24 hours / (8760 hours s 10 years) = 0 027% PaciliCorp has thus adopted this 
standard for determination of its PRM for IRP portfolio development ' IJsing a logarithlic 
functional form 'and regressing tlie PRM levels against tlie LOLP index values. yielded a PRM of 
14 8%) to achieve a one-day in ten year loss of load (Figure 13) 

elationship between Pla iwgin and LOLP .......................................................................................................................................................................................................................................................... 

20 .~ ..... ". ............................... ....... ................................................................... ........ ............. 

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 

LOLP (%) 

CAPAC 

As noted pieviouslj~. tlie loss of load study does not incorporate the benefit of the Northwest 
Powei Pool ieserve sharing prograin As a result, the 14 8% PRM requires a donnward 
adlustiiient Applying the 1 5%) RMRG reserve shaiiiig iiiipact estimated by Ven tp  for Public 
Service Company of Colorado results iii an adjusted PRM of 13 3?40 Rounding to 1  YO yields the 
PRM that PacifiCorp selected for its 2,011 IRP portfolio development 

- 
' Iieliaiice oii a one-in-ten loss of load criterioii is beiiig bolstered at the Federal level The Fcderal Energy 
IicgulatoI y Coiiiiiiissioii issued a Notice 01 I~roposetl liuleiiial\iiig i i i  October 20 10 approviiig a regioiial resource 
a(lequacl/ standard for Rcliabilit~~Ij,rst Corporation (RFC) baccrl oii a onc-in-ten loss 01 load criterion RFC is m e  of 
the iiiiic Norh  American Electric lieliability Corporation's electricity reliability councils. coiisistiiig 01 the kmier  
Mid-Atlantic Area Couiicil (MAAC). the East Central Area Coortliiiatioii Agreeiiieiit (ECAR). aiid the Mid- 
Americaii Iiitercoixiectcd Networl\ (MNN) 
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Based on the loss of load study a i d  ai out-of-rnodel plcvlniiig reserve margin adjustnient to 
reflect reliability benefits fioin the Northwest Power Pool‘s reserve sharing program, PacifiCorp 
selected a 13%) PRM for 201 1 IRP portfolio development PaciliCorp’s previous PRM was 12% 
This study incorporated a one-year snapshot of tlie transmission topology aid loads & iesources 
situation, targeting 2014 as the representative study year. Since the study focused on the PRM 
needed to meet firm load and sales obligations. it did riot incorporate tlie reliability benefits of 
accessing off-system generation wit11 lion-firm transmission capacity 

PacifiCorp will continue to evaluate the reliability impact of different resource iiiises using 
LOLP and Energy Not Served measures as part of its portfolio evaluation process 
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of Transmission Reliability Margiiz (‘TRM) to be allocated to tfic interfaces of the transmission 
systems o f  the three parties. 
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This paper, Understanding Cost-Effecfivenes,s of Energy Effkiencry Pro- 
grams, is provided to  assist utility regulators, gas and electric utilities, 
and others in nieeting the IO irnplernentation goals 0.f the National 
Action Plan .for Energy Efficiency’s Vision to  achieve all cost-effect.ive 
energy efficiency by 2025. 

This paper reviews the issues and approaches involved in considering 
and adopting cost-effectiveness tests for energy efficiency, including 
discussing each perspective represented by the five staridard cost- 
effectiveness tests and clarifying key terms. 

The intended audience for the paper is any stakeholder interested in 
learning more about how to evaluate energy efficiency through the use 
of cost-effectiveness tests. All s”rkeholders, including public utility corn- 
i-riissions, city councils, and utilities, can use this paper to understand 
the key issues and terminology, as well as the various perspectives each 
cost-effectiveness test. provides, and hovv the cost.-effectiveness tests 
can be implemented to  capture additional energy efficiency. 



The Leadership Group of the National Action Plan for Energy Efficiency is committed to taking 
action to increase investment in cost-effective energy efficiency. Understanding Cosf- 
Effectiveness of Energy Efficiency Programs: Best Practices, Technical Methods, and Emerging 
lssues for Policy-Makers was developed under the guidance of and with input from the 
Leadership Group. The document does not necessarily represent a consensus view and does 
not represent an endorsement by the organizations of Leadership Group members. 

Understanding Cost-Effectiveness of Energy Efficiency Programs: Best Practices, Technical 
Methods, and Emerging lssues for Policy-Makers is a product of the National Action Plan for 
Energy Efficiency and does not reflect the views, policies, or otherwise of the federal 
government. The role of the U.S. Department of Energy and U.S. Environmental Protection 
Agency is limited to facilitation of the Action Plan. 

If this document is referenced, it should be cited as: 

National Action Plan for Energy Efficiency (2008). Undersfanding Cost-Effectiveness of Energy 
Efficiency Programs.” Best Practices, Technical Methods, and Emerging lssues for Policy- 
Makers. Energy and Environmental Economics, Inc. and Regulatory Assistance Project. 
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AEO 
Btu 
CCGT 
CDM 
CEC 
CFL 
CO? 
DCR 
DOE 
DR 
DSM 
EPA 
GHG 
HP 
HVAC 
ICAP 
IOU 
IRP 
kW 
kWh 
LNG 
LSE 
MMBtu 
MW 
MWh 
NEBS 
NOx 
NPV 
NTG 
NWPCC 
NYSERDA 
PACT 
PCT 
PSE 
RIM 
ROE 
RPS 
SCE 
SCT 
SEER 
SOX 
T&D 
TOU 
TRC 
TWh 
UCAP 
UCT 
voc 
WACC 

Annual Energy Outlook 
British thermal unit 
combined cycle gas turbine 
conservation and demand management 
California Energy Commission 
compact fluorescent light bulb 
carbon dioxide 
debt-coverage ratio 
U.S. Department of Energy 
demand response 
demand-side management 
U . S , En v i ro n menta I Protection Agency 
greenhouse gas 
horsepower 
heating, ventilation, and air conditioning 
installed capacity 
investor-owned utility 
integrated resource planning 
kilowatt 
kilowatt-hour 
liquefied natural gas 
load serving entity 
million Btu 
megawatt 
megawatt-hour 
non-energy benefits 
nitrogen oxides 
net present value 
net-to-gross ratio 
Northwest Power and Conservation Council 
New York State Energy Research and Development Authority 
program administrator cost test (same as UCT) 
participant cost test 
Puget Sound Energy 
ratepayer impact measure test 
return on equity 
renewable portfolio standard 
Southern California Edison 
societal cost test 
Seasonal Energy Efficiency Ratio 
sulfur oxides 
transmission and distribution 
time of use 
total resource cost test 
terawatt-hour 
unforced capacity 
utility cost test (same as PACT) 
volatile organic compound 
weighted average cost of capital 
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Improving energy efficiency in our homes, businesses, schools, governments, and industries- 
which consume more than 70 percent of the natural gas and electricity used in the country-is 
one of the most constructive, cost-effective ways to address the challenges of high energy 
prices, energy security and independence, air pollution, and global climate change. Despite 
these benefits and the success of energy efficiency programs in some regions of the country, 
energy efficiency remains critically underutilized in the nation's energy portfolio. It is time to take 
advantage of more than two decades of experience with successful energy efficiency programs, 
broaden and expand these efforts, and capture the savings that energy efficiency offers 
Understanding energy efficiency cost-effectiveness tests and the various stakeholder 
perspectives each test represents is key to establishing the policy framework to capture these 
benefits. 

This paper has been developed to help parties pursue the key policy recommendations and 
implementation goals of the National Action Plan for Energy Efficiency. The Action Plan was 
released in July 2006 as a call to action to bring diverse stakeholders together at the national, 
regional, state, or utility level, as appropriate, and foster the discussions, decision-making, and 
commitments necessary to take investment in energy efficiency to a new level. This paper 
directly supports the National Action Plan's Vision for 2025 implementation goal three, which 
encourages state agencies along with key stakeholders to establish cost-effectiveness tests for 
energy efficiency. This goal highlights the policy step to establish a process to examine how to 
define cost-effective energy efficiency practices that capture the long-term resource value of 
energy efficiency. 

Evaluating the cost-effectiveness of energy efficiency is essential to identifying how much of our 
country's potential for energy efficiency resources will be captured. Based on studies, energy 
efficiency resources may be able to meet 50 percent or more of the expected load growth by 
2025 (National Action Plan for Energy Efficiency, 2008). Defining cost-effectiveness helps 
energy efficiency compete with the broad range of other resource options in order for energy 
efficiency to get the attention and funding necessary to succeed. 

In its simplest form, energy efficiency cost-effectiveness is measured by comparing the benefits 
of an investment with the costs. Five key cost-effectiveness tests have, with minor updates, 
been used for over 20 years as the principal approaches for energy efficiency program 
evaluation. These five cost-effectiveness tests are the participant cost test (PCT), the 
utilitylprogram administrator cost test (PACT), the ratepayer impact measure test (RIM), the 
total resource cost test (TRC), and the societal cost test (SCT). 

The key points from this paper include: 

:* There is no single best test for evaluating the cost-effectiveness of energy efficiency. 



u Each of the cost-effectiveness tests provides different information about the impacts of 
energy efficiency programs from distinct vantage points in the energy system logether, 
multiple tests provide a comprehensive approach. 

8 Jurisdictions seeking to increase efficiency implementation may choose to emphasize 
the PACT, which compares energy efficiency as a utility investment on a par with other 
resources. 

8 The most common primary measurement of energy efficiency cost-effectiveness is the 
TRC, followed closely by the SCT. A positive TRC result indicates that the program will 
produce a net reduction in energy costs in the utility service territory over the lifetime of 
the program. The distributional tests (PCT, PACT, and RIM) are then used to indicate 
how different stakeholders are affected. Historically, reliance on the RIM test has limited 
energy efficiency investment, as it is the most restrictive of the five cost-effectiveness 
tests. 

There are a number of choices in developing the costs and benefits of energy efficiency that can 
significantly affect the cost-effectiveness results. Several major choices available to utilities, 
analysts, and policy-makers are described below. 

e k;ilhere in the pr cess 18 apply the cost-eftectiu~eness lasts:: The choice of where to 
apply each cost-effectiveness test has a significant impact on the ultimate set of 
measures offered to customers. In general, there are three places to evaluate the cost- 
effectiveness test at the “measure” level, the “program” level, and the “portfolio” level 
Applying cost-effectiveness tests at the program or portfolio levels allows some non- 
cost-effective measures or programs to be offered as long as their shortfall is more than 
offset by cost-effective measures and programs. 

B Which benefits to inehde: There are two main categories of avoided costs: energy- 
related and capacity-related. Energy-related avoided costs refer to market prices of 
energy, fuel costs, natural gas commodity prices, and other variable costs. Capacity- 
related avoided costs refer to infrastructure investments such as power plants, 
transmission and distribution lines, and pipelines. From an environmental point of view, 
saving energy reduces air emissions, including greenhouse gases (GHGs). Within each 
of these categories, policy-makers must decide which specific benefits are sufficiently 
known and quantifiable to be included in the cost-effectiveness evaluation. 

o Net preseirat v.aleae and diseount rates: A significant driver of overall cost-effectiveness 
of energy efficiency is the discount rate assumption used to calculate the net present 
value (NPV) of the annual costs and benefits. Since costs typically occur upfront and 
savings occur over time, the lower the discount rate the more likely the cost- 
effectiveness result is to be positive. As each cost-effectiveness test portrays a specific 
stakeholder‘s view, each cost-effectiveness test should use the discount rate associated 
with its perspective. For a household, the consumer lending rate is used, since this is the 
debt cost that a private individual would pay to finance an energy efficiency investment. 
For a business firm, the discount rate is the firm’s weighted average cost of capital, 
typically in the 10 to 12 percent range. However, commercial and industrial customers 
often demand payback periods of two years or less, implying a discount rate well in 
excess of 20 percent. The PACT, RIM, and TRC should reflect the utility weighted 
average cost of capital. The social discount rate (typically the lowest rate) should be 
used for the SCT to reflect the benefit to society over the long term 
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e N@t-Lo-grsss ratio (NTG]: The NTG can be a significant driver in the results of TRC, 
PACT, RIM, and SCT. The NTG adjusts the impacts of the programs so that they only 
reflect those energy efficiency gains that are the result of the energy efficiency program. 
Therefore, the NTG deducts energy savings that would have been achieved without the 
efficiency program (e.g , “free-riders”) and increases savings for any “spillover” effect 
that occurs as an indirect result of the program. Since the NTG attempts to measure 
what customers would have done in the absence of the energy efficiency program, it can 
be difficult to determine precisely 

e Nan-energy benefits (NEB%): Energy efficiency measures often have additional 
benefits (and costs) beyond energy savings, such as improved comfort, productivity, 
health, convenience and aesthetics. However, these benefits can be difficult to quantify. 
Some jurisdictions choose to include NEBS and costs in some of the cost-effectiveness 
tests, often focusing on specific issues emphasized in state policy. 

CWG ernfssisns: There is increasing interest in valuing the energy efficiency’s effect on 
reducing GHG emissions in the cost-effectiveness tests. The first step is to determine 
the quantity of avoided carbon dioxide (C02) emissions from the efficiency program. 
Once the amount of CQ2 reductions has been determined, its economic value can be 
calculated and added to the net benefits of the energy efficiency measures used to 
achieve the reductions. Currently, some jurisdictions use an explicit monetary C 0 2  value 
in cost-benefit calculations and some do not. 

B Renewable psrtbIio standards (RPS): The interdependence between energy 
efficiency and RPS goals is an emerging issue in energy efficiency. Unlike supply-side 
investments, energy efficiency, by reducing load, can reduce the amount of renewable 
energy that must be procured pursuant to RPS targets. This reduces RPS compliance 
cost, which is a benefit that should be considered in energy efficiency cost-effectiveness 
evaluation I 
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Improving the energy efficiency of homes, businesses, schools, governments, and industries-- 
which consume more than 70 percent of the natural gas and electricity used in the United 
States-is one of the most constructive, cost-effective ways to address the challenges of high 
energy prices, energy security and independence, air pollution, and global climate change. 
Mining this efficiency could help us meet on the order of 50 percent or more of the expected 
growth in U.S. consumption of electricity and natural gas in the coming decades, yielding many 
billions of dollars in saved energy bills and avoiding significant emissions of greenhouse gases 
and other air pollutants. ' 
Recognizing this large opportunity, more than 60 leading organizations representing diverse 
stakeholders from across the country joined together to develop the National Action Plan for 
Energy Efficiency. The Action Plan identifies many of the key barriers contributing to 
underinvestment in energy efficiency; outlines five policy recommendations for achieving all 
cost-effective energy efficiency; and offers a wealth of resources and tools for parties to 
advance these recommendations, including a Vision for 2025. As of November 2008, over 120 
organizations have endorsed the Action Plan recommendations and made public commitments 
to implement them in their areas. Establishing cost-effectiveness tests for energy efficiency 
investments is key to making the Action Plan a reality. 

The question of how to define the cost-effectiveness of energy efficiency investments is a critical 
issue to address when advancing energy efficiency as a key resource in meeting future energy 
needs. How cost-effectiveness is defined substantially affects how much of our nation's 
efficiency potential will be accessed and whether consumers will benefit from the lower energy 
costs and environmental impacts that would result. The decisions on how to define cost- 
effectiveness or which tests to use are largely made by state utility commissions and their 
utilities, and with critical input from consumers and other stakeholders. This paper is provided to 
help facilitate these discussions. 

Cost-effectiveness in its simplest form is a measure of whether an investment's benefits exceed 
its costs. Key differences among the cost,-effectiveness tests that are currently used include the 
following: 

-* , 
9 s"!at?hokkr pe:%petAlve SS the 'lest. Is it from the perspective of an energy 

efficiency program participant, the organization offering the energy efficiency program, a 
non-participating ratepayer, or society in general? Each of these perspectives represents 
a valid viewpoint and has a role in assessing energy efficiency programs. 

.*- 
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energy use, incentives for energy efficiency, avoided need for new generation and new 
transmission and distribution, and avoided environmental impacts? 



The five cost-effectiveness tests commonly used across the country are listed below: 

c) Participant cost test (PCT). 
e Program administrator cost test (PACT)? 

Ratepayer impact measure test (RIM). 
Total resource cost test (TRC). 

0 Societal cost test (SCT). 

These cost-effectiveness tests are used differently in different states. Some states require all of 
the tests, some require no specific tests, and others designate a primary test. Table 1-1 
provides a quick overview of which tests are used in which states. Chapter 5 presents more 
information and guidelines on the use of the cost-effectiveness tests by the states. 

This paper examines the five standard cost- 
effectiveness tests that are regularly used to 
assess the cost-effectiveness of energy efficiency, 
the perspectives each test represents, and how 
states are currently using the tests. It also 
discusses how the tests can be used to provide a 
more comprehensive picture of the cost- 
effectiveness of energy efficiency as a resource. 
Use of a single cost-effectiveness test as a 
primary cost-effectiveness test may lead to an 
efficiency portfolio that does not balance the 
benefits and costs between stakeholder 
perspectives. Overall, using all five cost- 
effectiveness tests provides a more comprehensive picture than using any one test alone. 

This paper was prepared in response to a need identified by the Action Plan Leadership Group 
(see Appendix A) for a practical discussion of the key considerations and technical terms 
involved in defining cost-effectiveness and establishing which cost-effectiveness tests to use in 
developing an energy efficiency program portfolio. The Leadership Group offers this reference 
to program designers and policy-makers who are involved in adopting and implementing cost- 
effectiveness tests for evaluating efficiency investments. 



This paper supports the National Action Plan for Energy Efficiency Vision for 2025: A 
Framework for Change (National Action Plan for Energy Efficiency, 2008). This Vision 
establishes a long-term aspirational goal to achieve all cost-effective energy efficiency by 2025 
and outlines 10 goals for implementing the Leadership Group's recommendations (see Figure 1- 
1). This paper directly supports the Vision's third implementation goal, which encourages states 
and key stakeholders to establish cost-effectiveness tests for energy efficiency. This goal 
encourages applicable state agencies, along with key stakeholders, to establish a process to 
examine how to define cost-effective energy efficiency practices that capture the long-term 
resource value of energy efficiency. 

This paper walks the reader through the basics of cost-effectiveness tests and the perspectives 
they represent, issues in determining the costs and benefits to include in the cost-effectiveness 
tests, emerging issues, how states are currently using cost-effectiveness tests, and guidelines 
for policy-ma ke rs. 

The key chapters of the paper are the following: 

'*> n I I 
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applkatian in four utility best practice programs 
This chapter discusses the five standard cost-effectiveness tests and their 

4 - 9  This chapter briefly describes the interpretation of each test and presents a 
calculation of each cost-effectiveness test using an example residential program from 
Southern California Edison 



a p :+ ,e< :r <* 
L 3 ~ ! a + # ~ : &  4. This chapter presents the key factors and issues in the determination of an 
energy efficiency program's cost-effectiveness. It also discusses key emerging issues 
that are shaping energy efficiency programs, including the impact greenhouse gas 
(GHG) reduction targets and renewable portfolio standards (RPS) may have on energy 
efficiency programs. 

, .-11 ,*-F+~W R r i  fi< 3. This chapter gives guidelines and examples for policy-makers to consider 
when choosing which cost-effectiveness test(s) to emphasize, and summarizes of the 
use of the cost -effectiveness tests in each state 

G CXx~phst 5, This chapter describes the calculation of each cost-effectiveness test in 
detail, as well as the key considerations when reviewing and using cost-effectiveness 
tests and the pros and cons of each test in relation to increased efficiency investment 

~ p* vi. f ~ s + ~ 8 d ~ o p L  ib*, 0 ?? & ; 'li f-+ This chapter gives further detail on the four example programs included in J 

Chapter 2. It also describes how the cost-effectiveness test results were calculated for 
each program. 

Undersfanding Cosf-Effecfiveness of Energy Efficiency Programs is a product of the Year Three 
Work Plan for the National Action Plan for Energy Efficiency. With direction and comment by the 
Action Plan Leadership Group (see Appendix A for a list of group members), the paper's 
development was led by Snuller Price, Eric Cutter, and Rebecca Ghanadan of Energy and 
Environmental Economics, Inc., under contract to the U.S. Environmental Protection Agency 
and the U.S. Department of Energy. Chapter 5 was authored by Rich Sedano and Brenda 
Hausauer of the Regulatory Assistance Project, under contract to the U.S. Department of 
Energy. 

See the National Action Plan for Energy Efficiency Vision for 2025 A Framework for Change (National 
Action Plan for Energy Efficiency, 2008) 

The program administrator cost test, or PACT, was originally named the utility cost test (UCT) As 
program management has expanded to government agencies, nonprofit groups, and other parties, the 
term "program administrator cost test" has come into use, but the computations are the same This 
document refers to the UCTlPACT as the "PACT" for simplicity See Section 6 2 for more information 
on the test 
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Each of the tests provides a different kind of information about the impacts of energy efficiency 
programs from different vantage points in the energy system. On its own, each test provides a 
single stakeholder perspective. Together, multiple tests provide a comprehensive approach for 
asking: Is the program effective overall? Is it balanced? Are some costs or incentives too high or 
too low? What is the effect on rates? What adjustments are needed to improve the alignment? 
Each test contributes one of the aspects necessary to understanding these questions and 
answering them. 

The basic structure of each cost-effectiveness test involves a calculation of the total benefits 
and the total costs in dollar terms from a certain vantage point to determine whether or not the 
overall benefits exceed the costs. A test is positive if the benefit-to-cost ratio is greater than one, 
and negative if it is less than one. Results are reported either in net present value (NPV) dollars 
(method by difference) or as a ratio (i.e., benefitskosts). Table 2-1 outlines the basic approach 
underlying cost-effectiveness tests. 



Currently, five key tests are used to compare the costs and benefits of energy efficiency and 
demand response programs. These tests all originated in California. In 1974, the Warren Alquist 
Act established the California Energy Commission (CEC) and specified cost-effectiveness as a 
leading resource planning principle. In 1983, California’s Sfandard Practice for Cosf-Benefif 
Analysis of Consewafion and Load Management Programs manual developed five cost- 
effectiveness tests for evaluating energy efficiency programs. These approaches, with minor 
updates, continue to be used today and are the principal approaches used for evaluating energy 
efficiency programs across the United States. ’ 
Table 2-2 summarizes the five tests in terms of the questions they help answer and the key 
elements of the comparison. 

Illustrating cost-effectiveness test calculations, Table 2-3 shows benefit-cost ratio results from 
four successful energy efficiency programs from across the country.2 The Southern California 
Edison (SCE) Residential Energy Efficiency Incentive Program provides customer incentives for 
efficient lighting and appliances. Avista’s results are for its Regular Income Portfolio, which 
includes a variety of programs targeted to residential users. Puget Sound Energy’s 
Commercial/lndustriaI Retrofit Program encourages commercial customers to install cost- and 
energy-efficient equipment, adopt energy-efficient designs, and use energy-efficient operations 



at their facilities. Finally, the National Grid's MassSAVE residential program provides residential 
in-home audits and incentives for comprehensive whole-house improvements. 

All the programs presented have been determined to be cost-effective by the relevant utilities3 
and regulators. Nevertheless, the results of the five cost-effectiveness tests vary significantly for 
each program. Furthermore, the result of each cost-effectiveness test across the four programs 
is also quite different. (Puget Sound Energy is the only utility for which all five cost-effectiveness 
tests are positive.) The test results show a range of values that reflect the program designs and 
the individual choices made by the program administrators and policy-makers for their 
evaluation. As later chapters discuss, both the individual tests and the relationships between 
test results offer useful information for assessing programs. 

-effectiveness test depends on the policy goals 
I Multiple tests yield a more comprehensive ass 

' The California standard practice manual was first developed in February 1983 It was later revised and 
updated in 1987-88 and 2001, a Correction Memo was issued in 2007. The 2001 California SPM and 
2007 Correction Memo can be found at 
'! > 

The cost-effectiveness test results of each program are described further in Appendix C 

"Utility" refers to any organization that delivers electric and gas utility services to end users, including 
investor-awned, cooperatively owned, and publicly owned utilities 

3 



Overall, the results of all five cost-effectiveness tests provide a more comprehensive picture 
than the use of any one test alone. The TRC and SCT cost tests help to answer whether energy 
efficiency is cost-effective overall. The PCT, PACT, and RIM help to answer whether the 
selection of measures and design of the program is balanced from participant, utility, and non- 
participant perspectives respectively. Looking at the cost-effectiveness tests together helps to 
characterize the attributes of a program or measure to enable decision making, to determine 
whether some measures or programs are too costly, whether some costs or incentives are too 
high or too low, and what adjustments need to be made to improve distribution of costs and 
benefits among stakeholders. The scope of the benefit and cost components included in each 
test is summarized in Table 3-1 and Table 3-2. 

The broad categories of costs and benefits included in each cost-effectiveness test are 
consistent across all regions and applications. However, the specific components included in 
each test may vary across different regions, market structures, and utility types. Transmission 
and distribution investment may be considered deferrable through energy efficiency in some 
areas and not in others. Likewise, the TRC and SCT may consider just natural gas or electricity 
resource savings in some cases, but also include co-benefits of other savings streams (such as 
water and fuel oil) in others. Considerations regarding the application of each cost-effectiveness 
test and which cost and benefit components to include are the subject of Chapter 5. 

The Southern California Edison (SCE) Residential Energy Efficiency Incentive Program 
provides customer incentives for efficient lighting and appliances (not including HVAC). It is part 
of a statewide mass market efficiency program that coordinates marketing and outreach efforts. 
This section summarizes how to calculate cost-effectiveness for each cost-effectiveness test 
using the SCE Residential Energy Efficiency Incentive Program as an example. Calculations for 
three additional programs from other utilities are evaluated in Appendix C. 
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Incremental equipment costs 
Incremental installation costs 
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rfy implemenfing fhe program 
rogram overhead costs 

Uti I i t y/ p r o g ram ad mini st ra t o r 
incentive costs 
Utility/program administrator 
installation costs 

y, including generation, transmission, 

of efficiency measure on non-parficipafing rafepayers overall 
ergy-related costs avoided by the utility 
pacity-related costs avoided by the 
lity, including generation, transmission, 

Program overhead costs 
Utility/program administrator 
incentive costs 
Utility/program administrator 
instal lati on costs 
Lost revenue due to reduced 
energy bills 

Benefits and costs from fhe perspecfive of all utilify cusfomers (participants and non- 
participanfs) in the ufilify service ferritory 

Energy-related costs avoided by the utility 
Capacity-related costs avoided by the 
utility, including generation, transmission, 
and distribution 
Additional resource savings (i.e , gas and 
water if utility is electric) 
Monetized environmental and non-energy 
benefits (see Section 4 9) 
Applicable tax credits (see Section 6.4) 

Energy-related costs avoided by the utility 
Capacity-related costs avoided by the 
utility, including generation, transmission, 
and distribution 
Additional resource savings (Le., gas and 
water if utility is electric) 
Non-monetized benefits (and costs) such 
as cleaner air or health impacts 

Program overhead costs 
Program installation costs 
Incremental measure costs 
(whether paid by the customer or 
uti I i t y) 

enefits and costs fo all in fhe ufilify service ferrifory, sfate, or nafion as a whole 
Program overhead costs 
Program installation costs 
incremental measure costs 
(whether paid by the customer or 



The SCE Residential Energy Efficiency Incentive Program resulted in costs of: 

+ $3.5 million in administration and marketing for SCE. 
$1 5 5 million in customer incentives, direct installation, and upstream payments 
combined for SCE. 
$41 1 million in measure installation costs for customers (before incentives). $3 

The reduced energy consumption achieved as a result of the program resulted in: 

0 

0 

0 

$188 million in avoided cost savings to the utility. 
$278 million in bill savings to the customers (and reduced revenue to SCE). 
Reduced nitrogen oxides (NO,), PMlo,' and carbon dioxide (CO?) emissions. 

The costs and savings are presented on a "net" basis, after the application of the net-to-gross 
ratio (NTG). The determination of the NTG is described in Section 4.7. The benefits and costs of 
the SCE program are presented in Table 3-3 and Table 3-4. Together, these two tables provide 
the key parameters for employing individual cost-effectiveness tests, as well as the calculations 
leading to each test are discussed in turn. 



... . 

The results of each of the five cost-effectiveness tests for 2006 (based on the information in the 
fourth quarter 2006 SCE filing) are presented in Table 3-5* A first level assessment shows that 
the SCE program is very cost-effective for the participant (PCT), the utility (PACT), and the 
region as a whole (TRC). The program will reduce average energy bills, and a RIM below 1.0 
suggests that the program will increase customer rates. Greater detail on the application of each 
of these cost-effectiveness tests is provided below. 



The PCT assesses the costs and benefits from the perspective of the customer installing the 
measure. Overall, customers received $294 million in benefits (derived from utility program 
incentives and bill savings from reduced energy use). The incremental costs to customers were 
$41 million. This yields an overall net benefit of $252 million and a benefit-cost ratio of 7.14 The 
PCT shows that bill savings are seven times customer costs-a cost-effective program for the 
participant PCT calculation terms from the SCE program data are presented in Table 3-6. 



The PACT calculates the costs and benefits of the program from the perspective of SCE as the 
utility implementing the program. SCE's avoided costs of energy are $188 million (energy 
savings). Overhead and incentive costs to SCE are $19 million. These figures yield an overall 
net benefit of $969 million and a benefit-to-cost ratio of 9.91. The PACT result shows that the 
value of saved energy is nearly 10 times greater than the program cost: high cost-effectiveness 
from the perspective of the utility's administration of the program. Table 3-7 shows the 
breakdown of costs and benefits yielding the positive PACT result. 

The RIM examines the potential impact the energy efficiency program has on rates overall. The 
net benefits are the avoided cost of energy (same as PACT). 'The net costs include the 
overhead and incentive costs (same as PACT), but also include utility lost revenues from 
customer bill savings. The result of the SCE program is a loss of $109 million and a benefit-to- 
cost ratio of 0.63. This result suggests that, all other things being equal, the hypothetical impact 
of the program on rates would be for rates to increase. However, in practice, non-participants 
are unaffected until rates are adjusted through a rate case or a decoupling mechanism. In the 
long term, energy efficiency may reduce the capacity needs of the system; this can lead to 
either higher or lower rates to non-participants depending on the level of capital costs saved. 
Energy efficiency can be a lower-cost investment than other supply-side resources to meet 
customer demand, thereby keeping rates lower than they otherwise would be. (This is 
discussed in more detail in Section 3.2.2.) Thus it is important to recognize the RIM as 
examining the potential impacts on rates, but also recognizing that a negative RIM does not 
necessarily mean that rates will actually increase. Section 6.3 discusses impacts over time in 
greater detail. Table 3-8 breaks down the costs and benefits included in the RIM. 



'The TRC reflects the total benefits and costs to all customers (participants and non-participants) 
in the SCE service territory. The key difference between the TRC and the PACT is that the 
former does not include program incentives, which are considered zero net transfers in a 
regional perspective (Le., costs to the utility and benefits to the customers). Instead, the TRC 
includes the net measure costs of $41 million. Net benefits in the TRC are the avoided costs of 
energy, $188 million. The regional perspective yields an overall benefit of $143 million and a 
benefit-to-cost ratio of 4.21. In California, the TRC includes an adder that internalizes the 
benefits of avoiding the emission of NO,, CO,, sulfur oxides (SO,), and volatile organic 
compounds (VOCs). The adder is incorporated into energy savings (and not broken out as a 
separate ~ategory).~ In many jurisdictions, the avoided costs are based on a market price that is 
presumed to implicitly include emissions permit costs and an explicit calculation of permit costs 
for regulated emissions is not made. The TRC shows that overall benefits are four times greater 
than total costs (a lower benefits-to-cost ratio than the PACT and PCT, but still positive overall). 
Table 3-9 shows the costs and benefits included in the TRC calculation. 



In California, the avoided costs of emissions are included directly in energy savings. These 
benefits are included in both TRC and SCT values, and as a result, their test outputs are the 
same (see Table 3-10). 



Cost-effectiveness tests can be applied at different points in the design of the energy efficiency 
portfolio, and the choice of when to apply each cost-effectiveness test has a significant impact 
on the ultimate set of measures offered to customers. In general, there are three places to 
evaluate the cost-effectiveness test: the “measure” level, the “program” level, and at the 
“portfolio” level. Evaluating cost-effectiveness at the measure level means that each individual 
component of a utility program must be cost-effective. Evaluation at the utility program level 
means that collectively the measures under a program must be cost-effective, but some 
measures can be uneconomical if there are other measures that more than make up for them. 
Evaluating cost-effectiveness at the portfolio level means that all of the programs taken together 
must be cost-effective, but individual programs can be positive or negative. Figure 3-1 illustrates 
a hypothetical portfolio in which cost-effectiveness is evaluated at the portfolio level, allowing 
some measures and programs that are not cost-effective even as the overall portfolio remains 
positive. If cost-effectiveness were evaluated at a measure level, those measures in red-the 
low-income program--could be eliminated as not cost-effective and would not be offered to 
customers. 



Applying cost-effectiveness tests at the measure level is the most restrictive. With this 
approach, the analyst or policy-maker is explicitly or implicitly emphasizing the cost- 
effectiveness rather than the total energy savings of the efficiency portfolio. In contrast, applying 
cost-effectiveness tests at the portfolio level allows utilities greater flexibility to experiment with 
different strategies and technologies and results in greater overall energy savings, though at the 
expense of a less cost-effective portfolio overall. California applies the cost-effectiveness tests 
at the portfolio level specifically to allow and encourage the implementation of emerging 
technology and market transformation programs that promote important policy goals but do not 
themselves pass the TRC or PCT. 

Strictly applying cost-effectiveness at the measure or even the program level can often result in 
the need for specific exceptions. At the measure level, variations in climate, building vintage, 
building type and end use may affect the cost-effectiveness of a measure. For marketing clarity, 
a rebate might be provided service-territory-wide even if some eligible climate zones and 
customer types are not cost-effective since differentiating among customer types may 
complicate the advertising message and make the program less effective (the program 
designers make sure the measure is cost-effective overall). At the program level, some 
programs-such as low-income programs-generally need higher incentive levels and 
marketing focus and may not be cost-effective, but are desired in the overall portfolio for social 
equity and other policy reasons. Similarly, some programs, such as those for emerging 
technologies or Home Performance with ENERGY STAR, ramp up slowly over time and 
typically do not achieve cost-effectiveness within the first three years, but do provide energy 
efficiency benefits. Also, the program and portfolio approaches make it easier to include 
supporting programs such as informational campaigns that raise overall awareness and 
complement other programs, but may not be cost-effective on a stand-alone basis. 

Summing up the benefits of multiple measures at the program level may require some 
adjustment for what are known as “interactive effects” between related measures. Interactive 
effects occur when multiple measures installed together affect each other’s impacts. When 
measures affect the same end use, their combined effect when implemented together may be 
less than the sum of each measure’s individually estimated impact. An insulation and air 
conditioning measure may each save 500 kilowatt-hours (kWh) individually, but less than 1,000 
kWh when installed together Alternatively, some measures may have additional benefits when 
other end uses are also present (i.e., “interactive effects”). For example, replacing incandescent 
bulbs with compact fluorescent light bulbs (CFLs) also reduces cooling loads in buildings with 
air conditioning. 

Cost-effectiveness tests are evaluated on a life-cycle basis; however, they do not show the way 
impacts vary or adjust over time. As a result, it is important to recognize the ways in which 
program impacts may vary over time in order ta properly interpret cost-effectiveness test results. 
For example, the RIM estimates the impact of the energy efficiency program on non- 
participants. Yet non-participants are actually unaffected until rates are adjusted through a rate 
case or a decoupling mechanism. Figure 3-2 illustrates the distributional impacts on the 
participant, non-participant, and utility over time in the common test-result case where energy 
efficiency has a PCT above 1 and a RIM below 1 .4  

Consider thiee time periods from the point at which the energy efficiency measure is first 
installed: the short term, medium term, and long term. The short term is defined as the period 
between installing the energy efficiency and adjusting the rate levels. l h e  medium term begins 



once rates are adjusted and lasts until the change in energy efficiency results in an adjustment 
to the capital plan. The long term begins once the capital expansion plan has been changed 

Install EE Adjust Rates Adjust Capital Expansion Plan 
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From a participant perspective, because the PCT is above 1 .O, the participant is better off once 
an investment in energy efficiency is made, as the utility bill is lower than it would have been 
throughout the time horizon. In the short term, the non-participant is indifferent since rates have 
not been a d j ~ s t e d . ~  However, because the RIM is below 1.0, the utility is saving less than the 
drop in revenue from the participant and will therefore have lower return on equity (ROE), or 
debt-coverage ratio (DCR) for a public utility, compared to the case without energy efficiency. 
Note that for utilities with decoupling mechanisms or annual fuel cost adjustments, some or all 
of the rate impact may be felt before the next regular rate case cycle. 

In the medium term, rates will be increased to hit the target ROE or DCR and the utility will be 
indifferent to the energy efficiency. This rate increase, however, affects the non-participating 
customers who have the same consumption as they otherwise would have, but now face higher 
rates. Finally, in the long term, energy efficiency may reduce the capacity needs of the system, 
as the capital expansion requirements of the utility are reduced. The long-term rate impact will 
depend on the level of fixed capital costs included in the avoided costs to value the energy 
savings. If the avoided costs include the long-term capacity cost savings realized through 
energy efficiency, a RIM ratio below 1.0 would indicate that rates will be higher in the long term. 
In many cases, however, avoided costs are based primarily on market prices, which tend to 
represent a short-term view. Thus, it may be that energy efficiency will meet load growth at a 
lower cost than that of alternative utility investments, and rates will be lower than they otherwise 
would have been even if the RIM ratio is below 1.0. To the extent that less capital is needed, 
earnings will be lower for the utility since the utility will be smaller relative to the no-efficiency 
case However, ROE or DCR will be unchanged in the long term since rates will be adjusted 
periodically based on the target ROE or DCR. 
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PMIO is particulate matter with an aerodynamic diameter less than or equal to a nominal I O  
micrometers 

Calculations of the cost tests were made by the paper's authors using a simplified analysis tool This 
serves to illustrate the concepts, but may not match exactly what each utility has reported based on 
their own analysis 

The inclusion of the environmental adder in the TRC is an effort to directly internalize the externalities 
of environmental impacts into California's primary cost test, which is the TRC (see Section 5 1 1) 

More detailed analysis of impacts over time can be evaluated with the National Action Plan for Energy 
Efficiency's Energy Efficiency Benefits Calculator, using a set of assumptions that can be modified to 
fit a particular utility See 
' = ~ ~ ~ . ! ~ ~ ~ ~ ~ ~ D a ~ o v / c l e a  nene rq vie ne rciy-,proq ra t ~ i s l n a p e e l r e s o u r ~ ~ ~ ~ ~ ~ ~ ~ ~ " ~ ! ! >  

If the load forecasts used in rate-making are adjusted to reflect projected efficiency savings, rates may 
increase in the short term as well 



Issues covered in this chapter include: 

Which benefits to include in each cost-effectiveness test. 
Whether to emphasize accuracy or transparency. 
Which methodology to use to forecast future benefits of energy and capacity savings. 
What time period to consider when assessing costs and benefits. 
Whether to determine demand- and supply-side resource requirements in the same 
an a I y s i s (t r ue ” in t e g rated re sou r ce p I a n n in g ” ) 
Whether to use a public, non-proprietary data set to develop the benefits, or rely on 
proprietary forecasts and estimates. 
Which discount rates to use in NPV analysis. 
Whether to incorporate non-energy benefits (NEBS) and costs in the calculation. 
What NTG to use. 
Whether to include C02 emissions reductions in the analysis. 
Whether to include RPS procurement costs in the analysis. 

Ultimately, the types of costs, benefits, and methodology used depend on the policy goals. This 
chapter outlines the key terms that will need to be addressed in weighing and evaluating 
efficiency programs. It also provides a discussion of key factors in applying cost-effectiveness 
test terms. 

The typical approach for quantifying the benefits of energy efficiency is to forecast long-term 
“avoided costs,” defined as costs that would have been spent if the energy efficiency savings 
measure had not been put in place. For example, if an electric distribution utility expects to 
purchase energy at a cost of $70 per megawatt-hour (MWh) on behalf of customers, then 
$70/MWh is the value of reduced purchases from energy efficiency. In addition, the utility may 
not have to purchase as much system capacity (ICAP or UCAP),’ make as many upgrades to 
distribution or transmission systems, buy as many emissions offsets, or incur as many other 
costs. All such cost savings resulting from efficiency are directly counted as “avoided cost” 
benefits. In addition to the directly counted benefits, the state regulatory commission or 
governing councils may request that the utility account for indirect cost savings that are not 
priced by the market (e.g., reduced C 0 2  emissions). For additional information on avoided 
costs, refer to the National Action Plan’s Guide fo Resource Planning with Energy Efficiency 
(National Action Plan for Energy Efficiency, 2007b [Chapter 21). 
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There are two main categories of avoided costs: energy-related and capacity-related avoided 
costs. Energy-related avoided costs involve market prices of energy, losses, natural gas 
commodity prices, and other benefits associated with energy production such as reduced air 
emissions and water usage. Capacity-related avoided costs involve infrastructure investments 
such as power plants, transmission and distribution lines, pipelines, and liquefied natural gas 
(LNG) terminals. Environmental benefits make up a third category of benefits that are frequently 
included in avoided costs. Saving energy reduces air emissions including GHGs, and saving 
capacity addresses land use and siting issues such as new transmission corridors and power 
plants. 

Table 4-1 lists the range of avoided cost components that may be included in avoided cost 
benefits calculations for electricity and natural gas energy efficiency programs. The most 
commonly included components (and which comprise the majority of avoided costs) for electric 
utilities are both energy and capacity. Natural gas utilities will typically include energy and may 
or may not include the capacity savings.* Depending on the utility and the focus of the state 
regulatory commission or governing council, others may also be included. 

Gas 



Most states select a subset to analyze from within this “universe” of benefits when evaluating 
energy efficiency. No state considers them all. The most important factor in choosing the 
components is to inform the decisions on energy efficiency given the policy backdrop and 
situation of the state. As an example of how calculations may be adopted to specific conditions, 
California chose to include market price reduction effects in evaluating energy efficiency 
programs during the California Energy Crisis. Similarly, large capital projects such as LNG 
terminals or power plants, or a focus on GHGs or local environment, might lead to emphasizing 
these components over others. There may be diminishing value to detailed analysis of small 
components of the avoided cost that will not change the fundamental decisions. 

Within the avoided cost framework, there are many ways to estimate the benefits. The approach 
may be as simple as estimating the fixed and variable costs of displaced generation and using 
them as the avoided costs (as is done in Texas). An alternative approach is to use a more 
sophisticated integrated resource planning (IRP) approach that simultaneously evaluates both 
supply- and demand-side investments. This IRP analysis may include a simulation of the utility 
system with representation of all of the generation, transmission constraints, and loads over 
time (for example, see the Northwest Power Planning and Conservation Council tjth Power 
Plan3 or PacifiCorp Integrated Resource Planning4). This requires a much more complex set of 
analysis tools, but provides more information on the right timing, desired quantity, and value of 
energy efficiency with respect to the existing utility system and its expected future loads. 

In general, more sophisticated and accurate estimates of benefits are better. However, other 
considerations include the following: 

o 
~~~~~~~~~~~~~ of resources needed to complete the analysis and stakeholders’ review 
before adoption may be a problem in states without intervener compensation. 

Time taken to 4: 
implementation of energy efficiency. The regulatory landscape in many states is littered 
with IRP proceedings that are contentious and have taken years to complete. 

8 mglate the analysis with sophisticated IRP approaches could delay 

0 
~~~~~~~~~~~~ sf “8362 a proacli to a broad set of stakeholders is also valued and may 
be easier to achieve without sophisticated models to achieve broader support. 

Depending on the utility type and market structure in a region, there are a number of 
methodology options for developing avoided natural gas and electricity costs. The first approach 
is to use forward and futures market data, which are publicly available and transparent to all 
stakeholders. However, energy efficiency is likely to have a life longer than available market 
prices, and a supplemental approach will also be needed to estimate long-term costs. 

The second approach is to use public or private long-run forecast of electricity and natural gas 
costs, such as those produced by the Department of Energy’s Energy Information Agency and 
many state agencies (utilities participating in wholesale markets will also have proprietary 
forward market forecasts to inform trading activities). 
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The third approach is to develop simple long run estimates of future electricity value by 
choosing a typical “marginal resource” such as a combined cycle natural gas plant and 
forecasting its variable costs into the future. A more sophisticated variation would be to 
incorporate production simulation modeling of the electricity system into this analysis. Overall, it 
is important to understand the underlying assumptions of the forecasting approach and assess 
whether or not these assumptions are appropriate for the intended purpose. Table 4-2 
summarizes avoided costs approaches by utility type and each is described in more detail 
below 

d Enargy and Capacity cost 

For utilities that are tightly integrated into the wholesale energy market, forward market prices 
provide a good basis for establishing avoided costs. If the utility is buying electricity, energy 
efficiency reduces the need to purchase electricity. If the utility can sell excess electricity, 
energy savings enables additional sales, resulting in incremental revenue. In either case, the 
market price is the per kWh value of energy efficiency. Forward market electricity prices are 
publicly available through services such as Platt’s “Megawatt Daily,” which surveys wholesale 
electricity brokers. This data is typically available extending three or four years into the future 
depending on the market. 

The market price is also a good approach for natural gas utilities. The NYMEX futures market 
for natural gas provides market prices as far as 12 years in advance by month.5 The market 
currently has active trading daily over the next three to five years. The NYMEX market also 
includes basis swaps that provide the price difference between Henry Hub and most delivery 
points in the United States.‘ Some analysts hesitate to use market data such as NYMEX 
beyond the period of active trading for fear that low volume of trading creates liquidity problems 
and prices that are not meaningful. While more liquid markets provide more rigor in the prices, 
the less liquid long-term markets are still available for trading and are therefore unbiased 
estimates of future market prices and may still be the best source of data. 

Market prices provide a relatively simple, transparent, and readily accessible basis for 
quantifying avoided costs. On the other hand, market prices tend to be influenced primarily by 
current market conditions and variable operating costs, particularly in the near term. Market 
prices alone may not adequately represent long-term and/or fixed operating costs. The 
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production simulation and proxy plant approaches described below provide alternative 
approaches that address long-term fixed costs. 

For self-resourced electric utilities that do not have wholesale market access or actively trade 
electricity, a “prodiiction simulation” forecast may be the best approach to forecast energy costs. 
A production simulation model is a software tool that performs system dispatch decisions to 
serve load at least cost, subject to constraints of transmission system, air permitting, and other 
operational parameters. The operating cost of the “marginal unit” in each hour or time period is 
used to establish the avoided cost of energy. ’The downside of production simulation models is 
that they are complex, rely on sophisticated algorithms that can appear as a “black box” to 
stakeholders, and have to be updated when market prices of inputs such as natural gas change. 
In addition, these types of models can have difficulty predicting market prices since the marginal 
energy cost is based on production cost, rather than supply and demand interactions in a 
competitive electricity market. If production simulation produces prices that differ from those 
actually seen in the market, energy efficiency can end up facing a cost hurdle that differs from 
the hurdles faced by supply-side resources. Long-term natural gas forecasts also often rely on 
production simulation to model regional supply, demand, and transportation dynamics and 
estimate the equilibrium market prices. 

Developing a “proxy plant” is an alternative to production simulation approaches and may be 
used when market data is not available or appropriate. Under this approach, a fixed hypothetical 
plant is used as a proxy for the resources that will be built to meet incremental Selecting 
the proxy-plant, the construction costs, financial assumptions, and operating characteristics are 
all assessed from its characteristics. As an example, the variable costs of a combined cycle 
natural gas plant may be used as a proxy for energy costs. The annual fixed cost of a 
combustion turbine may be used as a proxy for capacity costs. Several methods can be used to 
allocate fixed costs, adjust the variable operating costs, or otherwise shape the costs of the 
plant(s) across different time-of-use (TOU) periods. These methods include applying market 
price or system load shapes, loss of load probabilities, or marginal heat rates to vary prices by 
TQU. Another commonly used method is the peaker methodology, which uses an allocation of 
the capacity costs associated with peaking resources (typically combustion turbines) and the 
marginal system energy cost by hour (system lambda) to estimate avoided electricity costs in 
each hour or TOU period. These costs are then used to estimate the costs of the energy and 
capacity in the avoided costs calculations. The proxy plant approach is more transparent and 
understandable to many stakeholders (particularly in comparison to production simulation). The 
proxy plant approach may be used in conjunction with market data, to estimate costs for the 
periods beyond the time horizons when existing market data are available. 

The easiest approach for a utility to develop long-term avoided costs may be to use its own 
internal forecast of market prices. ’This approach provides estimates of avoided cost that are 
closely linked to the utility operations. However, the methodology may be confidential since 
utilities involved in procuring electricity or natural gas on the market may not to reveal their 
expectations of future prices publicly. Therefore, the use of internal forecasts can significantly 
limit the stakeholder review process for evaluation of energy efficiency programs. 
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Public forecasts of avoided costs may also be used to develop a more open process for energy 
efficiency evaluation and planning. California, Texas, the Northwest Power Planning Council, 
Ontario, and others use a non-proprietary methodology. An open process allows non-utility 
stakeholders to evaluate and comment on the methodology, thereby increasing the confidence 
that the analysis is fair. This approach also makes it possible for energy efficiency contractors to 
evaluate the cost-effectiveness of proposed energy efficiency upgrades. Unfortunately, this 
open process may diverge from internal forecasts and introduce some discrepancy between the 
publicly adopted numbers and those actually used by utilities in resource planning and 
procurement decisions. States balance these concerns and generally commit to one path or the 
other. 

Policy-makers may also rely on existing publicly available forecasts of electricity or natural gas. 
The most universal source of forecasts is the Annual Energy Outlook (AEO), provided by the 
Department of Energy’s Energy Information Agency.’ This public forecast provides regional 
long-term forecasts of electricity and natural gas. In addition to the AEO, state energy agencies 
or regional groups may provide their own independent forecasts, which may include sensitivity 
analysis. Some parties, however, view publicly developed forecasts with some skepticism, as 
they may be seen as being overly influenced by political considerations or the compromises 
necessary to gain wide support in a public process. 

Electricity and natural gas prices are quite volatile and subject to cyclical ups and downs. In 
reducing load, energy efficiency also reduces a utility’s exposure to fluctuating market prices. 
This provides an option or hedge value that can be quantified with risk analysis, but which is 
omitted when a single forecast of avoided costs is used. 

Increasingly, utilities have used scenario and risk analysis to assess the benefits of different 
investment options under a range of future scenarios. One of the simpler approaches is to 
compare the cost-effectiveness results under multiple scenarios, using a high, expected, and 
low energy price forecast for example. More advanced techniques, such as Monte Carlo 
simulation, may be used to evaluate the performance of various resource plans under a wide 
range of possible outcomes. 

For all of the forecasting approaches for avoided costs, the analyst must decide the level of 
disaggregation by area and time used in developing the forecasts. The marginal costs of 
electricity can vary significantly hour to hour and both electricity and natural gas prices vary by 
area and time of year. Similarly, the load reductions provided by energy efficiency measures 
also vary by season and time of day. Figure 4-1 shows the differences that can result when 
using hourly, TOU, and annual average avoided costs for different end uses, based on a study 
of air conditioning, outdoor lighting, and refrigeration end uses in California. The significance of 
using either TOU or average annual costs is highly dependent on the end use and demandkost 
characteristics of the region in question. In California, the decision to use hourly avoided costs 
was made in order to appropriately value air conditioning energy efficiency This approach 
almost doubles the value of air conditioning measures relative to a flat annual average 
assessment of avoided cost (-$0.12/kWh vs. -$0.07). In the case of other end uses, such as 
outdoor lighting efficiency, there is very little difference between hoiirly and TOU costs for end 
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uses that operate evenly within a 24-hour period (e.g., refrigeration), there is no difference in 
method. 
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Another consideration of time-dependent avoided cost analysis is the need to correctly evaluate 
the tradeoffs between different types of energy efficiency measures. Hourly avoided costs are 
highly detailed, capturing the cost variance within and across major time periods Annual 
average costs ignore the timing of energy savings. In the example above, using an annual 
average method, CFLs and outdoor lighting efficiency would receive the same value as air 
conditioning energy efficiency, while in actuality air conditioning energy efficiency is much more 
valuable to the system overall because it reduces the peak load significantly. The use of hourly 
avoided costs in this case reveals the large potential avoided cost value of air conditioning 
savings relative to other efficiency measures. 

-6 E count Rates 

A significant driver of overall cost-effectiveness of energy efficiency is the discount rate 
assumption. Each cost,-effectiveness test compares the NPV of the annual costs and benefits 
over the life of an efficiency measure or program. Typically, energy efficiency measures require 
an upfront investment, while the energy savings and maintenance costs accrue over several 
years. The calculation of the NPV requires a discount rate assumption, which can be different 
for the stakeholder perspective of each cost-effectiveness test. 

As each perspective portrays a specific stakeholder’s view, each perspective comes with its 
own discount .rate. The five cost-effectiveness tests are listed in Table 4-3, along with the 
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appropriate discount rate and an illustrative value Using the appropriate discount rate is 
essential for correctly calculating the net benefits of an investment in energy efficiency 

&e of Diecol#$& Rap&$$ &I? @ost-EffacQ;v:.erbf$ss -f@$& 

Three kinds of discount rates are used, depending on which test is being calculated. For the 
PCT, the discount rate of an individual or business is used. For a household, this is taken to be 
the consumer lending rate, since this is the debt cost that a private individual would pay to 
finance an energy efficiency investment. It is typically the highest discount rate used in the cost- 
effectiveness tests. However, since there are potentially many different participants, with very 
different borrowing rates, it can be difficult to choose a single appropriate discount rate. Based 
on the current consumer loan market environment, a typical value may be in the 8 to 10 percent 
range (though a credit card rate might be much higher). For a business firm, the discount rate is 
the firm’s weighted average cost of capital (WACC). In today’s capital market environment, a 
typical value would be in the 10 to 12 percent range-though it can be as high as 20 percent, 
depending on the firm’s credit worthiness and debt-equity structure. Businesses may also 
assume higher discount rates if they perceive several attractive investment opportunities as 
competing for their limited capital dollars. Commercial and industrial customers can have 
payback thresholds of two years or less, implying a discount rate well in excess of 20 percent. 

For the SCT, the social discount rate is used. The social discount rate reflects the benefit to 
society over the long term, and takes into account the reduced risk of an investment that is 
spread across all of society, such as the entire state or region. This is typically the lowest 
discount rate. For example, California uses a 3 percent real discount rate (-5 percent nominal) 
in evaluating the cost-effectiveness of the Title 24 Building Standards. 

Finally, for the TRC, RIM, or PACT, the utility’s average cost of borrowing is typically used as 
the discount rate. This discount rate is typically called the WACC and takes into account the 
debt and equity costs and the proportion of financing obtained from each. The WACC is typically 
between the participant discount rate and the social discount rate. For example, California 
currently uses 8.6 percent in evaluating the investor-owned utility energy efficiency programs. 
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Using these illustrative values for each cost-effectiveness test, the third column of Table 4-3 
shows the value of receiving $1 per year for 20 years from each perspective. This is analogous 
to the value of not having to purchase $1 of electricity per year. From a participant perspective 
assuming a 10 percent discount rate, this stream is worth $8.51; from a utility perspective, it is 
worth $9.46; and from a societal perspective, it is worth $12.46. The effect of the discount rate 
increases over time. The value today of the $1 received in the 20th year ranges from $0.15 from 
the participant perspective to $0.38 in the societal perspective, more than twice as much. Since 
the present value of a benefit decreases more over time with higher discount rates, the choice 
of discount rate has a greater impact on energy efficiency measures with longer expected useful 
lives. 

A key requirement for cost benefit analysis is estimating the NTG. The NTG adjusts the cost- 
effectiveness results so that they only reflect those energy efficiency gains that are attributed to, 
and are the direct result of, the energy efficiency program in question. It gives evaluators an 
estimate of savings achieved as a direct result of program expenditures by removing savings 
that would have occurred even absent a conservation program. Establishing the NTG is critical 
to understanding overall program success and identifying ways to improve program 
performance. For more information on NTG in the context of efficiency program evaluation, see 
Chapter 5 of the National Action Plan for Energy Efficiency’s Model Energy Eficiency Program 
lmpacf Evaluation Guide (National Action Plan for Energy Efficiency, 2007~).  

Gross energy impacts are the changes in energy consumption and/or demand that result 
directly from program-related actions taken by energy consumers that are exposed to the 
program. Estimates of gross energy impacts always involve a comparison of changes in energy 
use over time among customers who installed measures versus some baseline level of usage. 

Net energy impacts are the percentage of the gross energy impact that is attributable to the 
program. The NTG reduces gross energy savings estimates to reflect three types of 
adjustments: 

p Deduction of energy savings that would have been achieved even without a 
conservation program. 

~1 Deduction of energy savings that are not actually achieved in real world implementation. 

o Addition of energy savings that occur as an indirect result of the conservation program. 

Key factors addressed through the NTG are: 

Free riders. A number of customers take advantage of rebates or cost savings available 
through conservation programs even though they would have installed the efficient 
equipment on their own. Such customers are commonly referred to as “free riders.” 

o 
~~~~~~~~~~~~ rate. In many cases the customer does not ultimately install the equipment. 
In other cases, efficient equipment that is installed as part of an energy conservation 
program is later bypassed or removed by the customer. This is common for CFL. 
programs. 



~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ r ~ .  A certain percentage of installed equipment can be expected to fail 
or be replaced before the end of its useful life. Such early failure reduces the achieved 
savings as compared to pre-installation savings estimates. 

nd effect;. Some conservation measures may result in savings during certain 
periods, but increase energy use before or after the period in which the savings occur. In 
addition, customers may use efficiency equipment more often due to actual or perceived 
savings. 

ack affect. A number of customers will use the reduction in bills/energy to 
increase their plug load or comfort by adjusting thermostat temperatures. 

Spillover. Spillover is the opposite of the free rider effect: customers that adopt 
efficiency measures because they are influenced by program-related information and 
marketing efforts, though they do not actually participate in the program 

Another way to encourage energy efficiency is to adopt increasingly strict codes and standards 
for energy use in buildings and appliances. This process is occurring in parallel with energy 
efficiency programs in most states, as each approach has its advantages and disadvantages. 
Codes and standards can be adopted for the state as a whole and do not demand the same 
level of state or utility funding as incentive programs. They do, on the other hand, impose 
regulatory and compliance costs on businesses and residents. Codes and standards generally 
involve a more complicated and potentially contentious legislative process than utility energy 
efficiency programs overseen by regulatory agencies. They also present enforcement 
challenges; local planning departments often do not have the staff, budget, or expertise to focus 
on state regulations related to energy use. 

Increasingly strict codes and standards effectively raise the baseline that efficiency measures 
are compared against over time. This will reduce the energy savings and net benefits of 
efficiency measures, either by reducing the estimated savings or increasing the NTG. 

Conservation measures often have additional benefits beyond energy savings. These benefits 
include improved comfort, health, convenience, and aesthetics and are often referred to as non- 
energy effects (to include costs as well as benefits) or NEBs. None of the five cost-effectiveness 
tests explicitly recognizes changes in NEBs. Unless specifically cited, databases and studies 
generally exclude NEBs. 

Examples of NEBs include: 

e custcmer perspective, increased comfort, air quality, and convenience. For 
example, a demand response event that turns off air conditioning can reduce comfort 
and be a “cost” to the customer. Conversely, participants who gain improved heating and 
insulation can experience increased comfort, gaining an overall benefit. 

B From the ~,~~~~~~~ perspective: NEBs have been shown to reduce the number of shut-off 
notices issued or bill complaints received, particularly in low-income communities. 
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From a societal 
increased community health and improved aesthetics. On a larger scale, energy 
efficiency also reduces reliance on imported energy sources and provides national 
security benefits. 

erspective, efficiency programs can provide regional benefits in 

Studies attempting to estimate the value of NEBs are limited. Such studies often rely on 
participant surveys, which are designed to indicate their willingness to pay for NEBs or 
comparative valuation of various NEBs. Other studies rely on statistical analysis of survey data 
to estimate or “reveal” participant preferences toward NEBs. Both survey and statistical 
methods have significant limitations, and it is difficult to account for changing preferences 
across different income levels, ciiltiiral backgrounds, and household types. When values are not 
available, the judgment of regulators or program managers may be used. Examples of 
accounting for NEBs include decreasing costs or increasing benefits by a fixed percentage in 
the cost-effectiveness tests. To date, more emphasis has been placed on including NEBs than 
on non-energy costs. Nevertheless, as NEBs are incorporated in cost-effectiveness evaluation, 
non-energy costs should be evaluated on an equivalent basis. Examples of non-energy costs 
include reduced convenience and increased disposal or recycling costs. 

An area of growing interest in the application of cost,-effectiveness tests is in establishing 
incentive mechanisms for utility efficiency programs. There exist two natural disincentives for 
utilities to invest in energy efficiency programs. First, energy efficiency reduces sales, which 
puts upward pressure on rates and can affect utility earnings. Second, utilities make money 
through a return on their capital investments or rate base. The financial disincentives for utilities 
are discussed thoroughly in the National Action Plan for Energy Efficiency’s paper Aligning 
Ufilify Incenfives wifh Energy Efficiency lnvesfmenf (National Action Plan for Energy Efficiency, 
2007a). 

To address the reduced earnings from energy efficiency, states are increasingly exploring 
incentive mechanisms that allow a utility to earn a return on energy efficiency expenditures 
similar to the return on invested capital. The intent is to give the utility an equal (or greater) 
financial incentive to invest in energy efficiency as compared to traditional utility infrastructure. 

The cost-effectiveness test results are increasingly being used as a metric to measure the 
incentive payment to the utility, based on the performance of the energy efficiency program. 
However, as discussed previously, no single cost-effectiveness test captures all of the goals of 
the efficiency program. Therefore, some states, such as California, have developed “weighting” 
approaches that combine the results of the cost-effectiveness tests. California has established a 
Performance Earnings Basis that is based on two-thirds of the TRC portfolio net benefits result 
and one-third of the PACT portfolio net benefits result. An incentive is then paid based on the 
utilities’ combined results using this metric if the utilities’ portfolio of savings meets or exceeds 
the utility commission’s established energy savings goals. 

When the cost-effectiveness tests are used in the payment of shareholder incentives, there will 
be additional scrutiny on the input assumptions and key drivers in the calculation. With this 
additional pressure, transparency and stakeholder review of the methodology becomes more 
important. Finally, the cost-effectiveness tests’ use and their weights must be considered with 
care to align the utility objectives with the goals of the energy efficiency policy. 
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Another factor to consider when determining the cost-effectiveness of an energy efficiency 
program is how to value the program’s effect on GHG emissions. The first step is to determine 
the quantity of avoided C02 emissions from the efficiency program. Once that quantity has been 
determined, its economic value can be calculated and added to the net benefits of the energy 
efficiency measures used to achieve the reductions. Currently, some jurisdictions use an explicit 
monetary C02 value in cost-benefit calculations, and some do not. California includes a forecast 
of GHG values in the avoided costs used to perform the Cost-effectiveness tests and Oregon 
requires that future GHG compliance costs be explicitly considered in utility resource planning. 
Several utilities, including Idaho Power, PacifiCorp, and Public Service Company of Colorado, 
include GHG emissions and costs when evaluating supply- and demand-side options, including 
energy efficiency, in their IRP process. 

The GHG emissions emitted through the end use of natural gas and heating oil are driven by 
the carbon content of the fuel and do not vary significantly by region or time of use. The GHG 
profiles of electricity generation do differ greatly by technology, fuel mix, and region. A very 
rough estimate of GHG emissions savings from energy efficiency can be obtained by multiplying 
the kWh saved by an average emission factor. Alternatively, it can be estimated based upon a 
weighted average of the heat rates and emission factors for the different types of generators in 
a utility’s generation mix. Such “back of the envelope” methods are useful for agency staff and 
others who wish to quickly check that results from more sophisticated methods are 
approximately accurate. 

A formal cost-effectiveness evaluation uses marginal emission rates that more accurately reflect 
the change in emissions due to energy efficiency and have an hourly profile that varies by 
region. For states in which natural gas is both a base load and peaking fuel, marginal emissions 
will be higher during peak hours because of the lower thermal efficiency of peaking plants, and 
therefore energy efficiency measures that focus their kWh savings on-peak will have the highest 
avoided GHG emissions per kWh saved. However, in states in which coal is the dominant fuel, 
off-peak marginal emission rates may actually be higher than on-peak if the off-peak generation 
is coal and on-peak generation is natural gas. Figure 4-2 illustrates this difference, comparing 
reported marginal emission rates for California and Wisconsin. 

To date, monetary values for GHG emissions have been drawn primarily from studies and 
journal articles and applied in regulatory programs. While there is widespread agreement that 
GHG reduction policies are likely to impose some cost on C02 emissions, achieving consensus 
on a specific $/ton price for the electricity sector is challenging. As Congress and individual 
states consider specific GHG legislation, a number of the policy considerations that will affect 
the C02  price remain in flux. 
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California Wisconsin 

Source Ericl<son ei al (2004) 
Note The on-peak marginal emissions rate of each stale IS set by natural gas peaking units The off peak 
i ale? are quite different$ reflecting the dominance of coal base load geiieration in Wisconsin and nacural 
gas cornbined c,ycle in Califoi nia 

An emerging topic in energy efficiency cost-effectiveness is how to treat the interdependence 
between energy efficiency and RPS. RPS goals are typically established state by state as a 
percentage of retail loads in a future target year (e.g., 20 percent renewable energy purchases 
by 2020). Unlike supply-side investments, energy efficiency, by reducing load, can reduce the 
amount of renewable energy that must be procured pursuant to RPS targets, thereby reducing 
RPS compliance cost. 

Some renewable technologies can provide energy at costs close to that of conventional 
generation. However, for many states, the marginal cost of complying with state RPS goals will 
be set either by more expensive technologies or by distant resources with significant 
transmission costs. When the cost of renewable energy needed to meet RPS goals is 
significantly higher than the avoided cost for conventional generation, energy efficiency provides 
additional savings by reducing RPS compliance costs. 

The additional RPS-related savings from energy efficiency for California are illustrated in Figure 
4-3. In California, as in many regions, the least-cost conventional base-load resource is 
combined cycle gas turbine (CCGT), shown here with a cost of $82/MWh. The avoided costs 
against which energy efficiency has historically been evaluated are based on such conventional 
generation. This has limited the promotion of energy efficiency to technologies with costs below 
$80/MWh. In practice, given limited budgets and staff, utilities have focused primarily on 
technologies with costs of $40/MWh or below. 
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In comparison, the estimated cost of renewable energy needed to meet California's 20 percent 
RPS standard is over $130/MWh, So for every 1,000 MWh saved by energy efficiency, the 
utilities avoid the purchase 800 MWh of conventional generation at $82/MWh and 200 MWh of 
renewable generation at $130/MWh. Thus the RPS standard increases the cost of avoided 
energy purchases from $82/MWh to $92/MWh ($82/MWh I- [130/MWh .I $82/MWh] x 20%). 

Utilities in California have begun to incorporate the higher cost of renewable generation in their 
internal evaluation of load reduction strategies. However, as in most jurisdictions, the cost of 
meeting RPS targets has not yet been formally included in the adopted avoided cost forecasts 
against which energy efficiency programs are officially evaluated. 

Incremental TWh Incremental TWh 

I I 
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I 1 
I I 
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Source Mahone et ai (2008) 

In order to apply the avoided cost approach in evaluating benefits of energy efficiency cost- 
effectiveness, the analyst must also determine the incremental cost of the measures. Energy 
efficiency portfolio costs are easier to evaluate than benefits, since they are directly observable 
and auditable. For example, marketing costs, measurement and evaluation costs, incentive 
costs, and administration costs all have established budgets. The exception to this is in 
estimating the incremental measure cost. This is a necessary input for the TRC, SCT, and PCT 
calculations. 
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For each of these tests, the appropriate cost to use is the cost of the energy efficiency device in 
excess of what the customer would otherwise have made. Therefore, the incremental measure 
costs must be evaluated with respect to a baseline. For example, a program that provides an 
incentive to a customer to upgrade to a high-efficiency refrigerator would use the premium of 
that refrigerator over the base model that would otherwise have been purchased. 

Establishing the appropriate baseline depends on the type of measure. In cases where the 
customer would not have otherwise made a purchase, for example the early replacement of a 
working refrigerator, the appropriate baseline is zero expenditure. ’’ In this case, the incremental 
cost is the full cost of the new high-efficiency unit. The four basic measure decision types are 
described in Table 4-4 along with different names often used for each decision type. 

removal of an older, 

Table 4-5 summarizes the calculation of measure costs for each of the decision types described 
above. In the table, “efficient device” refers to the equipment that replaces an existing, less- 
efficient piece of equipment. “Standard device” refers to the equipment that would be used in 
industry standard practice to replace an existing device. “Old device” refers to the existing 
equipment to be replaced. 



inus cost of standard device 

st of efficient device 
minus cost of standard device 

I" X ^  

of efficient device 
installation costs 

Cost of efficient device 
minus cost of standard device 

us remaining present value 

~" I I " "" I I 

Cost of removing old device 
I x_ ~- ^ _ "  - 1 
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Consumption of standard device 
minus consumption of efficient device 

Consumption of standard device 
minus consumption of efficient device 

Consumption of old device 
minus consumption of efficient device 

During remaining life of old device: 
Consumption of old device 
minus consumption of efficient device 

Afier remaining life of old dewce. 
Consumption of standard device 
minus consumption of efficient device 

Consumption of old device 
" -  

Installed capacity (ICAP), or unforced capacity (UCAP) in some markets, is an obligation of the electric 
utility (load serving entity, or LSE) to purchase sufficient capacity to maintain system reliability The 
amount of ICAP an LSE must typically procure is equal to its forecasted peak load plus a reserve 
margin Therefore, reduction in peak load due to energy efficiency reduces the ICAP obligation 

The ability to store natural gas, and to manage the gas system to serve peak demand periods by 
varying the pressure, reduces the share of gas costs associated with capacity relative to electricity 

1 

2 



See <hhtk!!w. nwco u ii ci I. o rg/ene rq\&Ee rpla n/Tj/Defa g!i:~tm> 

See <~M&/!~vy. pacificorp. c o m ~ ~ ~ ~ j a ~ l o r i / N \ J a v i ~ a ~ i o n % 3 6 0 7 , -  

See < h t t p . / / ~ ~ ~ ~ ~ i v r n € ~ ~ . e o i ~ ~ / n ( ~  fut ,csf.aspx> for current market prices at Henry Hub 

See <http.//wmv.njtnex. comlcp sroduc.aspx> for available basis swap products 

The specifications may be developed by the utility or developed through a regulatory process with 
stakeholder input 

Forecasts are available at ~~es./ / ie ' i ra ine.c i l l / t~~b~~eleome. htm> 
See < l 2 f ~ / ~ ~ v . e i a . d o e . ~ r o v / o i a f / a ~ o ! >  for the latest edition of the Annual Energy Outlook 

See <hl~~!~~i'.elhree.corn/CPUC/E3 &w!ded Costs f%al..~cJ> for a detailed description of the 
development of avoided costs in California 
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* 

A simplifying assumption of zero as the baseline expenditure is often used, even though the 
equipment may have a limited remaining useful life and need replacement in a few years Table 4-5 
presents a more detailed calculation that can be used for early replacement programs 
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Nationwide, the most common primary measurement of energy efficiency cost-effectiveness is 
the TRC, followed closely by the SCT. A positive TRC result indicates that the program will, over 
its lifetime, produce a net reduction in energy costs in the utility service territory. A positive SCT 
result indicates that the region (the utility, the state, or the United States) will be better off on the 
whole. Table 5-1 shows the distribution of primary cost-effectiveness tests used by state. 

Cost-effectiveness overall as analyzed by the TRC and SCT is not necessarily the only 
important aspect to evaluate when designing an energy efficiency portfolio. Even if benefits 
outweigh costs, some stakeholders can be net winners and others net losers. Therefore, many 
states also include one or more of the distributional tests to evaluate cost-effectiveness from 
individual vantage points. Using the results of the distribution tests, the energy efficiency 
measures and programs offered, their incentive levels, and other elements in the portfolio 
design can be balanced to provide a reasonable distribution of costs and benefits among 
stakeholders. Table 5-2 shows the distribution of cost-effectiveness tests used by states for 
either the primary or secondary consideration. 



Usiicgy B I x ?  PCT. The PCT provides two key pieces of information helpful in program design at 
the measure level it provides some sense of the potential adoption rate, and it can help in 
setting the appropriate incentive level so as not to provide too small or too unnecessarily large 
an incentive. Setting the incentive levels is part art and part science. The goal is to get the most 
participation with the least cost. There is a balance between the PCT results with the PACT and 
RIM results The higher the incentive, the higher the PCT benefit cost ratio and the lower the 
PACT and RIM benefit-cost ratio. 

the PACT- The PACT provides an 
indication of how the energy efficiency program 
compares with supply-side investments. This is 
used to balance the incentive levels with the PCT. 
A poor PACT may also result from a low NTG, if, 
for example, a large number of customers would 
make the efficiency investment without the 
program. A poor PACT might also suggest that 
large incentives are required to induce sufficient 
adoption of a particular measure. 

Using kine R%M. The RIM as a primary 
consideration test is not as common as the other 
two distributional tests. If used, it is typically a 
secondary consideration test done on a portfolio 
basis to evaluate relative impacts of the overall 
energy efficiency program on rates. The results will provide a high-level understanding of the 
likely pressure on rates attributable to the energy efficiency portfolio. A RIM value below 1 .O can 
be acceptable if a state chooses to accept the rate effect in exchange for resource and other 
benefits. Efficiency measures with a RIM value below 1 .Q can nevertheless represent the least- 
cost resource for a utility, depending on the time period and long-term fixed costs included in the 
avoided costs. 

Table 5-3 shows how states use cost-effectiveness tests. Many states use multiple cost- 
effectiveness tests to provide a more complete picture of energy efficiency cost-effectiveness. 
Eighteen states use two or more cost-effectiveness tests for some aspect of efficiency 
evaluation; four of those require all five tests. For example, Hawaii requires that all five tests be 
included in the analysis of supply and demand options in utility IRPs. Indiana uses all five tests 



to screen demand-side management (DSM) programs. Minnesota uses all five tests, but 
considers the SCT to be the most important. Many other states use two or three tests with 
different weights assigned to each test, or with separate tests being used for separate parts of 
the process. Several states have adopted formal and in some cases unique modifications to the 
standard forms of the tests. 

The choice of tests and their applications reveal the priorities of the states and the perspectives 
of their regulatory commissions-the extent to which energy efficiency is considered a resource 
or the extent to which rates dominate policy implementation of energy efficiency. Some 
commissions like having a clear formula, using only one or two tests with threshold values to 
establish program scope. 

The following are several examples of the types of decisions regulatory commissions have 
made regarding cost-effectiveness tests: 

a In Colorado, a 2004 settlement with Xcel Energy required the TRC. A 2007 statute 
requires the use of a variation of the SCT that includes the utility’s avoided costs, the 
valuation of avoided emissions, and NEBS as determined by the regulatory commission. 

Connecticut uses the PACT to screen individual DSM programs and the TRC to evaluate 
the total benefit of conservation and load management programs and to determine 
performance incentives. 

a In the District of Columbia, the RIM is used for DSM programs. Those which have a 
cost-benefit ratio of 0.8 and 1 ”0 may be evaluated for other benefits, including long-term 
savings, market transformation, peak savings, and societal benefits. 

0 Iowa requires utilities to analyze DSM programs using the SCT, RIM, PACT, and PCT. 
According to statute, if the utility uses a test other than the SCT to determine the cost- 
effectiveness of energy efficiency programs and plans, it must describe and justify its 
use of the alternative test. 

e In Montana, the SCT and TRC are used for the traditionally regulated utility that 
prepares IRPs. Neither test is required for the utility that conducts portfolio management, 
although statute specifies that the RIM should not be used. 

B Utah requires that DSM programs meet the TRC and PACT in IRP. For supply and 
demand resources, the primary test is the PACT, calculated under a variety of scenarios; 
other tests may also be considered. 

California weighs the results of two of the cost-effectiveness tests, TRC and PACT, in 
this program screening process. California adopted a “Dual-Test’’ that uses the PACT to 
ensure that utilities are not over spending on incentives for programs that pass the TRC. 
The recently adopted shareholder incentive mechanisms use a weighting of two-thirds of 
the TRC portfolio net benefits result and one-third of the PACT portfolio net benefits 
result. An incentive is then paid based on the utility’s combined results using this metric 
if the utility’s portfolio of savings meets or exceeds the Commission’s established energy 
savings goals. 

e 
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With the cost-effectiveness tests determined, it is equally important to pick the appropriate 
costs, benefits, and methodology to align the energy efficiency portfolio with the overall policy 
goals and context for energy efficiency. The choices should ultimately reflect the situation of the 
utility and the state, its history in implementing energy efficiency, and other considerations.. To 
provide some guidance, four hypothetical situations are considered along with several 
recommendations of possible approaches in each situation. Since the hypothetical situations do 
not consider any specific state, they should be viewed as a starting point for discussion and not 
specific policy recommendation for every context. 

States or regions that are experiencing high peak load growth and associated large capital 
investments will want to ensure that the energy efficiency portfolio appropriately targets the 
peak and also provides higher benefits for peak load reduction that can be used to justify 
higher-cost energy efficiency such as air conditioner incentives or demand response. 

One approach is to introduce time-specific avoided costs by hour, or by TOU. In addition, it will 
be important to initiate system planning studies that integrate supply- and demand-side planning 
so that the energy efficiency programs have the opportunity to defer or delay the supply-side 
capital investments. Unless the two processes are linked in some way, the energy efficiency 
program may be successful in reducing peak loads only to find that the capital projects also 
built. This could create a situation with too much capacity, and overspending on peak load 
reductions. In order to coordinate demand- and supply-side planning, it is important to start 
early. The lead time for large supply-side projects can be five or even 10 years. In addition, it is 
much easier to defer or eliminate the need for the project before the supply-side project 
proponents are deeply vested in its outcome. 

In a situation with a utility with financial problems, due to low load growth andlor a rate freeze, a 
different set of energy efficiency policies might be considered. Though the problem probably 
cannot be fixed with energy efficiency program design, there is no need to make it worse. 

There are several approaches to encourage energy efficiency without straining the utility 
financially. One approach is to introduce decoupling or another automatic rate adjustment for 
reduced sales from energy efficiency to ensure recovery of fixed costs that have already been 
allowed in a prior rate case. A rate adjustment, whether tied to decoupling or not, may also help 
improve the utility financial situation. 

If rate adjustments are not possible (whether through direct adjustment, decoupling, or another 
approach), another option may be to limit the impact of energy efficiency by specifying a 
minimum portfolio RIM. This will reduce the level of energy that can be saved but allow the 
portfolio to continue, perhaps with some lower-scoring programs placed on hiatus, while the 
financial issues of the utility are addressed. 
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If a utility has areas of growing load that require new transmission and/or generation 
investments to be made, energy efficiency may provide an alternative. In this case, it may be 
less expensive to use energy efficiency and demand response to reduce peak loads than to 
build new supply-side infrastructure. Using demand-side resources to alleviate a load pocket 
also has a lower impact on the environment. 

In order to target the load pockets, the energy efficiency portfolio should include programs that 
specifically target peak load reduction in these areas. This can be done by increasing marketing 
of the same programs used service-territory-wide, or by developing a specific program to target 
peak load reductions in an area. Area- and time-specific costing should be introduced to 
estimate the value of the peak load reductions. Energy efficiency program managers should be 
given the authority to target certain areas. In this case, the equity of providing all of the same 
measures service-territory-wide may be overshadowed by value of a targeted program. 

Targeting marketing and implementation is, by definition, discriminatory, but for legitimate, cost- 
based reasons. Targeting efficiency for areas with capacity constraints can be a prudent and 
least-cost means of accommodating load growth or meeting reliability criteria. While they may 
appear to favor certain customers, targeted efforts can provide sufficient incremental value to 
offer net benefits for all customers. 

As in Situation A, it will be important in Situation B to initiate system planning studies that 
integrate supply- and demand-side planning so that the energy efficiency programs have the 
opportunity to defer or delay the supply-side load pocket mitigation measures. 

Many states are introducing the RPS and beginning to implement aggressive GHG policies. In 
these situations, policy-makers will need to emphasize energy savings. One approach to 
consider is to focus on the TRC or SCT, and not to use the RIM results. Policy-makers might 
also consider including a forecast of avoided C02 reductions in the avoided costs. In addition, 
including the avoided costs of the renewable energy or low-carbon resource that would 
otherwise be purchased (nuclear, renewables, carbon-capture, and sequestration) as the 
marginal resource can increase the avoided costs. 'This raises the quantity of efficiency 
measures and programs considered cost-effective. Finally, policy-makers will want to focus the 
cost-effectiveness tests at the portfolio level, rather than at the program or measure level. 
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The PCT examines the costs and benefits from the perspective of the customer installing the 
energy efficiency measure (homeowner, business, etc.). Costs include the incremental costs of 
purchasing and installing the efficient equipment, above the cost of standard equipment, that 
are borne by the customer. The benefits include bill savings realized to the customer through 
reduced energy consumption and the incentives received by the customer, including any 
applicable tax credits. Table 6-1 outlines the benefits and costs included in the PCT. In some 
cases the NPV of incremental operations and maintenance costs (or savings) may also be 
included. 

The primary use of the PCT is to assess the appeal of an energy efficiency measure to potential 
participants. The higher the PCT, the stronger the economic incentive to participate. The PCT 
functions similarly to a simple payback calculation, which determines how many years it takes to 
recover the costs of purchasing and installing a device through bill savings. A cost-effective 
measure will have a high PCT (above I) and a low payback period. The PCT also provides 
useful information for designing appropriate customer incentive levels. A high incentive level will 
produce a high PCT benefit-cost ratio, but reduce the PACT and RIM results. This is because 
incentives given to customers are seen as “costs” to the utility. The PCT, PACT, and RIM 
register incentive payments in different ways based on their perspective. Utilities must balance 
the participant payback with the goal of also minimizing costs to the utility and ratepayers. 



As a measure of payback period or economic appeal, the PCT reflects an important aspect of 
potential participation rates. However, it is not a comprehensive evaluation of all the 
determinants that influence customer participation. For example, the PCT does not consider the 
level of marketing and outreach efforts (or expenditures) to promote the program, and marketing 
can be a major driver of adoption rates. In addition, new technologies may have high upfront 
costs, or steep learning curves, which yield limited adoption despite high PCT ratios. As a key 
example, energy-efficient CFLs generally reach a plateau despite high cost-effectiveness, 
indicating the importance of other factors in behavior besides bill savings.’ This can be due to 
several factors including customer resistance and limited availability of premium features, such 
as the ability to dim. 

Ideally the PCT will be performed using the marginal retail rate avoided by the customer. In 
practice the PCT is often performed using the utility’s average rates for an applicable customer 
class. With tiered and TOU rates, the marginal rate paid by individual customers can vary 
significantly, which makes the use of marginal rate savings in the PCT somewhat more difficult. 
Furthermore, the impact of energy efficiency on a customer’s peak load is difficult to predict, 
making changes in customer demand charges hard to estimate. In practice, the level of effort 
required to estimate the customers’ actual savings given their consumption profile and 
applicable rate schedule is significant. Often utilities find it is not worth the effort at the program 
design or evaluation level, though it may be useful for individual customer audits. Thus the PCT 
gives an indication of the direct cost-based incentives for customers to participate in a given 
energy efficiency program. 

The PACT examines the costs and benefits of the energy efficiency program from the 
perspective of the entity implementing the program (utility, government agency, nonprofit, or 
other third party). The costs included in the PACT include overhead and incentive costs. 
Overhead costs are administration, marketing, research arid development, evaluation, arid 
measurement and verification.’ Incentive costs are payments made to the customers to offset 
purchase or installations costs (mentioned earlier in the PCT as  benefit^).^ The benefits from 
the utility perspective are the savings derived from not delivering the energy to customers. 
Depending on the jurisdiction and type of utility, the “avoided costs” can include reduced 
wholesale electricity or natural gas purchases, generation costs, power plant construction, 
transmission and distribution facilities, ancillary service and system operating costs, and other 
 component^.^ These elements are discussed in more detail in Chapter 4. The benefits and 
costs included in the PACT are summarized in Table 6-2. 
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The PACT allows utilities to evaluate costs and benefits of energy efficiency programs (and/or 
demand response and distributed generation) on a comparable basis with supply-side 
investments. A positive PACT indicates that energy efficiency programs are lower-cost 
approaches to meeting load growth than wholesale energy purchases and new generation 
resources (including delivery and system costs) States with large needs for new supply 
resources may emphasize the PACT to build efficiency alternatives into procurement planning 

The PACT provides an estimate of energy efficiency costs as a utility resource. Even the most 
comprehensive avoided cost estimates cannot capture all of the attributes of energy valued by 
the utility. In addition, the PACT only includes the program administrator costs and not those 
costs borne by customers. Therefore the PACT may not he seen as sufficiently comprehensive 
as a primary determinant of cost-effectiveness. 

As with all of the cost-effectiveness tests, there are simplifications made in the calculation that 
should be understood when they are applied. For example, the PACT does not incorporate the 
different regulatory and financial treatment of utility investments in energy efficiency versus 
utility infrastructure. Therefore, while the PACT provides an estimate of energy efficiency as a 
resource, a positive PACT result does not imply that a utility will be better off financially. Finally, 
in order to get meaningful results on the PACT, care must be taken to estimate the actual 
resource savings to the utility from the energy efficiency program, including the timing and 
certainty of load reductions and the resulting impact on the utility supply costs. 

Since the PACT includes the full savings to the utility but not the full costs of purchasing and 
installing the energy efficiency measures (which are paid by participants), the PACT is usually 
the easiest cost-effectiveness test to pass. In the SCE program featured in Appendix C, for 
example, the PACT ratio is 9.9-a higher value than that produced by any other cost- 
effectiveness test. 
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The RIM examines the impact of energy efficiency programs on utility rates. Unlike typical 
supply-side investments, energy efficiency programs reduce energy sales. Reduced energy 
sales can lower revenues and put upward pressure on retail rates as the remaining fixed costs 
are spread over fewer kWh. The costs included in the RIM are program overhead and incentive 
payments and the cost of lost revenues due to reduced sales.' The benefits included in the RIM 
are the avoided costs of energy saved through the efficiency measure (same as the PACT). 
Table 6-3 outlines the benefits and costs included in the RIM. 

The RIM also gives an indication of the distributional impacts of efficiency programs on nan- 
participants. Participants may see net benefits (by lowering their bills through reduced energy 
consumption) while non-participating customers may experience rate increases due to the same 
programs. As the impacts on non-participating customers depend on many factors including the 
timing of adjustments to rates, the RIM is only an approximation of these impacts. 

In the vast majority of cases, the RIM is negative since the retail rate is typically higher than the 
utility's avoided cost. The RIM may be negative, even at the same time as average bills 
decrease (as evaluated using the PACT). Therefore, policy-makers have to decide whether to 
emphasize customer bills by using the PACT or customer rates by using the RIM.' The main 
reason cited for use of the RIM is to protect customer classes. Chapter 2 of the National Action 
Plan for Energy Efficiency Report (National Action Plan for Energy Efficiency, 2006) suggests 
effective ways to protect customer groups from rate increases in the rate design process that do 



not limit the use of energy efficiency. As described in Section 5.1 above, most jurisdictions do 
not choose the RIM as a primary test; many use it as a secondary consideration, if at all.g 

It is sometimes observed that even least-cost utility investments made to maintain reliability 
often lead to a rate increase, yet the RIM has not been applied to these initiatives. One key 
consideration in assessing the RIM is that there is typically an allocation of fixed costs in the 
variable $/kWh rate. The fixed costs included in rates reflect the utility's existing revenue 
requirement and do not necessarily reflect future capital costs avoided through energy 
efficiency. Customers are often resistant to high fixed charges and lumpy utility investments are 
not always considered avoidable through efficiency savings that are realized gradually over 
time. In addition, avoided costs are often based on market prices, which tend to emphasize 
variable and short-term as opposed to long-term costs. Because many utilities have multiple 
standard, tiered, and TOU rate options, the actual marginal revenue loses to the utility can be 
difficult to estimate and not accurately captured when customer class average rates are used in 
the RIM calculation. Other considerations in the RIM, including the relationship to utility financial 
health over time and capacity-focused programs that yield higher RIM results, are discussed in 
further detail in Section 3.2.2 above. 

The TRC measures the net benefits of the energy efficiency program for the region as a whole. 
Costs included in the TRC are costs to purchase and install the energy efficiency measure and 
overhead costs of running the energy efficiency program. The benefits included are the avoided 
costs of energy (as with the PACT and the RIM). Table 6-4 outlines the benefits and costs in the 
TRC I 



The primary purpose of the TRC is to evaluate the net benefits of energy efficiency measures to 
the region as a whole. Unlike the tests describe above, the TRC does not take the view of 
individual stakeholders. It does not include bill savings and incentive payments, as they yield an 
intra-regional transfer of zero ("benefits" to customers and "costs" to the utility that cancel each 
other on a regional level). For some utilities, the region considered may be limited strictly to its 
own service territory, ignoring benefits (and costs) to neighboring areas (a distribution-only utility 
may, for example, consider only the impacts to its distribution system). In other cases, the 
region is defined as the state as a whole, allowing the TRC to include benefits to other 
stakeholders (e.g., other utilities, water utilities, local communities). The TRC is useful for 
jurisdictions wishing to value energy efficiency as a resource not just for the utility, but for the 
entire region. Thus the TRC is often the primary test considered by those states seeking to 
include the benefits not just to the utility and its ratepayers, but to other constituents as well. The 
TRC may be considered the sum of the PCT and RIM, that is, the participant and non- 
participant cost-effectiveness tests. The TRC is also useful when energy efficiency might fall 
through the cracks taken from the perspective of individual stakeholders, but would yield 
benefits on a wider regional level.'' 

The inclusion of tax credits or incentives depends to some extent on the region considered. A 
municipal utility might consider state and federal tax incentives as a benefit from outside the 
region defined for the TRC. For a utility with a service territory that includes all or most of a 
particular state, state tax incentives would be an intra-regional transfer that is not included in the 
TRC. Some jurisdictions chose to consider all tax incentives as transfers excluded from the 
TRC. Generally speaking, tax incentives in the TRC should be treated consistently with the 
other resources to which energy efficiency may be compared. 
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I The TRC shows the net benefits of the energy efficiency program as a whole It can be used 
to evaluate energy efficiency alongside other regional resources and communicate with other 

ncies and constituencies 1 

% . 1 - .  --> 

6-6 Ui?o'erstancfing Cost-Effecriveness of Energy Efficiency Prcgi-an7s 



The TRC is similar to the PACT except that it considers the cost of the measure itself rather 
than the incentive paid by the utility. Because the incentives are less than the cost of the 
measure in most cases, the TRC is usually lower than the PACT Therefore, the TRC will be a 
more restrictive test than the PACT and fewer measures will pass the TRC Indeed, it is not 
unusual for a measure to fail the TRC while appearing economical both to the utility (PACT) and 
to the participant (PCT). Due to the incentives paid by the utility, the participant and the utility 
each pay only a portion of the full incremental cost of the measure, which is the cost to the 
region as a whole considered by the TRC. 

The TRC says nothing about the distributional impacts of the costs of energy efficiency. To 
address distributional effects, many jurisdictions that use the TRC as the primary criteria also 
look at other cost-effectiveness tests. In situations where budgets constrain the amount of 
energy efficiency investment, a threshold value may be used. A lower threshold may be applied 
to programs that serve low-income or hard-to-reach groups, representing the distinct societal 
value of reaching these customer groups that is not reflected in the benefit-cost calculation. 

The SCT includes all of the costs and benefits of the TRC, but it also includes environmental 
and other non-energy benefits that are not currently valued by the market. The SCT may also 
include non-energy costs, such as reduced customer comfort levels. Table 6-5 outlines the 
benefits and costs in the SCT. 

Source Standard Practice Manual Econoniic Analysis of Demanci-Side i3royr;itms arid Projects 

In some cases, emissions costs are included in the market price used to determine avoided 
costs or are otherwise explicitly included in the TRC calculation (as in the SCE program 



example”). Emissions permit costs may already be included in the market price of electricity in 
some jurisdictions. In other jurisdictions, emissions are included in the SCT.12 

As with the TRC, the inclusion of tax incentives varies by jurisdiction. Those using a broad 
definition of the society exclude tax incentives as a transfer. Others will include tax incentives 
originating from outside the immediate region considered. 

Increasingly, benefits historically included only in the SCT are being included in the TRC in 
some jurisdictions. Including a cost for carbon dioxide (C02) emissions is a prime example. 
Though the future cost associated with C02 emissions remains highly uncertain and difficult to 
quantify, many utilities believe it is increasingly urilikely that the cost will be zero. In California, 
an approximate forecast is developed through a survey of available studies and literature. The 
IRPs of many utilities now include a risk or portfolio analysis to calculate an “expected” carbon 
value or to determine if the additional cost of a flexible portfolio is sufficiently robust under a 
range of possible futures. 

Water savings are also being explicitly included in the TRC instead of the SCT. This helps 
promote measures such as front-loading clothes washers, which provide water savings that are 
of value to the region but beyond the direct purview of electric and natural gas utilities. There is 
also increasing interest in the West, where water supply is particularly energy intensive, in 
targeting the energy savings possible through water conservation. l 3  

Some commissions eschew the SCT because factors not included in the TRC are found to be 
beyond their jurisdiction. Where this is the case, legislation would be needed to create or clarify 
the opportunity for commissions to consider the SCT. On the other hand, some states require 
that the societal test be considered when commissions evaluate energy efficiency programs. 
Some states adopt the California methodology, while other states adopt modified versions, 
adding or deleting costs or benefits consistent with state priorities. For example, Illinois uses a 
modified TRC defined in statute, in which gas savings are not included in electricity program 
evaluation. The New York State Energy Research and Development Authority (NYSERDA) 
calculates the TRC for three scenarios, adding non-energy benefits in Scenario 2 and 
macroeconomic benefits in Scenario 3. 

I. Energy efficiency is among the most cost-effective ways to reduce carbon e 

goals It can also be used to evaluate water savings 
SCT is a useful test for jurisdictions seeking to implement or comply with GHG reduction 1 

I 
I _ _  _ _ _  - 
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The PCT is only one of the determinants of customer participation, and bill savings are not the sole 
factor in a customer’s decision to implement energy efficiency Marketing and customer decision- 
making studies can be used to better understand the levels of customer participation more directly 
See Golove and Eto, 1996, Schleich and Gruber, 2008 

At a minimum, overhead costs generally include the salary (and benefits) of those employees directly 
involved in promoting energy efficiency Some jurisdictions opt to include an allocation of fixed costs 
(i e ,  office space) while others do not To the extent they are applicable, research and development, 
marketing, evaluation, measurement, and verification and other costs may be included in the overall 
total, or reported individually as they are for the SCE example shown here In cases where energy 
efficiency program costs are subject to special treatment (e g., public funding and shareholder 
incentive mechanisms), detailed definitions of what may be included as an overhead cost are often 
required 

The simplest example is a rebate paid to the customer for the purchase of an efficient appliance 
However, as programs have grown In scope and complexity, so has the definition of an incentive Two 
additional types of incentive are common direct install costs and upstream payments In many cases, 
the utility performs or pays for the labor and installation associated with an efficiency measure Such 
payments, which are not for the equipment itself, but nevertheless reduce the cost to the customer, 
are considered direct install costs Another approach, which is now common for CFL programs, calls 
for utilities to pay incentives directly to manufacturers and distributors These upstream payments 
lower the retail cost of the product, though no rebate is paid directly to the customer 

Avoided cost benefits vary according to the time and location of the energy savings Chapter 5 
describes various alternative approaches for estimating the benefits of energy efficiency 

A specialized application of the PACT is in local IRPs When a local area is at or near the system’s 
capacity to serve its load, significant infrastructure investments are often required. If such investments 
can be deferred by reducing loads or load growth, there is additional value to the utility in installing 
energy efficiency and other distributed resources in that area The additional savings that can be 
realized by the utility can justify increased customer incentives and marketing for a targeted efficiency 
program 

The RIM, PACT, and PCT assess the impacts of the program from different, but interconnected 
stakeholder perspectives The RIM includes the overhead and incentive payments included as costs in 
the PACT, but also includes revenue losses The RIM recognizes the incentives and bill savings 
reported as benefits in the PCT, but the RIM reports these terms as costs (revenues losses) 

Even with a negative RIM result, efficiency may stjll be the most cost-effective means of meeting load 
growth The full array of long-term investment options considered in utility resource planning cannot 
always be captured in the avoided costs used to evaluate energy efficiency 

The exception to the predominance of the negative RIM result are utilities that can serve most of their 
loads with existing, low-cost generation, but are facing high costs to build new generation In such 
cases, the avoided costs for energy efficiency may well be higher that the utility’s retail rates 
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In practice, since utility rates are often frozen between rate-setting cycles and not continuously reset, 
the utility itself absorbs the losses (or gains) in its earnings until rates are adjusted. These adjustments 
can be made in several ways the regular rate-setting cycle, a decoupling mechanism, or a revenue 
adjustment mechanism In the long run, the reduced capital investments necessary as a result of 
energy efficiency will mitigate the rate increases The National Action Plan for Energy Efficiency's 
Energy Efficiency Benefits Calculator can evaluate these impacts over time. 
<$Mr).//~y~. e p a . u o v / c l e a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ - ~ ~ l a ~ ~ e / r e s o u r c e s / c a l c l ~ l ~ t o r .  htm!>.This is 
discussed in more detail in Chapter 4 

As an example, in areas of competitive procurement, distribution-only utilities may not see energy 
efficiency as an immediate interest because it may not yield significant T&D savings (and generation 
costs are not part of their purview) In such a case, the utility may not implement energy efficiency 
even if it is cost-effective from a regional perspective As a result, regulators may ask the utility to 
focus on the TRC rather than the PACT when evaluating efficiency programs 

California includes emissions permits and trading costs in the avoided cost calculations of the TRC 

9 

i n  

1 1  

Tax incentives paid by the state or federal governments and financing costs are excluded from the 
SCT, because they are considered a zero net transfer A wide range of NEBs have been considered 
and evaluated throughout the United States For the participant and community, these NEBs resulted 
in increased comfort, improved air quality, greater convenience, and improved health and aesthetic 
benefits For the utility, fewer shut-off notices or bill complaints occurred 

The California Public Utilities Commission has approved pilot programs for investor-owned utilities to 
partner with water agencies and provide funding for water conservation incentives that provide energy 
savings (A 07-01-024) 

12 
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Avoided @ost:s: The forecasted economic benefits of energy savings. These are the costs that 
would have been spent if the energy efficiency had not been put in place. 

iscount rate: A measure of the time value of money. The choice of discount rate can have a 
large impact on the cost-effectiveness results for energy efficiency. As each cost-effectiveness 
test compares the net present value of costs and benefits for a given stakeholder perspective, 
its computation requires a discount rate assumption. 

y efficiency: The use of less energy to provide the same or an improved level of service 
to the energy consumer in an economically efficient way. “Energy conservation” is a term that 
has also been used, but it has the connotation of doing without in order to save energy rather 
than using less energy to perform the same or better function. 

Eva I uat i Q n 7 mea s remen%, and ~~~~~~~~~~~~~ The process of determining and documenting the 
results, benefits, and lessons learned from an energy efficiency program. The term “evaluation” 
refers to any real time and/or retrospective assessment of the performance and implementation 
of a program. “Measurement and verification” is a subset of evaluation that includes activities 
undertaken in the calculation of energy and demand savings from individual sites or projects. 

er: A program participant who would have implemented the program measure or 
practice in the absence of the program. 

impact evaluation: Used to determine the actual savings achieved by different programs and 
specific measures. 

resource ~~~~~~~~: A public planning process and framework within which the 
costs and benefits of both demand- and supply-side resources are evaluated to develop the 
least-total-cost mix of utility resource options. In many states, integrated resource planning 
includes a means for considering environmental damages caused by electricity 
supply/transmission and identifying cost-effective energy efficiency and renewable energy 
alternatives. 

keveilzed cost: A constant value or payment that, if applied in each year of the analysis, would 
result in a net present value equivalent to the actual values or payments which change (usually 
increase) each year. Often used to represent, on a consistent basis, the cost of energy saved by 
various efficiency measures with different useful lives. 

~~~~~~~~~~ cost: The sum that has to be paid for the next increment of product or service. The 
marginal cost of electricity is the price to be paid for kilowatt-hours above and beyond those 
supplied by presently available generating capacity. 

~~~~~~~~~ ~ ~ u ~ ~ ~ ~ ~ n  ratas: The emissions associated with the marginal generating unit in each 
hour of the day. 
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Market effects evaiualion: Used to estimate a program’s influence on encouraging future 
energy efficiency projects because of changes in the energy marketplace. All categories of 
programs can have market effects evaluations; however, these evaluations are primarily 
associated with market transformation programs that indirectly achieve impacts. 

arket ~~~~~~~~~~~~~~~~~ A reduction in market barriers resulting from a market intervention, as 
evidenced by a set of market effects, that lasts after the intervention has been withdrawn, 
reduced, or changed. 

~~~~~~~~~~: Installation of equipment, installation of subsystems or systems, or modification of 
equipment, subsystems, systems, or operations on the customer side of the meter, in order to 
improve energy efficiency. 

~ ~ t ~ ~ ~ . . ~ ~ ~ ~ ~  ratio: A key requirement for program-level evaluation, measurement, and 
verification. This ratio accounts for only those energy efficiency gains that are attributed to, and 
the direct result of, the energy efficiency program in question. It gives evaluators an estimate of 
savings that would have occurred even without program incentives. 

Net present value: The value of a stream of cash flows converted to a single sum in a specific 
year, usually the first year of the analysis. It can also be thought of as the equivalent worth of all 
cash flows relative to a base point called the present. 

~~~~~~~~~~ For dollars, ”nominal” means the figure representing the actual number of dollars 
exchanged in each year, without accounting for the effect of inflation on the value or purchasing 
power. For interest or discount rates, “nominal” means that the rate includes the rate of inflation 
(real rate plus inflation rate equals the nominal rate). 

~~~~~~~~~~~ cost test: A cost-effectiveness test that measures the economic impact to the 
participating customer of adopting an energy efficiency measure. 

study: A study of energy efficiency potential used by demand-side planners within 
utilities to incorporate efficiency into an integrated resource planning process. The objective of a 
planning study is to identify energy efficiency opportunities that are cost-effective alternatives to 
supply-side resources in generation, transmission, or distribution. 

folio: Either (a) a collection of similar programs addressing the same market, technology, 
or mechanisms or (b) the set of all programs conducted by one organization. 

~~~~~~~~~~ study: A study conducted to assess market baselines and energy efficiency savings 
potentials for different technologies and customer markets. Potential is typically defined in terms 
of technical, economic, achievable, and program potential. 

~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ :  Typically procure various types of energy efficiency services from 
contractors (e.g., consultants, vendors, engineering firms, architects, academic institutions, 
community-based organizations), as part of managing, implementing, and evaluating their 
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portfolio of energy efficiency programs. Program administrators in many states are the utilities; 
in some states they are state energy agencies or third parties. 

gram design potential stm y: Can be undertaken by a utility or third party for the purpose 
of developing specific measures for the energy efficiency portfolio. 

atepayer impact measure: A cost-effectiveness test that measures the impact on utility 
operating margin and whether rates would have to increase to maintain the current levels of 
margin if a customer installed energy efficient measures 

Real: For dollars, “real” means that the dollars are expressed in a specific base year in order to 
provide a consistent means of comparison after accounting for inflation. For interest and 
discount rates, “real” means the inflation rate is not included (the nominal rate minus the 
inflation rate equals the real rate). 

Sociata! cost test: A cost-effectiveness test that measures the net economic benefit to the 
utility service territory, state, or region, as measured by the total resource cost test, plus indirect 
benefits s iich as environmental benefits . 

eriiodsx Blocks of time defined by the relative cost of electricity during each block. 
Time-of-use periods are usually divided into three or four time blocks per 24-hour period (on- 
peak, mid-peak, off-peak, and sometimes super off-peak) and by seasons of the year (summer 
and winter) . 

Total resource c st test: A cost-effectiveness test that measures the net direct economic 
impact to the utility service territory, state, or region. 

~ ~ ~ ~ t ~ ~ t ~ ~ ~  cost test: The program administrator cost test, also known as 
the utility cost test, is a cost-effectiveness test that measures the change in the amount the 
utility must collect from the customers every year to meet an earnings target-e.g., a change in 
revenue requirement. In a number of states, this test is referred to as the program administrator 
cost test. In those cases, the definition of the “utility” is expanded to program administrators 
(utility or third party). 
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SCE’s Residential Energy Efficiency Incentive Program provides customer incentives for 
efficient lighting and appliances (not including HVAC). It is part of a coordinated statewide mass 
market efficiency program that coordinates marketing and outreach efforts. This program is 
used as the example in Section 3.1 to illustrate the calculation of each of the cost-effectiveness 
tests. 

The values shown in Tables C-I, C-2 and C-3 are for the fourth quarter of 2006. Note that dollar 
benefits associated with emissions reductions are included in the forecasted avoided cost of 
energy, and are therefore not separately reported. The other category in this case includes 
direct implementation activity costs incurred by SCE that are over and above the cost of the 
efficiency measure. Direct installation costs paid by the utility that offset the cost of the measure 
are included under “program incentives,” 
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Avista is an electric and natural gas utility in the Northwest with headquarters in Spokane, 
Washington. The best practice program highlighted here represents the 2007 Regular Income 
Portfolio of electricity energy efficiency measures implemented by Avista. The numbers were 
obtained from the Triple-E Report produced by the Avista Demand-Side Management Team 
(Table 13E). 

Avista reports gross results, which do not take free riders into account. Installation rates, 
persistence/failure and rebound (“snap-back or “take-back”) are taken into account in Avista’s 
estimates of energy savings. Avista does consider NEBS when they are quantifiable and 
defensible, which are predominately benefits from the customer’s perspective. 

Avista contributed to projects saving over 53 million kWh and 1.5 million therms in 2007. The 
HVAC and lighting categories made up 81 percent of the electric savings while 97 percent of the 
natural gas savings were in the HVAC and Shell categories. 

Avista incorporates quantifiable labor and operation and maintenance as non-energy benefits, 
which are included in the PCT, SCT, and TRC cost-effectiveness tests. 

T 
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Puget Sound Energy’s (PSE’s) Commercial/lndustriaI Retrofit Program encourages customers 
to use electric and natural gas efficiently by installing cost- and energy-efficient equipment, 
adopting energy efficient designs, and using energy-efficient operations at their facilities. In 
addition, incentives are available for fuel switch measures that convert from electric to natural 
gas while serving the same end use. Applicable Commercial and Industrial Retrofit measure 
category headings include, but are not limited to: HVAC and refrigeration, controls, process 
efficiency improvements, lighting improvements, building thermal improvements, water heating 
improvements, and building commissioning. 

Customers provide PSE with project costs and estimated savings. Customers assume full 
responsibility for selecting and contracting with third-party service providers. Projects must be 
approved for funding prior to installation/implementation. Maximum grants for hardware changes 
are based on PSE’s cost-effectiveness standard. Grants for projects are made available as a 
percentage of the measure cost. Electric and gas measures may receive incentive grants up to 
70 percent of the measure cost where the grant incentive does not exceed the cost- 
effectiveness standard minus program administration costs. Measures exceeding the cost- 
effectiveness standard will receive grants that are on a declining scale and will be less than 70 
percent of the measure cost. Electric and gas measures that have a simple payback of less than 
a year are not eligible for a grant incentive. 

Unlike the other programs presented in this document, PSE shows a positive RIM. A positive 
RIM is possible in the Pacific Northwest because of the allocation of low-cost hydro generation 
from the Bonniville Power Administration to municipal utilities. In some cases the marginal cost 
of avoided generation is determined by higher-cost thermal generation and is higher than the 
utility’s average retail rate. 
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The Massachusetts MassSAVE program is a residential conservation program targeting 
electricity and natural gas savings. The data shown in the tables that follow are taken from the 
National Grid 2006 Energy Efficiency Annual Report, submitted to the Massachusettes 
Department of Energy Resources arid Department of Public Utilities in August 2007. 

In the residential sector, there are diminishing energy savings available from single-measure 
incentive programs, in part due to federal appliance and lighting standards, as well as rapid 
progress in increasing the market penetration of CFLs relative to incandescent lighting. As a 
result, more utilities are seeking to develop program models that tackle harder-to reach 
opportunities and offer more comprehensive savings. National Grid’s Home Performance with 
ENERGY STAR is one such program model. This program offers comprehensive whole-house 
improvements (insulation, air sealing, duct sealing, and HVAC improvements) for homeowners. 
Customers receive in-home services, step-by-step guidance, incentives for energy measures, 
quality installations and inspections, and low-interest financing. 

Since contractors that deliver home performance services are in short supply in most markets, 
an infrastructure building phase is typically needed. During the initial two- to three-year startup 
phase, program costs may be high relative to energy savings. However, as contracting services 
increase over time, energy savings tend to increase dramatically. Limiting cost-effectiveness 
tests to three-year program cycles or less may inadvertently limit the development of these long- 
term, comprehensive program models. National Grid was able to reduce administrative costs 
associated with contractor recruitment, training, and quality assurance by limiting contractor 
participation in program startup and by requiring participating contractors to directly install some 
measures. 

Comprehensive, whole-building program models such as Home Performance with ENERGY 
STAR may face a number of additional challenges using commonly employed practice for 
calculating cost-effectiveness. For example, installing air sealing and insulation reduce heating 
and cooling loads, which reduces the savings associated with installing efficient HVAC 
equipment (interactive effects; see Section 3.2.1). However, reduced heating and cooling loads 
can also provide opportunities for downsizing heating and cooling systems, which are not 
captured by the cost-effectiveness tests. Furthermore, whole-house improvements provide a 
variety of non-energy benefits (Section 4.9) that can be difficult to quantify and are often not 
included as benefits in the cost-effectiveness tests. 

More inform at i o n can be found on I in e at <hit p : !/\~~vqv,r$ a s ssave. co:n/cu st om erg> 
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This challenge to all Kentuckians serves as  the launching pad to deliver a progressive, integrated energy plan for 

As the third largest producer of coal i n  the United States, Kentucky's challenge, our challenge, for the 21 st century 
the commonwealth. 

is to pragmatically adopt inherently cleaner, newer energy sources as well as innovative uses of traditional energy sources. 
Kentucky can be - and in fact must be - a leader in this energy revolution. We are not alone in this efFort. 

This bold document, Infelligent Energy Choices for Kenfucky's fufure, is the beginning of an evolutionary plan foi, our 
state. It is a n  energy plan that will improve the quality of life for all Kentuckians by simultaneously creating efficient, 
sustainable energy solutions and strategies; by protecting the environment; and by creating a base for strong economic 
growth. 

Kentucky's plan incorporates recommendations to improve energy efficiency for Kentucky's homes, businesses and 
transportation fleet. It provides a framework from which w e  can begin to increase our use of renewable energy sources. It 
discusses the potential for biofuels as well as coal-to-liquids and coal-to-gas technologies. It recommends the initiation of 
an aggressive carbon capture/sequestration prograin for coal-generated electricity. It provides a discussion of how 
Kentucky could initiate and grow safe and reliable nuclear power for electricity generation in Kentucky. 

By refining and adopting this energy plan, the Commonwealth of Kentucky hopes to establish leadership in the 
United Staies for innovating and creating efficient, sound and environmentally compatible energy solutions and strategies. 
Every journey has a destination. This plan is a road map for a journey to energy independence. We will Itnow w e  
h a v e  reached our destination when we have accomplished six important things: 

Conserve and use energy more efficiently. 
Achieve energy independence for transportation fuels. 
Use coal more cleanly and efficiently. 
Diversify electricity generation to optimize use of renewable and alternative fuels, in  addition to coal, 
Kentucky's leading fossil fuel, and nuclear. 
Mitigate carbon dioxide emissions, reducing our carbon footprint. 
Establish Kentucky state government as a leader in green practices. 

e 

e 

e 

As part of these proposals, we must h a v e  broad discussions of our options, alternatives, benefits and priorities for 
our state. It is paramount that w e  realize the consequences of doing nothing - consequences for our generation and the 
generations of Kentuckians to come. 

We must contend with the reality that our state's energy policy will be increasingly shaped by decisions at the 
national level. These national decisions will undoubtedly accelerate energy development and independence within the 
guidelines of environmental protection as a national priority. It is imperative that w e  have policies and programs in place 
that allow Kentuckians to protect and utilize our energy resources i n  a n  environmentally sound manner  and help us to 
achieve energy independence. The tenets and spirit of this vital strategic pian will help us do that. 

Steven L. Besliear, Governor Leonard I<. Peters, Secretary 
Energy and Environment Cabinet 



KENTUCKY'S CHALLENGE for the 21 It century is to develop clean, reliable, affordable energy sources 
that help us improve our energy security, reduce our carbon dioxide emissions, and provide economic 
prosperity. Kentucky can be - and in fact must be - a leader in this energy revolution. 

Energy independence is  a top challenge to the state and the nation in the 21" century, a challenge that 
has been made at once more urgent and more complex by the equally pressing issue of global climate 
change. For a major coal-producing state that also relies on coal to generate more than 90 percent of 
its electricity, addressing these two issues - energy security and climate change - is especially 
problematic. 

We have to contend with the reality that, going forward, our state's energy policy will be increasingly 
shaped by decisions at the national level, decisions which in turn are being driven by significant global 
issues and events. As a state, it is imperative that we have policies and programs in place that allow us 
to shape our own energy future by making sure we utilize our energy resources in an environmentally 
sound manner. This strategic action plan, Intelligent Energy Choices for Kentucky's Future, i s  intended to 
place Kentucky on such a path. 

Intelligent Energy Choices is an action plan for our state that is intended, first and foremost, to improve 
the quality and security of life for all Kentuckians by creating efficient, sustainable energy solutions 
and strategies; by protecting the environment; and by creating a base for strong economic growth over 
the long term. We must make changes in order to accomplish these objectives. In addition to 
identifying new initiatives, the plan provides an important framework around existing policies and 
activities so that we can aggressively increase our use of renewable energy sources; improve the 
energy efficiency of our homes and buildings; develop cleaner methods to utilize our fossil energy 
resources; diversify our electricity and transportation energy portfolios; and more fully integrate our 
agricultural and energy economies. 

Intelligent Energy Choices is  designed to be a 'living' document that serves as a means for the state - 
the general public, public officials, educators, business and industry at all levels, and others - to craft a 
consensus for a comprehensive, holistic energy plan for the betterment of all. It is an evolutionary plan 
that is not intended to be exhaustive at the outset. We cannot address every single issue in this 
relatively comprehensive document; thus, there will be additional issues that need action on a case-by- 
case basis. We have made a concerted effort to include all the highest priority actions that will serve 
as an underpinning, a foundation, for great progress and for future actions through 2025. 

Kentucky Must Act Now 

Kentucky's energy use is projected to grow by slightly more than 40 percent between now and 2025 
under a Business-As-Usual scenario. This energy growth encompasses all sectors, including electricity 
generation, natural gas use, and transportation fuels. For example, between now and 2025, according 
to estimates from the Kentucky Public Service Commission, Kentucky will need an additional 7,000 
megawatts of electricity generation (PSC, 2005). 

Intelligent Energy Choices is designed to lead to a much more diversified energy portfolio for the 
commonwealth and provide economic, environmental and energy security benefits. In the future, 
primarily relying on one source of power for electricity generation will not be prudent in the face of 
imminent climate change legislation at the federal level. While we anticipate retrofits of existing power 
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plants for carbon dioxide capture, our electricity generation must be diversified to include 
renewables and other sources, such as nuclear power. 

This plan allows us to develop flexibility in our energy portfolio so that we can take timely 
advantage of technological advances in such areas as cellulosic biofuels, solar and wind, and 
carbon management. A diverse portfolio gives us the flexibility to effectively utilize lower carbon- 
emitting technologies and 
fundamentally more environmentally 
benign energy solutions. 

Just as we will experience growth in 
our demand for energy, our 
greenhouse gas (GHG) emissions will 
escalate if we continue down the 
same path. With such a high reliance 
on fossil fuels, Kentucky's projected 
GHG emissions could be more than 
40 percent higher than they are 
today i f  we do not take action. With 
implementation of the seven 
proposed strategies, however, our 
GHG emissions will be more than 50 
percent lower in 2025 than they 
would otherwise be. More 
significantly, GHG emissions in 
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Kentucky will actually be 20  percent 
lower in 2025 than were our 1990 
emissions (Figure ES-1). 

Figure ES-1: Reductions In Carbon Dioxide Emissions 

Relying on coal-fired power generation in the state will not be sufficient to support. Kentucky's coal 
industry if other states cease purchase of Kentucky coal. By diversifying the coal industry's product 
line into transportation fuels and synthetic natural gas, we support our efforts to become less 
vulnerable to imports and ensure a continued market for Kentucky coal, sustaining the 17,000 plus 
jobs in the coal industry, as well as the industry's other economic effects. 

Kentucky's Plan Outlines Seven Strategies 

The plan proposes a Renewable and Efficiency Portfolio Standard (REPS) whereby 25 percent of 
Kentucky's energy needs in 2025 will be met by reductions through energy efficiency and 
conservation and through use of renewable resources. Strdegies 7 ,  2, and 3 are designed to help 
the commonwealth achieve the REPS. 
renewable energy allows us to implement actions to reduce energy use and carbon dioxide 
emissions in a timely and cost-effective manner. However, even with an aggressive REPS, Kentucky 
will s t i l l  need to look at our traditional energy source - coal, with an expanded cleaner product 
line - and other options such as nuclear. 

Leading with energy efficiency, conservation, and 

Our growing reliance on imported oil presents economic and security threats that are untenable. 
Therefore, the plan also proposes an Alternative Transportation Fuel Standard (ATFS) to help us 



transition away from dependence on foreign petroleum. Kentucky can displace 60 percent of i ts  
reliance on foreign petroleum by utilizing fuels such as those derived from biomass and coal, plug- 
in hybrid vehicles, and compressed natural gas (CNG), and we can do this by building upon our 
existing infrastructure. Elements of the ATFS are captured in Sfrafegies 7 (plug-in hybrids), 3 
(biofuels) and 4 (coal-to-liquids and natural gas). 

Equally important as weaning the state from imports of foreign oil is reducing our dependence on 
imported natural gas. Sfrafegy 5 establishes an action plan directed toward increased natural gas 
production in the commonwealth and production of synthetic natural gas from Kentucky's coal resources. 

To achieve our greenhouse gas 
reduction goals, deployment of carbon 
dioxide capture and storage 
technologies on a large scale i s  crucial. 
The action plan in Sfrafegy 6 will help 
Kentucky initiate aggressive carbon 
capture and storage projects, with a 
goal that by 2025, 50 percent of 
Kentucky's coal-based energy facilities 
will be equipped with carbon 
management technologies. 

A final key component to reducing 
Kentucky's carbon dioxide emissions is 
deploying non-carbon dioxide emitting 
technologies to meet our baseload 
electricity generation needs in the 
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Figure ES-2: Kentucky's Total Energy Use 

future. One option that must be considered is nuclear power. Sfrafegy 7 provides an importani 
discussion of the environmental, security and economic issues surrounding nuclear power. 

Figure ES-2 summarizes Kentucky's current energy demand and what can be accomplished with this 
plan. The bar charts show the current energy mix, what it will look like in a Business-As-Usual scenario, 
and how this plan will provide a much more flexible and effective energy portfolio. 

Following is an overview of the goals and actions of each of the seven strategies. It is important to 
note that Sfrafegies 7 ,  2 and 3, as part of the Renewable and Efficiency Portfolio Standard, form a 
three-part vision to provide 25 percent of Kentucky's energy needs by 2025 through energy efficiency, 
renewable energy and biofuels. Additionally, Sfrafegies 7 ,  3, and 4, as part of an Alternative 
Transportation Fuel Standard, are part of a goal to reduce Kentucky's dependence on imported oil by 
60 percent by 2025. 

Kentucky has been a high user o f  energy largely becuuse o f  our hisforicully low elecfricify rafes. 
W e  huve had liffle incentive io conserve, and thus we ure over-users. This musf chunge. Kenfucky 
can uchieve i f s  yreafesf and mosf cost-effective reducfion in GHG emissions fhrough energy 

EXEClJTIVE SUMMARY PAGE v 
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efficiency in all sectors: residenfial, commercial, indusfrial and transportafion. We can forestall 
consfrucfion of some additional generafion fclcilifies fhrough energy efficiency. Therefore, our 
leading sfrafegy, and our utmosf advanfage in achieving fhe overall objecfives of fhis plan, is 
greater energy efficiency. 

Goal: Energy efficiency will offset at least 18 percent of Kentucky's projected 2025 
energy demand. 

Both nationally and worldwide, we are experiencing dramatic increases in costs for our traditional 
nonrenewable sources of energy - coal, natural gas and petroleum. It i s  likely that the prices for these 
global commodities will continue to increase, and therefore consumers' energy bills will continue to rise. 
Most would agree that the era of cheap energy is over. The choice we face is to take no action and 
see large price increases with limited economic security, or to take prudent actions now and realize a 
better chance for smaller price increases as well as increased economic security. In the near term, 
energy efficiency and conservation represent the fastest, cleanest, most cost-effective, and most secure 
methods we have to reduce our growing demand for energy and to help us address issues surrounding 
global climate change. 

Actions to Achieve the Goal 

* An Energy Efficiency Resource Standard (EERS) will be established to support the energy efficiency 
portion of the REPS with a goal of reducing energy consumption by at least 16 percent below 
projected (with no changes) 2025 energy consumption. To achieve the EERS a combination of both 
utility-sponsored and non-utility-sponsored energy efficiency programs will be developed and 
implemented. 
Transportation energy efficiency programs will contribute another two percent reduction 
representing energy savings corresponding to approximately 500 million gallons of motor fuel 
annually. Elements of this component of Sfrafegy 7 support the objectives of the ATFS. 
Kentucky will initiate strong education, outreach and marketing programs that will support all 
energy efficiency activities. 
An energy efficiency program will also be established for state government that has aggressive 
internal energy savings targets. This program is important as it establishes a leadership role for 
state government, and creates many new, well informed energy efficiency advocates for Kentucky. 

* 

0 

Kenfucky currently relies on renewable resources for  less than three percenf o f  i t s  elecfricify 
generafion. The coni~nonwealfh has fhe 5'h largest hydro power producfion east o f  fhe Mississippi, 
and several o f  our ufilifies are utilizing landfill gas for  elecfricify generafion. The pofenfial fo 
increase both o f  fhese resources, especially fhrough landfill gas, is encouraging. However, with 
today's fechnologies, our abiliiy to use some resources such as wind and solar for  baseload 
generafion is limifed in Kenfucky. As technologies advance in the next few decades, this scenario 
can change. I n  the meanfime, especially as part o f  fhe utilify resource planning process, Kenfucky 
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should aggressively pursue ifs options for  renewable generafion in order to achieve greenhouse 
gas reducfions and diversify our energy porffolio. 

Goal: By 2025, Kentucky’s renewable energy generation will triple to provide the 
equivalent of 1,000 megawatts of clean energy while continuing to produce safe, 
abundant, and affordable food, feed and fiber. 

Kentucky does have supplies of non-fossil natural resources that can help contribute to a clean and 
secure energy future, natural resources such as wind, solar, hydropower, biomass and methane. Energy 
from renewable resources benefits the environment while creating economic opportunities -the “green 
collar” jobs for businesses, industries and rural communities. To achieve this goal, the commonwealth 
must aggressively invest in the development of its renewable energy resources. 

Actions to Achieve the Goal 

0 State government will lead by example by requiring new or substantially renovated public 
buildings to use renewable energy a s  a percentage of total energy consumption. The requirements 
will escalate over time to reflect the state’s renewable energy and energy efficiency goals. The 
High Performance Building Committee established in House Bill 2 (2008 regular session) will 
establish renewable energy targets for 201 2,201 8, and 2025 for new or substantially renovated 
buildings. 
Kentucky’s Energy and Environment Cabinet (EEC) will recommend policies and incentives necessary 
to achieve the state’s renewable energy goal. The analysis will include implementation plans for 
the REPS for Kentucky’s electric utilities. 
As Kentucky’s forest resources can potentially contribute more than 50 percent of Kentucky’s 
renewable energy potential, the state will review its policies and regulations to encourage the 
responsible, sustainable use of woody biomass within the guidelines of environmental protection. 

0 

* 

Kenfucky currenily uses only five i o  10 percenf o f  ifs pofenfiol biotnass resources for  fhe 
production of biofuels such as efhanol and biodiesel. Kenfuclcy can significanfly grow ifs 
agriculfural and foresfry resources in an environmentally and econotnically sustainable way fo 
provide more biofuels for fransporfafion, particularly u s  biofuel fechnologies expand in fhe nexf 
decade. W e  can fhereby sfrengfhen our energy securify while growing and diversifying our 
agricultural and foresfry economies, a s  well as reducing our GI-fG etnissions. Through cj 
concerfed efforf and collaboration with agriculfut-a1 producers, researchers at universifies, and 
policy makers, Kenfucky can grow i ts  biofuels industry fo meef 20 percent o f  our current 
fransportafion fuel needs. 

Goal: By 2025, Kentucky will derive from biofuels 12 percent of its motor fuels demand 
(775 million gallons per year, which represents approximately 20 percent of Kentucky’s 
current transportation fuels demand), while continuing to produce safe, abundant, and 
affordable food, feed, and fiber. 



As part of the ATFS, Sfrafegy 3 focuses on research and development (R&D) a s  well as 
deployment of commercial-scale facilities to address technical or infrastructure challenges, thereby 
enhancing the potential to grow the biofuels market. Kentucky will begin a statewide initiative to 
ensure that the needed infrastructure, human resources, research and development support, and 
policies are in place to enable meaningful and sustainable growth in biofuels. Current studies 
indicate there could be a nearly 1 0-fold increase in current bio-based fuels in Kentucky. 

Actions to Achieve the Goal 

e 

0 

I<entucky will invest in algae and other non-food crops as  a feedstock for biodiesel. 
Kentucky will aggressively seek federal support for and invest in ventures that promote a market 
for ethanol from non-traditional feedstocks, especially feedstocks that do not negatively affect 
food prices or availability. 
Kentucky will establish an escalating renewable fuel standard (RFS) for the state vehicle fleet. 
Incentives will be created to encourage production, distribution, and demand for biofuels in 
Kentucky in an environmentally sustainable manner. 

0 
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Energy independence and economic security are mojor objectives of  fhis plan for Kenfucky and for  
fhe United Sfafes. Volatile petroleum prices beyond our confrol promise fo rise again as  fhe 
economy recovers. The United Sfafes iniports 60 percent o f  i f s  pefroleum, largely from unstable 
regions in the Middle Eusf and Soufh America. But, Kentucky has abundunt coal resources and is 
fhe fhird largesf coal producer in fhe Unifed States. The high emissions o f  carbon dioxide info the 
environmenf musf be uddressed now, as fhe Unifed Sfaies moves foword federal mandates and 
penalties for  coal-fired power generafion. Kenfucky can diversify ulfirnafe coal utilization, 
producing cleaner and more efficienf energy for sfafe and cfomesfic use. Coal-fo-liquid and coal- 
fa-gas fechnologies can replace pefr-oleum-based liquids and imporfed nutural gas, respecfively. 

Goal: Kentucky will develop a coal-to-liquids (01) industry that will use 50 million tons 
of coal per year to produce four billion gallons of liquid fuel per year by 2025. 

With its vast coal resources, proven support from elected officials, and dedicated research and 
development program, Kentucky is  uniquely positioned to develop a CTL industry that can serve as an 
engine for economic growth, while helping to reduce our dependence on foreign oil. The actions in 
Strategy 4 further support the implementation of the state's ATFS. 

Actions to Achieve the Goal 

0 Kentucky will sanction two 500 million-gallon per year (approximately 35,000 barrels per day) 
CTL fuel facilities in both 201 3 and 201 4, and then two additional 480 million-gallon per year 
CTL fuel facilities by 201 8, and two more by 2025, for a total of eight new CTL facilities. 
To ensure that trained personnel are available to staff increased coal consumption required by 
the CTL industry, Kentucky's EEC will work with the Community and Technical College System to 

* 



identify appropriate training programs. To achieve the required employment levels, increased 
training capabilities should be available within the next three years. 
Kentucky will evaluate i ts  current coal mining capabilities to ensure that it can achieve the 
necessary levels of coal production to support both coal-fired electricity generation and the 
development of a CTL industry in the near-term. 

Today, about 44 percent o f  Kenfucky's fofal nafural gas requirernenfs are met by in-sfafe 
production; the remainder i s  imporfed. The same fhreafs o f  volafile prices and unstable sources 
apply to our increasing dependence on imporfed nafural gas? just as they d o  on our imporfed oil. 
Moreover, being largely dependenf on external sources of natural gas, Kenfucky's consumers pay 
added fransporfation cosfs for  fhe gas we use. As utilities increase the use o f  nafural gas for 
electricity generafion, in order fo comply wifh iniminenf GHG mandafes, bofh nafural gas and 
elecfricity prices will increase. We need to increase our energy independence wifh nafural gas? 
also. Coal gasificafion technology is neifher new, nor experimental. Virtually all o f  Kenfucky's 
gus needs can be mef if we increase our in-sfufe natural gas praducfion and produce synihefic 
natural gas derived from coal, bofh of which help us to achieve our overall objectives o f  economic 
security and energy independence. A sfrong coal-to- gas indusfry will build upon Kenfucky's 
economic developmenf and increase the nllmber of jobs created by fhe coal-fo-liquids industry. 

Goal: Kentucky will produce the equivalent of 100 percent of our annual natural gas 
requirement by 2025 by augmenting in-state natural gas production with synthetic 
natural gas (SNG) from coal-to-gas (CTG) processing. 

Being significantly dependent on external sources of gas today, consumers in Kentucky pay added 
transportation costs for most of the natural gas that they use. More important, consumers in Kentucky, 
as in other states, have become vulnerable to possible supply uncertainties and price increases and 
spikes as these may occur in the U.S. natural gas system and market. Virtually all of the gas needs of 
Kentucky can be met by increasing Kentucky's own domestic natural gas production supplemented by 
synthetic natural gas produced by gasifying coal. 

Actions to Achieve the Goal 

Research at the University of Kentucky's Center for Applied Energy Research (CAER) should be 
expanded to achieve optimal processes for converting coal to gas under various combinations of 
coals and operating conditions. 
Research at CAER should be enhanced to include the life-cycle carbon reduction potential of 
gasifying biomass with coal in CTG processes. 
A Public Service Commission (PSC) administrative case should be initiated to ensure that 
Kentucky Local Distribution Companies and customers are not harmed by direct sales of gas 
from SNG producers to induslrial plants. 
Assessments of new natural gas resources in Kentucky should be expanded and accelerated. 

0 

o 

0 



0 A comprehensive study of pipeline infrastructure in Kentucky should be initiated to determine 
needs in relation to expanded production of Kentucky’s domestic natural gas and coal-bed 
methane resources. 

More fhan 90 percenf o f  Kentucky\ elecfricify i s  derived from coal-fired power, and we rank 
1 3’h in fotal carbon dioxide emissions. Carbon capture and sequesfration (CCS) is crucial fo 
continued use o f  coal as an energy resource in Kentucky. Success of  CCS will deferinine our 
abilify to meef our fufure energy needs. Currently, CCS developinenf emphasizes geologic 
sequesfrafion. W e  need more fechnicnl options for cod-effecfive carbon management so fhaf  
coal can be  n cleaner energy resource. O f  all the technologies addressed in fhis plan, CCS hus 
fhe greafesf fechnologicul uncerfuinfy, which is why this sfrafeyy emphasizes the need for  
research, dernonsfralion, and deploymenf. Beyond geologic sequestration, the federal 
governmenf has provided liftle leadership in carbon management, bur will likely esfablish CCS as 
c1 priorify in the new administration. Kentucky niusf profecf i f s  coal industry and inifinfe i f s  own 
solufions to managing carbon dioxide emissions as it diversifies i ts  producf line. 

Goal: By 2025, Kentucky will have evaluated and deployed technologies for carbon 
management, with use in 50 percent OB our coal-based energy applications. 

There are unique challenges to be faced in a carbon-constrained world, given Kentucky’s reliance on 
coal-fired power generation. The threats associated with climate change will require Kentucky to make 
a concerted effort to control emissions of carbon dioxide, one of the greenhouse gases, while at the 
same time recognizing that coal will continue to be a vital component of our energy mix. We must find 
ways to reduce carbon dioxide emissions and meet our energy needs for the future. 

Actions to Achieve the Goal 

* The work of the Carbon Management Research Group (CMRG), a consortium of Kentucky’s major 
power companies, the University of Kentucky’s Center for Applied Energy Research (CAER), and the 
Commonwealth of Kentucky’s Energy and Environment Cabinet (EEC) should be supported. The 
CMRG will carry out a ten-year program of research to develop and demonstrate cost-effective 
and practical technologies for reducing and managing carbon dioxide emissions in existing coal- 
fired electric power plants. 
Legal hurdles to successful CCS should be examined with recommended legislative solutions 
provided to the 201 0 General Assembly. 
Necessary staff positions in the Division of Oil and Gas should be funded to support Kentucky’s 
primacy over the underground injection control permitting program. 
The EEC should work closely with university researchers and industry partners to undertake 
one large-scale carbon mitigation project to utilize algae to capture carbon from flue gases, 
and then convert the algae to biofuels. 

0 
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* The Consortium for Carbon Storage, which was established by the Kentucky Geological Survey 
with a seed grant from the EEC should be supported. The Consortium will determine the 
potential for sequestration and for enhanced oil and gas recovery and enhanced coal-bed 
methane recovery using carbon dioxide. 

Wifh major increases in efficiency and conservafion, aggressively utilizing alternative and bio- 
based energy sources, and more effective use o f  cleaner coal technologies, we still will not be able 
fo achieve the projecfed energy demands in 2025 along wifh meaningful GHG reductions. Thus, 
ofher sources of buse-load elecfricify generafion will be  necessary. Many o f  our neighboring 
sfafes are considering nuclear energy. Nuclear power producfian has no direct cclrbon dioxide 
emissions and is already u significanf cornponenf o f  fhe global energy sysfetn. Currenf 
technologies for  nuclear production are superior fo the previous generafion o f  plants, 
complemenfing an already safe indusfry in fhe United Sfafes. Improved reliabilify and efficiency 
have allowed fhe indusfry fo maintain ifs 20 percent share o f  the growing U.S. elecfricify market. 
While fhe issue o f  disposal o f  spenf fuel has not been complefely resolved, progress will 
continue to be made fo arrive at a solution fhaf addresses the notion's needs. 

Goal: Nuclear power will be an important and growing component of the nation's 
energy mix, and Kentucky must decide whether nuclear power will become a significant 
part of meeting the state's energy needs by 2025. 

In a carbon constrained world, the interdependencies among energy, the environment and the economy 
will lead to broad sweeping economic transformations in the 21" century. To find solutions that address 
climate challenges, use our abundant natural resources to gain energy security, and provide the power 
needed to drive our economy will require pursuit of a diversified mix of energy options. In weighing 
the benefits and limitations of potential solutions we must be willing to fully assess and understand the 
societal, technical, and financial trade-offs involved. Nuclear power is one such option that deserves 
our full attention, as i ts technology and safety have significantly improved in the last three decades. It 
also is likely to become a national priority. 

Actions to Achieve the Goal 

* legal hurdles to successful inclusion of nuclear power in Kentucky's energy mix should be examined. 
Specifically, removal or revision of the legislative ban on new nuclear power plants must be 
addressed. 
A public engagement plan should be implemented to gather and address stakeholder feedback 
and concerns and to provide education about nuclear power today. 
Research should be conducted to assess the desirability of co-locating nuclear power plants with 
advanced coal conversion plants to assess the effects on reducing carbon dioxide emissions, 
providing ready access to electricity and/or steam, and possibly using waste heat for the coal 
conversion process. 
Incentives that reduce the risk of capitalizing and financing a new power plant should be 
considered in developing these programs. 

* 

* 

* 
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The EEC should work with the Community and Technical College System to ensure that trained 
personnel are available to staff the construction and operation of nuclear power plants. 
The state universities should explore now the possibility of adding nuclear engineering, health 
physics, and radiological science programs to their curricula. 

Conclusion 

An overarching goal of this action plan has been to identify and address those actions that can be 
implemented in sufficient time to help citizens and businesses prepare for the inevitable changes that 
will occur in the national and global energy landscape in the years ahead. The scientific community 
worldwide and global consortia are concerned that we must act immediately to reduce the impact of 
greenhouse gases on global warming. Environmental protection includes intelligent use of land a s  well 
a s  nonrenewable and renewable resources. This thoughtful strategy will help Kentucky ensure the 
viability of two signature industries - our mining and agricultural industries - while addressing the 
global issue of climate change and, at the same time, allowing new vibrant industries that provide 
high-paying, quality jobs to flourish. 

For Kentucky to be a national energy leader, we must fully integrate the development of our energy 
resources with our mission to protect the environment. Therefore, these strategies address measures to 
utilize our coal resources in a cleaner, more efficient manner, and in a way that will help us assure 
energy security. In fully utilizing our biomass, solar, wind, hydro and other renewable energy resources, 
we not only strengthen our energy and economic security - by diversifying our electricity and 
transportation fuels portfolios - but we also help the state reduce i t s  carbon dioxide and other 
greenhouse gas emissions and other pollutants in a significant way. The seven strategies, when 
implemented, will restructure our energy portfolio in such a way that we can use energy in i t s  broadest 
sense as a tool for economic development, which Kentucky desperately needs. 

With this action-oriented energy plan, by 2025 Kentucky will accomplish the following: 

0 Provide 30,000-40,000 new Kentucky jobs as a result of a booming diversified energy sector 
- at least 12,000 directly in our new energy producing sector (3,500 from coal-to-liquids 
production; 1,800 producing fuels from biomass; 1,700 at coal-to-gas facilities; 4,400 at 
nuclear plants; and 1,000 at other "green collar," or renewable energy, industries), and 
another 20,000-25,000 jobs as a result of the domino effect - lobs which provide indirect 
support to the new booming energy industry. The increase assumes sustaining current 
employment, maintaining annual coal production in Kentucky at current levels, with coal mining 
employment at 7 7,000. 
Achieve energy independence for Kentucky from imported oil. 
Produce annually approximately four billion gallons of liquid fuels from coal (utilizing about 50 
million tons of coal annually). 
Produce annually 135 billion cubic feet of synthetic gas from coal (utilizing about nine million tons 
of coal annually) to augment Kentucky's natural gas supply. 
Reduce the net per capita carbon emissions into the atmosphere by 50 percent, while ensuring 
Kentucky's economic viability by protecting Kentucky's coal industry against negative impacts of 
federally mandated carbon management legislation. This will be accomplished by the combination 
of implementing the carbon capture and sequestration possibilities as determined by the research 
conducted in Sfrafegy 6, and building nuclear and renewable generating capacities as 
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described in Sfrategies 2 and 7. The mix of nuclear power, renewable energy, coal-to-liquids 
and coal-to-gas production, and reduced coal-fired electricity generation will enable 
compliance with federal mandates while increasing the use of Kentucky's home-grown and 
most abundant energy resource, coal. 
Optimize our renewable energy resources, utilizing wind, solar, hydropower, landfill gas, and 
biomass. 
Maintain current energy per capita use despite major energy growth requirements. 

* 

* 

Should we fail in these efforts, by 2025 we will be using over 40 percent more energy; paying 20 
to 50 percent more for each unit of energy purchased; s t i l l  bemoaning our reliance on foreign 
sources of energy; facing a declining coal industry; and finding ourselves captive to limited economic 
development opportunities. 

If we succeed, we shall have produced greater economic and energy security for all Kentuckians, while 
creating significant job growth and economic development in a wide diversity of agricultural, energy, 
high tech and service companies; a cleaner and healthier environment; a reduction in Kentucky's 
contribution to global warming; greater energy efficiencies and independence; and a more substantial 
corporate tax base to support higher quality healthcare, education and transportation for all of us 
throughout the Commonwealth of Kentucky. 



Kentucky Advances in the 21“’ Century 

Kentucky’s, and the nation’s, prosperity depends on having a reliable supply of clean, sustainable 
energy now and far into the future. Addressing energy needs and energy conservation is  not new. 
Many remember the issues we faced in the 1970s when the oil embargo crippled our state and the 
nation. Those issues are heightened today and affect our economic and energy security. Rising oil and 
natural gas prices have startled consumers, who are actively seeking solutions. 

What differentiates the national mood of the 1970s from today are four key issues, all of which are 
addressed throughout this strategic document. 

Global warming is  a known and must be addressed. 
In a global economy, the United States alone controls neither energy prices, nor supply and 
dema nd. 
Kentucky’s electricity energy infrastructure requires major rebuilding over the next 20 years. 
National security i s  directly tied to how energy independent we can become. 

0 

0 

As stated in a 2007 report by the World Resources Institute, “It now seems certain that climate change 
and energy security are two of the greatest challenges the global community faces in the 21 ’+ century. 
Energy policies designed to address one of these challenges alone can have unintended and often 
negative consequences on the other” (World Resources Institute, 2007). 

Climate Change Dictates New Best Practices 

Today, few sti l l  debate the primary cause of climate change. The debate continues, however, about 
how to implement effective policies designed to help us reduce the cause of climate change. Climate 
change is already affecting U.S. water and land resources, agriculture, and biological diversity, 
necessitating corrective actions and the utilization of new resources. 

As a major coal-producing state that relies on coal to generate more than 90 percent of i ts electricity, 
addressing these two paramount issues, energy security and climate change, is problematic. Kentucky’s 
long-standing support of an industry that provides more than 17,000 high-wage jobs and that brings in 
more than $3 billion from out-of-state sales is  increasingly being questioned by some who argue that 
coal is a 20’” century energy source. Thus, while we are blessed with abundant coal resources, we must 
also contend with tlie implications of using these resources in a world of likely limitations on tlie 
emissions of carbon dioxide, a primary greenhouse gas (GHG). Nationwide, coal provides slightly more 
than 50 percent of the electricity needs, while coal-fired generation accounts for 81 percent of GHG 
emissions. 

Federal legislation imposing limits on GHG emissions did not make it out of the 1 10’” session of 
Congress; however, most observers agree that such legislation is a matter of when, not if. America’s 
proposed Climate Security Act of 2007, known as the Lieberman-Warner bill, would have cut GHG 
emissions by two-thirds by the year 2050, largely by means of a cap-and-trade system. The cap would 
have covered 87 percent of U.S. GHG emissions from the electric power, transportation, and industrial 
sectors (including natural gas processors and importers and petroleum processors and refiners). 
Whatever federal legislation is ultimately enacted, we can anticipate that it will have GHG reduction 
goals similar to the Lieberman-Warner proposal. 
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Financial Markets Respond to Climate Risks 

With GHG legislation a near certainty in the future, Wall Street banks have announced that GHG 
emissions will factor into their willingness to loan money for building power plants. In February 2008, 
three of the world’s leading financial institutions announced the formation of The Carbon Principles - 
guidelines on climate change for advisors and lenders to power companies in the United States. The 
institutions created the Principles as a result of the risks faced by the power industry as utilities, 
independent producers, regulators, lenders and investors deal with the uncertainties around regional 
and national climate change policy. If high carbon dioxide-emitting technologies are selected by power 
companies, the signatory banks have agreed to factor these risks and potential mitigation strategies 
into the final financing decision. 

Kentucky Acknowledges Climate Change’s Impact on Coal-Fired Electricity Generation 

Kentucky is the third largest coal-producing state (Wyoming is first and West Virginia second). 
Kentucky accounts for roughly one-tenth of total US. coal production and nearly one-fourth of U.S. 
coal production east of the Mississippi River. With Kentucky’s historic reliance on coal-fired base load 
generation, the state has enjoyed some of the lowest electricity rates in the country. Our low rates 
have allowed energy-intensive industries to flourish in the state. Our low rates have also encouraged 
Kentuckians to become some of the greatest consumers of electricity in the country. Kentucky’s per 
capita consumption of residential electricity is among the highest in the United States (Energy 
Information Administration, 2006). 

Kentucky’s electric power industry emitted more than 93 million metric tons of carbon dioxide in 2006, 
and the state was ranked seventh in the United States in per capita emissions and 13”’ in overall 
carbon dioxide emissions (3.8 percent of the U.S. total). In May 2008, a Brookings Institute report 
identified Lexington as having the highest per capita carbon footprint in tlie United States, and 
Louisville as one of the top five emitters. The Brookings report primarily implicated coal-fired electricity 
generation for the high carbon footprint of these two cities. 

According to a 2007 U.S. Energy 
Information Administration (EIA) report, 
electric utilities will account for the vast 
majority of emissions reductions under 
any Congressional GHG legislation. The 
EIA reports that power plants will 
account for between 80 and 90 
percent of such reductions by 2030. According to the report, the decline in power-plant emissions 
would reflect reduced reliance on coal, with usage as much as 62 percent to 89 percent below what 
would otherwise be the case by 2030. 

The report also predicts that many existing coal-fired plants will likely be retired because it will not 
be practical to retrofit the facilities with capture-and-storage technology. At the same time, 
Kentucky’s demand for electricity i s  projected to increase. The Kentucky Public Service Commission 
estimates an additional 7,000 megawatts of generating capacity will be needed by 2025, or an 
overall annual growth rate of 1.7 percent. The average age of Kentucky’s electric generating 
fleet is 35 years, and therefore will lead to major changes in Kentucky’s electrical energy portfolio 



INTELLIGENT ENERGY CClOlCES FOR KENTIJCKY’S FUTURE 
E P? 8 E 2 

over the next two decades. The EIA indicates that most power companies will likely increase their 
use of nuclear power, renewable fuels, and natural gas as a result of these pressures. 

Energy Independence Means Energy Security 

The United States imports 60 percent of its Oil and Natural Gas 

The United States currently imports approximately 60 percent of its petroleum, more than half of 
which comes from insecure or unstable regions of the world. 

The EIA predicts that our dependence on imports will grow to more than 7 0  percent by 2025, 
unless the United States takes aggressive steps to develop domestic energy supplies. In i ts  2008 
Annual Energy Outlook, the EIA also projects that worldwide demand for oil will remain high, 
despite very high prices for gasoline. 

Many energy experts point out the 
normal demand response to high prices 
is not occurring at the international 
level. The demand for gasoline in the 
United States has relented somewhat 
since 2007, due to high prices, but 
worldwide, demand for oil and energy is  strong and growing as countries are developing economically 
and therefore requiring larger percentages of energy inputs. This is not a short-term trend. 

The International Energy Agency (IEA) estimates that global energy demand will increase 55 
percent by 2030, with nearly 75 percent of that demand coming from developing countries. 

Compounding this challenge, oil and gas in the ground is  becoming more costly to extract. Given 
the crude oil price volatility we have witnessed in the past year and given that most experts 
expect prices to go up again once the 
the last few decades can no longer be 
sustained volatile or high oil prices. 
Thus, economic and energy security 
needs have created an overarching 
demand for greater energy 
independence, with a decided shift 
towards domestically available 
resources. 

worldwide economy rebounds, the strategies and options of 
counted upon to mitigate the economic impacts caused by 

Kentucky Plans Multilayered Strategies to Resolve Energy Issues 

There is  no single solution to our energy challenges. We must focus on strategies that employ all 
existing and emerging technologies and practices that work for Kentucky, finding new ways to utilize 
existing resources with the objectives of high efficiency, energy independence and the reduction of our 
carbon footprint. This document is not intended to be exhaustive. We do not, and cannot, address all 
possible actions that the commonwealth must take over the next two decades, and there will be 
additional important issues that require action. We have, however, attempted to address the major 
overarching and far-reaching actions that are crucial to Kentucky’s future. 



We must remain open to the timely incorporation of future technologies as they emerge with 
exhibited capabilities of greater efficiency and environmental friendliness. For example, to combat 
the risks inherent in our increasing dependence on imported oil and the escalating costs associated 
with growing worldwide demand for all energy resources, the United States, including Kentucky, 
has available a potentially large alternative liquid fuels resource base in the forms of coal and 
biomass to substitute for conventional oil imports. The development of alternative fuels from our 
domestic resources can move us toward transportation fuel independence, while at the same time 
creating high-value jobs and reducing trade and budget deficits. Additionally, this strategy 
provides a long-term market for Kentucky coal. 

Kentucky has been responding to i ts  energy challenges in a number of ways. Within the past two years 
the Kentucky General Assembly enacted House Bill 299, House Bill 1 and House Bill 2. These bills 
established mechanisms to promote renewable energy projects and energy efficiency technologies 
within the state as well as development of alternative transportation fuels from our coal and biomass 
resources. See Appendix A for a detailed list of Kentucky legislation related to energy during the last 
decade. 

In 2007, Kentucky’s 
General Assembly 
also took an 
important step in 
addressing issues of 
carbon dioxide 
unique to Kentucky. 
It directed a 
collaborative report 
on carbon 
ma nag ement 
related to existing 
and new electricity- 
generating units, and provided funding for research on carbon capture and sequestration (CCS) from 
existing power plants; carbon storage in geologic formations; and enhanced oil and gas recovery 
through carbon dioxide injection. As a result of this funding, important industry-public sector-university 
collaborations have developed. 

These significant pieces of legislation have established a foundation upon which to  build an effective, 
comprehensive statewide energy strategy and have provided funding for the state to initiate key 
energy-related projects. 

In June 2008, Governor Steve Beshear announced the state’s partnership with the newly formed 
Western Kentucky Carbon Storage Foundation. With four key energy industry leaders - Peabody 
Energy, ConocoPhillips, E.ON U.S. and TVA - and with the Kentucky Geological Survey, the Foundation 
will test a western Kentucky site for geological sequestration and help to advance the science and 
ultimate deployment of long-term carbon storage opportunities in the state. 

Moreover, Kentucky’s Public Services Commission (PSC) announced in October 2008 that it has 
encouraged the major investor-owned utilities to invest $7.8 million into established carbon capture and 
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sequestration (CCS) research programs. The two research entities are the Carbon Management 
Research Group (CMRG), which is a partnership of the private sector and the University of Kentucky 
Center for Applied Energy Research (CAER); and the Kentucky Consortium for Carbon Storage (KCCS), 
which was created by the Kentucky Geological Survey and the I<entucky Department for Energy 
Development and Independence. KCCS is conducting the test of underground carbon storage in 
western Kentucky. 

According to the World Resources Institute (WRI), "Interest in CCS has grown in recent years since it 
would significantly reduce emissions from fossil fuels, which are expected to continue to meet the 
world's energy needs for decades to come, due to their widespread availability and low cost. 
Challenging economic, technical, social, and institutional hurdles remain, however, before CCS can 
contribute significantly to a larger climate solution" (WRI, 2007). Among these challenges are legal 
and regulatory issues associated with CCS. 

Thus, Kentucky's challenge is also a challenge at the national and international level. While we must 
diversify our energy mix, we must also find ways to utilize our coal resources in a carbon-constrained 
world. 

Clean coal technology and technology to capture and sequester carbon dioxide are crucial to 
Kentucky's continued use of our coal resources; however, considerable development and demonstration 
work remains to be completed to ensure economically viable systems can be installed at the scale 
needed. 

Many state and regional initiatives across the country are helping to frame the debate on climate 
change and determine the policy outcome regarding GHG emissions. In fact, in the United States, most 
of the actions toward addressing climate change are taking place at the state and regional level. 
Kentucky is a participant in many of 
these regional activities, and has 
recently joined the Climate Registry, a 
nonprofit organization governed by a 
board of directors of state, tribal, and 
provincial representatives that 
provides a mechanism to measure 
GHG emissions across industry sectors 
and borders. 

"Non-Renewables" Dominate Kentucky's Energy Production and Use Today 

World events, climate change, uncertain supplies, and an ever-growing global demand for fossil fuels 
have converged to place our collective energy future in jeopardy. We can no longer count on a 
limitless supply of inexpensive fossil fuel to meet our future energy needs. Before discussing the energy 
plan's seven strategies and how they can guide us in the following decades, an overview of Kentucky's 
current production and use is  provided on the next page. 
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Today, coal, natural gas, and petroleum account for 
97 percent of Kentucky's total energy consumption. 
(See Figure 1.) The other three percent of the energy 
consumed in Kentucky comes primarily from 
hydroelectric and other renewable sources. 

Other 1% 

Hydroelectric - /' 
Petroleum 

Kentucky receives petroleum products by pipeline 
and river barge. The state's total petroleum 
consumption is  high ( 1  33,524 thousand barrels per 
year in 2005) relative to its population. Until October 
2008, diesel prices increased almost 70 percent 
($2.72 to $4.61 per gallon) in the last year; gasoline 
prices increased over 31 percent ($3.08 to $4.04 per 
gallon) in the same period. Petroleum prices 
decreased toward the end of 2008 as a result of 
decreased worldwide demand due to the economic 
downturn. 

Natural Gas 

Natural Gas 
P2% 

Source. Ciiergy information Adininistrcitioii 

Figure 1 : Kentucky's Energy Consumption by 
Source-2005 

Kentucky's natural gas production, most of which comes from the Big Sandy field in Eastern 
Kentucky, typically accounts for less than one percent of total annual U.S. natural gas production. 
The majority of Kentucky's natural gas demand i s  supplied by pipelines from the Gulf Coast. 
Industry is Kentucky's largest natural gas-consuming sector, accounting for about one-half of total 
natural gas consumption. More than two-fifths of Kentucky households use natural gas for home 
heating. 

Natural gas prices have increased over 13 percent ($1 0.71 to $1 2.1 3 per thousand cubic feet) in 
the last year. 

Coal 

As noted previously, Kentucky is the third 
largest coal-producing state. It accounts 
for roughly one-tenth of all U.S. coal 
production and nearly one-fourth of U.S. 
coal production east of the Mississippi 
River. In addition, almost one-third of all 
the coal mines in the country are found in 
Kentucky, more than in any other state. 
With both surface and underground coal 
mines, large volumes of coal move in and 
out of Kentucky by railcar and river barge 
to more than two dozen states, most of 
which are on the East Coast and in the 
Midwest. In Kentucky, about three-fifths 
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Figure 2: Comparison of Kentucky's Energy Production and 
Energy Consumption in 2005 by Source (ail sectors) 
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of the coal supply is used for electricity generation, and most of the remainder is used in industrial 
plants. Kentucky exports nearly two-thirds of its coal mined each year to other states. (See Figure 
2.1 

Coal-fired power plants typically account for more than 90 percent of the electricity produced within 
Kentucky, making it one of the most coal-dependent states in the nation. 

The price of Central Appalachia coal has doubled ($57.70 to $1 17.60 per ton) in the last year. 
Electricity prices, although increasing, have not yet begun to reflect this price run-up. If coal prices 
remain at these high levels, electricity prices will also spike. 

Several hydroelectric power plants 
account for most of the state's 
remaining electricity generation. 
Kentucky is currently the fifth largest 
hydroelectric power producing state 
east of the Mississippi River. 

Kentucky Envisions the Future 

The commonwealth already enjoys many comparative advantages in energy production, including a 
strong natural resource base, a highly skilled workforce with a strong work ethic, a highly qualified 
community of educators and researchers, and the commitment of i t s  state government and legislature to 
achieve energy independence and reduce i ts carbon footprint. Building on these advantages, while 
encouraging innovation and ingenuity, will help Kentucky move forward to a secure energy future. 

Responding effectively to the world's new energy realities i s  one of our most urgent and important 
challenges. We must identify and pursue aggressive, yet achievable, solutions to meet our energy 
needs. The following seven strategies presented in this action plan will make Kentucky a leader in the 
nation's efforts to attain energy independence and will provide environmental and economic benefits 
to the citizens of the state. 

1. 
2. 
3. 
4. 
5.  

6. 

7. 

Improve the energy efficiency of Kentucky's homes, buildings, industries and transportation fleet. 
Increase Kentucky's use of renewable energy. 
Sustainably grow Kentucky's production of biofuels. 
Develop a Coal-to-Liquids (CTL) industry in Kentucky to replace petroleum-based liquids. 
Implement a major and comprehensive effort to increase gas supplies, including coal-to-gas in 
Kentucky. 
Initiate aggressive carbon capture/sequestration projects for coal-generated electricity in 
Kentucky. 
Examine the use of nuclear power for electricity generation in Kentucky. 

We shall become an energy producing state for our nation while at the same time achieving efficiency 
in our personal energy use. This will lead us to a position of leadership in the United States and to 
strong economic development, as we mitigate GHG emissions, and provide revolutionary positive 
changes in Kentucky by 2025. 
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industrial sector has flourished 
as a result of low-priced coal- 

Kentucky Must Act 
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Business as lJsual Wilh Plan 

Kentucky's energy use is  projected to grow by slightly more than 40 percent between now and 
2025 under a Business-As-Usual scenario. This energy growth encompasses all sectors, including 
electricity generation, natural gas use, and transportation fuels. Reliable estimates show an annual 
growth in electricity generation alone of close to two percent. As noted, between now and 2025, 
according to estimates from the Kentucky Public Service Commission, Kentucky will need an 
additional 7,000 megawatts of electricity generation. The anticipated additional generation does 
not even account for the retirement of existing coal-fired plants, whose average age in Kentucky 
i s  already more than 35 years. 

This plan, Intelligent Energy Choices for Kentucky's Future, will substantially reduce energy demand 
such that per capita energy use in Kentucky will remain at current levels. 
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generation will not be prudent in the face of 
imminent climate change legislation at the 
federal level. While we anticipate retrofits of 
existing power plants for carbon dioxide 
capture, we must diversify our electricity 
generation to include renewables and other 
sources such as nuclear power. 

At the same time, relying on coal-fired power 
generation in the state will not be sufficient to 
support Kentucky's coal industry. If other states 
cease purchase of Kentucky coal, our coal 
industry and the resulting severance taxes will 
be diminished considerably. By moving some of 
our coal production into transportation fuels 
and synthetic natural gas, we support our 

250 

200 
0) 

0 c 
2 150 

I 
L +d 

.- : 100 - - .- 
I 

5c 

c 

Business-As-Usual 

Reduction throuyh use of 
Nuclear energy 

1990 Level Reduction iliroiiyh 
Carbon capturelstorage 

Reduction through 
Energy efficiency 

2005 2025 

efforts to become less vulnerable to imports 

and ensure a continued market for Kentucky 
coal, sustaining the 17,000 plus iobs in the coal industry, as well as the industry's other effecfs. 

Figure 4: Reductions In Carbon Dioxide Emissions 

We cannot predict with certainty the technological advances that will occur over the next two 
decades, but we can develop flexibility in our energy portfolio that enables us to take timely 
advantage of those advances. For example, if cellulosic biofuels develop rapidly, we will have in 
place the basic industry to readily adapt to these technological advances. If much more efficient 
and economical solar or wind technologies are developed, we will be able to exploit those without 
delay. If nuclear power takes hold more rapidly at the national level, which indications are it will, 
our utilities could already be moving in that direction. A diverse portfolio gives us the flexibility to 
effectively utilize lower carbon-emitting technologies and fundamentally much more 
environmentally benign energy solutions. 

Just as we will experience growth in our demand for energy, our GHG emissions will continue to 
escalate under a Business-As-Usual scenario. With such a high reliance on fossil fuels, our projected 
GHG emissions will be more than 40 percent higher than they are today if we do not take action 
(See Figure 4). With implementation of these proposed strategies, however, our GHG emissions 
could be  more than 50 percent lower in 2025 than they would otherwise be. More significantly, if 
we implement the strategies presented in this plan, GHG emissions in Kentucky could actually be 
20  percent lower in 2025 than our 1990 emissions. 

A Renewable and Efficiency Portfolio Standard Wil l  Be Established 

We must launch our efforts by first focusing on improving energy efficiency in all sectors of 
Kentucky's economy and adopting practical cost-effective conservation practices. Initiatives to 
improve energy efficiency have little cost compared with the economic and environmental benefits 
to be gained. A Renewable and Efficiency Portfolio Standard (REPS) is proposed whereby 25 
percent of Kentucky's energy needs in 2025 will be met by reductions through energy efficiency 
and conservation and through use of renewable resources. Energy efficiency alone will offset at 
least 18  percent of Kentucky's projected 2025 energy demand. This would allow us to meet 60 



percent of our projected 2025 energy requirements through energy efficiency, before any new 
generation. 

As part of the REPS, we will also significantly increase utilization of renewable energy resources 
within the commonwealth. Today, renewable energy accounts for only about three percent of 
Kentucky's entire energy portfolio (this includes biofuels such as ethanol and biodiesel and 
renewable energy used to generate electricity). We will develop our renewable energy resources 
by encouraging greater generation of electricity from such sources as wind, hydro, and solar, and 
by providing incentives for biomass production. Through the REPS, we will increase Kentucky's 
renewable resources to more than triple our current use by 2025. We will achieve this growth by 
relying on our domestic renewable resources, thereby growing jobs both within the "green collar" 
manufacturing sector and within our home-based agricultural sector 

Sfrafegy 7 of this plan details how and what is required for us to achieve a reduction of 18 percent in 
our projected energy needs by 2025. These actions target energy efficiency and conservation in 
homes, offices, government buildings, industries, and the transportation sector. As an integral part of 
the proposed REPS, Sfrafegy 7 ,  with its emphasis on energy efficiency and conservation, will be one of 
the key components of the state's actions to reduce greenhouse gases. See Figure 4, which illustrates 
the 39 million metric tons of reduced GHG emissions that will result from implementation of this 
strategy. 

Sfrafegy 2 strengthens the greenhouse gas reduction efforts, and is another element of the REPS. By 
targeting to the fullest extent development of Kentucky's renewable resources, including solar, wind, 
hydro, and biomass, Kentucky's energy portfolio will begin to take on more breadth and offer new 
economic and environmental opportunities. 

The proposed REPS is designed to allow the commonwealth the opportunity to maximize our renewable 
energy resources within the state without forcing our utilities to purchase higher-priced out-of-state 
renewable energy. But even with this aggressive REPS, Kentucky will sti l l  need to look at our traditional 
energy source - coal -and other options such as nuclear. 

An Alternative Transportation Fuels Standard Will Be Established 

To transition away from dependence on foreign petroleum, Kentucky and the nation can turn to 
domestic resources. By implementing the strategies presented in this plan, Kentucky can displace 60 
percent of i ts  reliance on foreign petroleum by utilizing fuels derived from biomass and coal, and by 
plug-in hybrid vehicles. We can do this using existing infrastructure in such a way that we do not 
increase our net carbon dioxide emissions. As we have witnessed dramatic fluctuations in the price of 
oil during 2008, we should be reminded of our economic and energy security vulnerability that results 
from our growing dependence on imported oil. Our businesses, citizens, and government agencies 
cannot even plan adequate budgets in the face of such uncertainty over prices. The fact that lower 
prices in the latter part of 2008 were a reflection of worldwide recession should not bring a sense of 
relief. 

In Sfrafegy 3, which will be included in the REPS and the ATFS, we will develop Kentucky's biomass 
resources in a sustainable, environmentally sound and economically beneficial manner. While building 
on the state's successes with corn-based ethanol Production and soy-based biodiesel, the state will be 
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positioned to take advantage of existing technologies that expand our options for producing 
environmentally friendly bio-based fuels from cellulosic biomass. 

Even with aggressive energy efficiency and renewable energy efforts, the commonwealth will 
need other resources to meet growing energy demand. If we hope to reduce our dependence on 
foreign oil, we must turn to our domestic fossil fuel resources, especially our coal resources, by 
deploying advanced cleaner coal technologies. The reduction in carbon dioxide emissions by 
2025, can occur despite the fact that we continue to utilize our coal resources (see Figure 4). We 
can do this by capturing and storing carbon dioxide emissions from existing coal-fired electric 
generating units and from newly developed coal-conversion industries that help meet our domestic 
transportation fuel and natural gas needs. 

As another component of the ATFS, Sfrafegy 4 further develops the goals and objectives to establish a 
vibrant coal-derived liquid transportation fuels industry. These objectives have been clearly articulated 
by Kentucky's elected officials, and the action items in Sfrafegy 4 will help to ensure this industry has a 
viable future in the commonwealth. The resulting energy security and economic development 
opportunities are significant, and the coal-to-liquids industry will be key to the continued employment 
of coal miners within the commonwealth. 

Kentucky Will Rely on New, Cleaner Technologies at Home 

Equally important as weaning ourselves from imports of foreign oil is reducing our dependence on 
imported natural gas. Sfrafegy 5 establishes an action plan directed toward increased natural gas 
production in the commonwealth and production of synthetic natural gas from Kentucky's coal resources. 
Again, this initiative intends to build upon the intent of policymakers within Kentucky in recent years to 
promote coal-conversion technologies that supply Kentucky with liquid transportation fuels and 
synthetic natural gas. 

For Kentucky to achieve i t s  greenhouse gas reduction goals, deployment of carbon dioxide capture 
and storage technologies on a large scale i s  crucial. Kentucky must find ways to reduce carbon dioxide 
emissions while ensuring that we meet our growing energy needs. The action plan in Sfrafegy 6 will help 
Kentucky initiate aggressive carbon capture and storage projects, with a goal by 2025 that 50 
percent of Kentucky's coal-based energy facilities will be equipped with carbon management 
technologies. These reductions, illustrated in Figure 4, also show how a combination of actions and 
technologies will be necessary to achieve carbon dioxide emissions reductions. 

Another key component to reducing Kentucky's carbon dioxide emissions is deploying non-carbon 
dioxide emitfing technologies to meet our baseload electricity generation needs in the future. One 
option that must be considered is nuclear power. Given the lengthy timeframe for planning and 
construction of nuclear power plants, it i s  prudent for Kentucky's citizens and policymakers to launch a 
serious discussion today of how we should pursue nuclear power. The uncertainty surrounding federal 
climate legislation, the feasibility of deploying large-scale CCS within the next couple of decades, and 
Kentucky's and the nation's growing demand for electricity require that we consider seriously our 
options regarding nuclear power. Figure 4 illustrates the carbon dioxide reductions that would result 
from effective utilization of nuclear power in Kentucky-approximately 30 percent of Kentucky's 
estimated demand can be met through nuclear generation by 2030. 





GOAL Energy efficiency will offset at least 18 percent o f  Kentucky's projected 2025 energy demand. 

Sfrufegy 1 encompasses elemenh of Kentucky's proposed Renewable and Efficiency Portfolio 
Standard (REPS) and the Alternative Transportation Fuels Standard (ATFS). 

The REPS states that "by 2025, Kentucky will derive at least 25 percent of its projected energy 
demand from energy efficiency, renewable energy and biofuels while continuing to produce safe, 
affordable and abundant food, feed and fiber." 

The ATFS states that "by 2025, Kentucky can displace 60 percent of i ts  reliance on foreign petroleum 
by utilizing fuels such a s  those derived from biomass and coal, plug-in hybrid vehicles, and compressed 
natural gas." 

INTRODUCTION 

Both nationally and worldwide, we are experiencing dramatic increases in costs for our traditional 
sources of energy - coal, natural gas and petroleum. Supply and demand are seeking new 
balance points at much higher price levels with devastating impacts in many regions of the world. In 
the United States, including Kentucky, the rates charged by electric utilities are increasing as a result of 
rising prices for coal and natural gas used to generate power. 

Prices for coal, natural gas, and petroleum likely will continue to increase, and therefore consumers' 
energy bills will continue to rise. Most would agree that the era of cheap energy is over. The choice 
we face is  to take no action and see large price increases, or to take prudent actions now and see 
smaller price increases. In the near term, energy efficiency and conservation represent the fastest, 
cleanest, most cost-effective, and most secure methods we have to reduce our growing demand for 
energy and to help us address issues surrounding global climate change. 

Nationally, approximately 25 percent of total electricity usage can be saved cost-effectively, at an 
average cost of three cents or less per saved kilowatt-hour. New generation sources cost five cents or 
more per kilowatt-hour, making efficiency the lowest cost electricity resource (Laitner, 2007). A recent 
analysis conducted by La Capra Associates shows that Kentucky's marginal cost of electricity could 
increase by 15 to 65 percent with the implementation of federal climate change and greenhouse gas 
policies. Such increases further underscore the value of energy efficiency (Smith, 2007). 

Although the terms energy efficiency 
and energy conservation are often 
used interchangeably, the two can have 
different meanings. Energy 
conservation typically refers to 
reducing the services energy provides 
from the levels that would normally be 
used. For instance, if you raise your 



(Elirhardt-Martinez, 2008) 

Figure 5: Contributions from Energy Efficiency Outstrip Contributions from New 
Supplies: 1970-2006 

home’s thermostat from 70 degrees to 74 degrees during the summer cooling season, then you are 
practicing energy conservation. On the other hand, if you replace an incandescent light bulb with a 
compact fluorescent bulb, you are increasing your energy efficiency. 

Both energy conservation and energy efficiency concepts 
may also be placed into the broader context of “energy 
demand management.” In a utility regulatory context, an 
example of a demand management program that is 
neither conservation nor energy efficiency would be a 
load shifting program. From tlie utility’s point of view, 
having people change their consumption from peak times 
of day to off-peak times may allow the utility to avoid 
turning on a natural gas-fired generating peaking unit, 
which costs more to operate than a typical base load 
coal-fired generating unit. Such actions will save money 
since the higher cost unit i s  not being used. 

Again using energy efficiency as an expression for all 
types of energy demand management programs, many 
studies have concluded that it has a key role in meeting 
our future energy demand. Stated conversely, energy 
efficiency can be thought of as an important source of 
incremental energy supply to help meet future energy 
needs. 

According to the American Council for an Energy Efficient 
Economy (ACEEE), since 1970 energy efficiency has 
contributed more than three times as much energy to the 
U.S. economy as new supplies have contributed. In other 



words, since 1970, based on projections of historical energy consumption increases, we would have 
had to build/discover and bring to market four times as much “new supply” of energy as we actually 
delivered to the market (Ehrhardt-Martinez, 2008). 

Not only does energy efficiency result in savings today, the savings are compounded over time a s  
energy prices continue to rise. Dollar for dollar, energy efficiency is one of the best energy 
investments I<entucky can make. 

Energy efficiency can also provide significant benefits to the state and national economy. Energy 
efficiency improves business competitiveness, household savings and the environment. Green jobs, 
sometimes called green collar jobs, that result from investments in energy efficiency and renewable 
energy, can create opportunities for the economy as well. While additional Kentucky-specific research 
is necessary to estimate the iob impact attributable to increased levels of energy efficiency or use of 
renewable energy sources, there are numerous studies that provide information on a national scale. 

For example, a November 2007 study by the American Solar Energy Society showed that renewable 
energy and energy efficiency industries today generate nearly $1 trillion in revenue in the United 
States and contribute more than $1 50 billion in tax revenue at the federal, state and local levels 
(Bezdek, 2007). 

The National Action Plan for Energy Efficiency (NAPEE), a national commitment to energy efficiency by 
more than 50 leading U.S. gas and electric utilities, utility regulators, and partner organizations, 
estimates that if utilities were to invest roughly $7 billion a year in energy efficiency, this would 
leverage another $20 to $30 million in non-utility investment, yielding annual savings to consumers of 
some $22 billion by 2017. These investment levels could result in the creation of nearly 300,000 jobs 
annually (Song, 2007). 

Kentucky’s investment in energy efficiency will not only reduce our emissions of greenhouse gases and 
dependency an oil from 
foreign sources but will serve 
to stimulate economic growth 
and new job creation. 
Thoughiful policies that 
encourage Kentuckians to 
consider and implement cost- 
effective energy efficiency 
measures will help Kentucky’s 
economic outlook. 

Kentucky’s Current and 
Projected Energy Use 
Patterns 

With our electricity rates 
among the lowest in the 
United States, it is not 
surprising that Kentucky’s per 
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Source Energy Used in 2005 
And Projected Use in 2025 (tBtu) 

capita consumption of residential electricity is among the highest in the country. Our low rates have 
tended to be a barrier to the adoption of effective energy efficiency practices in the state. 

Percent 
Increase 

In 2005, total energy usage in Kentucky was the sixth highest per capita in the United States (EIA, 
2005a). In the same year, the average expenditure per Kentuckian on energy was $4,084, ranking the 
state ninth nationwide even though we ranked 45"' nationwide in energy prices (dollars per million Btu). 
This discrepancy underscores the fact that Kentucky is an energy-intensive state on a per capita basis. 
In 2006, Kentucky's electrical use per industrial customer was 427 percent above the national average 
(ranking third highest); residential use per customer was 24 percent above the national average (sixth 
highest). These averages indicate that there is  opportunity for energy efficiency in Kentucky. 

Commercial 
Industrial 

Energy consumption in Kentucky has increased dramatically since 1980, and the trend toward 
increased consumption is expected to continue. 

260 
863 

2005 Source Energy Usage in KY 
('Total = 1970 tBtu/yr) 

2025 Projected Source Energy Usage in KY'!' 
(Total = 281 5 tBtu/yr) 

Transportation, 

Industnal. 44% 

Commercial, 
13% 

I Industrial, 41% 

Commercial, 

* Business As Usual - BAU projections assume energy efficiency and energy conservation continue at current levels 
but no new efficiencies or conservation initiatives are introduced. 

Figure 7: 2005 Source Energy Usage in Kentucky and Projected to 2025 

Table 1 : Percent Increase from 2005 to 2025 of Source Energy Used 

I Year 1 2  
I Residential I 370 

2025 I I 
536 I 45 I 
527 I 103 I 

1147 I 33 I 
I TransPoflation I 477 
I I 1970 

605 I 27 I 
2815 I 43 I 

(Colliver et al., 2008) 



The EIA Annual Energy Outlook (AEO) gives projections for annual energy consumption through 2030 
for the East South Central region of the United States. In order to use the AEO as the basis for the 
state’s projected usage, Kentucky‘s fraction of the existing East South Central region usage was 
assumed to continue into the future (Colliver et al., 2008). The EIA updates i t s  energy forecast on an 
annual basis; rather than continuously track the most recent forecast the AEO 2006 was used as the 
reference case. 

“Source energy” is the energy content of the primary fuel and is  a 
measure of energy before electric transmission and generation 
losses. Between 2005 and 2025 Kentucky’s total source energy 
usage is projected to grow from 1,970 trillion Btu per year to 2/81 5 
trillion Btu per year, an increase of over 43 percent, approximately 
1.8 percent each year for the 20-year period in a business-as-usual 
scenario (see Figure 7). The commercial and residential sectors are 
predicted to experience the largest percentage growth in energy 
usage (Table 1) (Colliver et al., 2008). 

Conservation and Energy Efficiency in Context 

With cost-effective programs in place, conservation and energy 
efficiency are projected to be the largest contributors to meeting our 
growing energy demand in 2025. Figure 8 shows that energy 
efficiency could offset up to 18 percent of our total energy, or 51 1 
trillion Btu, in 2025. Stated another way, about 60 percent of our new 
energy requirements could be satisfied with energy efficiency, not new 
production. This is not unrealistic as the United States has met 77 
percent of i ts new energy demands with energy efficiency since 1970 
(Laitner, 2007). 

Energy Efficiency, - 
18 0% 

1 Energy, 5 0% 
R enewa b le 

Figure 8: Projected Contribution of Energy Efficiency, Renewable 
Energy and Biofuels to meet Kentucky’s Total 2025 Energy Demand 
(Total Demand=28 15 tBtu) 



Using an analysis by the University of Kentucky as a basis, energy efficiency in the residential, 
commercial and transportation sectors could offset about 10 percent of our projected 2025 energy 
demand; renewables five percent (S fra fegy  2); and biofuels another two percent (S fra fegy  3) (Colliver 
et al., 2008). The remaining eight percent in Strategy 7 includes industrial, transportation and energy 
efficiency technologies not addressed in the University of I<entucky analysis. Additional analysis i s  
needed to determine the total energy efficiency potential for the industrial sector in Kentucky. 

The identification and implementation of energy efficiency programs is a dynamic process. Rising 
energy prices and technological advances significantly affect the cost-effectiveness of energy- 
efficiency programs. Industry and business must continuously reassess these variables along with 
business trends to find optimum energy efficiency solutions that help reduce operating costs. 

Opportunities to Reduce Energy Consumption 

Energy Efficiency Resource Standards 

A growing number of states are adopting energy efficiency resource standards (EERS) or energy 
efficiency portfolio standards (EEPS), to help ensure that cost-effective energy efficiency measures for 
electricity and natural gas are being implemented. 

Currently, 17 states have goals using EERS that quantify how much energy savings will be generated 
from energy efficiency measures. EERS consis? of electric or natural gas energy-savings targets for 
utilities, often with flexibility to achieve the target through a market-based trading system. EERS 
encompass end-user energy-saving improvements that can include distribution system efficiency 
improvements, combined heat and power (CHP) systems, and other high-efficiency distributed 
generation systems (Nadel, 2006). In Kentucky, the Tennessee Valley Authority (TVA) established a 
voluntary energy efficiency target to reduce future systemwide demand by 1,200 megawatts by 207 3 
(EPA, 2008b) (Figure 9). 

Solei: t.im ?efir:? ant! I&chpau 112-2 pmctnig EEXS rzquiienients 

Figure 9: State Energy Efficiency Resource Standard (EERS) Activity, May 2008 

(ACEEE, 2008) 
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EERS require that energy providers meet a specific portion of their electricity and natural gas demand through 
energy efficiency. EERS are intended to help overcome the various barriers that keep utilities and other players 
from investing in cost-effective energy efficiency that several studies predict could meet up to 20 percent of 
the nation's energy demand, or about half of the expected demand growth (Nadel, 2004). However, in many 
states, market barriers, regulatory disincentives, or 
insufficient information about the benefits of energy 
efficiency keep utilities and other customers from 
investing in cost-effective energy efficiency to its full 
potential. 

States have found that establishing explicit targets, 
based on sound analysis of technical and economic 
potential, can help reduce energy demand, cut 
emissions, help address concerns with system 
reliability and provide other energy-related benefits 
(EPA, 2006). 

In some cases, states have combined EERS with 
additional policy measures such as demand-side 
management (DSM) programs, public benefit funds 
and different pricing structures that allow incentives 
for utilities to earn revenue in ways that are not 
entirely linked to additional sales. Aggressive EERS 
targets will require that all economic sectors be 
considered and addressed. 

Under EERS, a state utility commission specifies 
numerical energy savings targets that natural gas 
and/or electricity service providers must meet, on an 
annual and sometimes cumulative basis. EERS can be 
set as a percentage of load growth or base year 
sales, or as a fixed number of units of energy savings 
(e.g., kilowatt-hour or Btu). Targets can also cover 
peak electricity demand (e.g., megawatts capacity). 
The appropriate EERS target depends upon a number 
of factors including the economically achievable 
energy efficiency potential, funding availability, 
emission reduction goals, and other issues including 
how to treat any existing energy efficiency 
requirements (EPA, 2006). 

The implementation of an EERS occurs primarily 
through designated utilities. However, continued state 
involvement is important to oversee the development 
of implementation rules. In particular the state's role 
in evaluating measurement and verification (M&V) is  
critical t o  maintaining credibility for the market and 
commodity. 



A challenge for Kentucky to implement an EERS will be to ensure that it is applied equitably across the 
commonwealth and that both jurisdictional and non-jurisdictional energy service providers and their 
customers are considered. How best to approach this challenge will require further analysis and 
discussion between stakeholders, legislators, regulators and executive agencies. 

As energy efficiency programs designed to achieve the EERS increase in sophistication and complexity 
there will be a demand for improved energy management protocols and control systems. These new 
protocols and systems will come as improvements and upgrades are made in the energy transmission 
infrastructure. Several states are already upgrading their energy transmission infrastructures through 
the implementation of “smart grid” technologies. These are technologies that enable consumers to 
choose what type of energy they receive, as well as having the ability to manage their own 
consumption habits through in-home automation. Consumers better understand how energy is  used within 
their home or business, how much usage costs them, and the impact that energy usage has on the 
environment (Xcel Energy, 2008). 

A “smart grid” is essentially an electric system that integrates the infrastructure, processes, devices, 
information and market structure so that energy can be generated, distributed, and consumed 
more efficiently and cost effectively; thereby achieving a more resilient, secure, reliable and 
environmentally benign energy system. “Smart grid” builds on many of the technologies already 
used by electric utilities but adds communication and control capabilities that will optimize the 
operation of the entire electrical grid. It is also positioned to take advantage of new technologies, 
such as plug-in hybrid electric vehicles, various forms of distributed generation, solar energy, smart 
metering, lighting management systems and distribution automation (NEMA, 2008). 

The development of a new technologically advanced electric network will require additional 
resources and funding that must be evaluated and balanced against enhanced capabilities, 
reliability and overall benefit to the utility and their customers. 

Beyond the benefits tied to reduced energy use, states have found EERS have a number of 
particular advantages as a policy approach (EPA, 2006). The advantages include: 

Simplicity - EERS create a straightforward resource acquisition target for energy providers. 
Cost-Effectiveness - Setting an energy efficiency requirement without explicitly sewing aside a pool 
of funds challenges electricity and natural gas providers to meet the goal in the most cost-efficient 
manner. 
Specificity - By articulating a specific numeric target, EERS can be effective in illuminating how 
much energy efficiency will contribute to reaching goals of energy demand reduction as well 
a s  emission reductions and other public policy goals. 
Economies of Scale - The macro-level targets inherent in EERS allow energy providers to 
aggregate savings across enough end-uses and sectors to meet the overall savings goals cost- 
effectively. This helps address a fundamental barrier to energy efficiency resource 
development: the distributed nature of energy efficiency resources. Securing substantial 
energy-efficiency gains in every end-use and use sector involves millions of homes, offices, 
factories, and other facilities and thus can be difficult when approached at a micro-level. 
Accountability - Because utilities will have an measurement and verification protocol to follow, 
reliable estimates of actual savings can be developed. This feedback can lead to ongoing 
modifications to energy efficiency programs to make them more effective. 

* 

* 

0 
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There is little doubt that energy prices will continue to climb. Higher energy prices will certainly be 
followed by significantly higher energy bills, unless policies are put in place to reduce energy demand 
and usage. There will be a cost 
associated with implementation of an 
EERS program. However, there will also 
be a payback. 

Energy Efficiency Education, 
Outreach and Marketing 

Energy efficiency outreach and 
education are critical to help consumers 
learn about the benefits of energy efficiency and to provide information on the array of products and 
services available to them to help reduce energy consumption. 

There are many readily available, easy to implement, 
cost-effective methods and products that Kentucky 
residents and businesses can use to save energy and 
lower expenses. Unfortunately, many people are 
unaware of these products and services, or they do not 
fully understand the benefits to be gained from them. 

For example, for some measures that are not currently 
cost-effective or that are more expensive to purchase 
up-front, the federal government may offer incentives to 
help bring down the initial cost. Unfortunately, many 
consumers might not know these incentives exist. In some 
cases, certain energy efficiency measures are required 
by law, as in the case of the Kentucky Building Code 
(KBC) and the Kentucky Residential Code (KRC), which 
requires certain standards be incorporated into building 
practices. Still, many of these methods and products have 
not been widely adopted in Kentucky. Increasing public 
awareness of the need to strengthen energy provisions in 
the KBC and KRC, along with enhanced code 
enforcement, will improve the energy efficiency of 
Kentucky's buildings. 

A multi-faceted and wide-ranging public information 
campaign would increase the knowledge of energy 
consumers and help them make better educated decisions 
about energy consumption and equipment purchases. 

Energy Efficiency Leadership by State Government 

State government can improve i t s  building and vehicle 
energy efficiency and, at the same time, substantially 
cuts its costs. Activities already being initiated by the 



Finance and Administration Cabinet through the “Green Team” program must become more robust and 
must be adopted as the normal course of doing business. Additionally, as a large energy buyer, the 
state can boost the markets for advanced technologies and clean energy sources. The state should 
adapt and implement energy management practices and utilize renewable fuels and resources where 
doing so has a life-cycle cost benefit or can assist in transforming the market for these practices and 
technologies. See Near-Term Action 1 for details on state government actions. 

Transportation Energy Efficiency 

Transportation is closely tied to Kentucky’s economy, security and health. High prices for fuel divert 
household dollars from other uses, traffic congestion erodes worker productivity, and prices climb 
for a broad range of consumer goods, including food. In the summer of 2008, crude oil prices set 
record highs. 

One approach to reduce the cost, health and environmental impact of the transportation sector is 
to adopt technologies that make the vehicle-based transportation system more fuel efficient. 
Hybrid gasoline-electric vehicle (HEV) and plug-in hybrid electric (PHEV) technologies use less fuel 
per passenger-mile or ton-mile (freight), and alternative power sources at rest stops reduce the 
need for truck drivers to use fuel to idle their engines during overnight stays. Other transportation 
technologies help traffic flow more smoothly, enabling vehicles to use fuel only when necessary. All 
of  these measures are in use and available in Kentucky, and they offer ways to reduce fuel costs 
and consumption. Technological advances in other transportation modes (e.g., rail and air) will also 
contribute to reduced fuel consumption. 

“Smart” traffic control makes the flow of traffic more efficient through real-time monitoring, 
synchronized traffic devices and other technologies that reduce stopping and idling. ‘These 
technologies include traffic cameras, sensors and controls that respond to traffic activity, and 
synchronized traffic signals or roadway configurations (roundabouts) That reduce idling (Georgia, 
2006). 

EfFicient transportation technologies, such a s  fuel efficient vehicles, also significantly reduce the 
cost, health and environmental impact of the current transportation system. Transportation demand 
management (TDM) addresses the increasing demand for mobility by promoting alternatives to 
vehicle use, particularly single-occupancy vehicle use. Carpooling, vanpooling, telecommuting, 
public transit, walking and bicycling are TDM measures that promote conservation of transportaiion 
energy resources (Georgia, 2006). 

In addition to these measures, the 2007 Energy Independence and Security Act will help Kentucky 
improve i ts  overall vehicle fuel efficiency. The act requires the US. Department of Transportation 
to set tougher fuel economy standards, starting with model year 20 1 1 , until the standards achieve 
a combined average fuel economy for model year 2020 of at least 35 miles per gallon (MPG) 
(DOE, 2008). 

ACHIEVING THE GOAL 

Energy efficiency will offset at least 18 percent of Kentucky’s projected 2025 energy demand. 

Four action items have been identified to achieve this goal. 
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0 An energy efficiency program for state government that has aggressive internal energy savings 
targets will be implemented. This program is important a s  it establishes a leadership role for state 
government. 
As part of an overall REPS, an Energy Efficiency Resource Standard (EERS) for electric and 
natural gas utilities will be set with a goal of reducing energy consumption by at least 16 
percent below currently projected 2025 energy consumption. To achieve the EERS a 
combination of both utility-sponsored and non-utility-sponsored energy efficiency programs 
will be developed and implemented. 
Kentucky will have a strong education, outreach and marketing component that will support all 
of its other energy efficiency activities. Specific savings are not being attributed to this activity 
since it will support all of the efficiency and conservation efforts. 
Transportation energy efficiency programs and vehicle fuel economy initiatives will contribute at 
least another two percent representing a savings of approximately 500 million gallons of motor 
fuel annually. This percentage may be significantly large with efficiency improvements in air and 
rail transportation, and with greater adoption of plug-in hybrid vehicles and fuel-efficient diesel 
engine vehicles. 

0 

* 

Near-Term Actions (1 -3 years) 

1. Kentucky will improve the energy efficiency of state-supported facilities and the fleet fuel 
efficiency of state-owned vehicles. State government will aggressively pursue achieving the 
requirements outlined in Sections 4-8, House Bill 2 and seek other opportunities that will reduce the 
energy consumed by all state-financed or state-owned buildings and vehicles. 

To measure progress toward improving energy efficiency in state government, the following targets 
are recommended: 

0 By 201 5, state-supported facilities will reduce energy consumption by 15 percent 
measured in energy per square foot per year using 2009 consumption as the baseline 
year. By 2025, state-supported facilities will reduce energy Consumption by 25 percent as 
compared to the 2009 baseline year. 
By 2015, the state vehicle fleet fuel economy measured in miles-per-gallon will improve by 
30 percent, or by approximately five miles-per-gallon as compared to a 2007 baseline. 
By 2025, the state vehicle fleet fuel economy will improve by 50 percent a s  compared to 
the 2007 baseline. 

0 

The Energy and Environment Cabinet (EEC) will have overall program responsibility to ensure that 
these goals are achieved and coordinated with state agencies, post-secondary schools and K-12 
schools. 

The Finance and Administration Cabinet (FAC) will have a critical role in measuring and tracking 
progress, building and operating high performance facilities compliant with House Bil l 2 standards, 
and procuring highly fuel-efficient vehicles for The state fleet. The High Performance Building 
Advisory Committee created in House Bill 2 will set aggressive building performance standards. 
The Kentucky Council on Post-Secondary Education, the Kentucky Department of Education and the 
Education Cabinet will also serve in support capacity to reduce energy usage in their respective 
school facilities. 
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The Judicial Branch will also implement actions that support the state energy goals for the facilities 
that they build, maintain or for which they pay energy costs. 

The EEC in collaboration with state agencies, post-secondary schools and K-12 schools will develop 
a comprehensive energy management plan to achieve the state goals. The energy management 
plan will establish and support the following initiatives. 

Buildings 

a Establish an interagency energy rnanagement council consisting of representatives from all 
cabinet-level state agencies, the Kentucky Council on Post-Secondary Education and the 
Kentucky Department of Education to coordinate implementation of the plan. The EEC 
Secretary will chair the council. 
Leverage federal and state funding resources to support procurement of a computer- 
based energy management system that will allow FAC to track and measure energy 
consumption, develop benchmarks and evaluate progress in state-owned facilities. 
Require that all new state-funded buildings be commissioned, a quality assurance process 
that verifies and documents that a facility and all of i t s  subsystems are operating as 
intended by the building owner and as designed by the building architects and engineers. 
Strictly ensure that new building corlstruction complies with whole building life-cycle cost 
analysis as prescribed by KRS 56.778. 
Aggressively pursue the use of energy savings performance contracts (ESPC) as a 
financing mechanism for energy efficiency renovation projects. By January 201 0, all 
state-owned buildings of 20,000 square feet or larger will be evaluated by the FAC to 
determine if they are viable candidates for ESPC. All viable candidates will be included in 
an ESPC by January 2012. 
Identify fiscal strategies that will allow capital construction budgets to be augmented by 
long-term energy efficiency savings from operational budgets. 
Establish a grants program for public K-12 school districts that will help offset the cost 
differential, if any, associated with designing and constructing a new or renovated school 
to ENERGY STAR or Leadership in Energy and Environmental Design (LEED) standards. 

e 

e 

* 

0 

Procuremenl 

0 Establish minimum energy performance criteria for appliance and equipment purchases. 
ENERGY STAR appliances, lighting products and other products will be purchased when 
available. 
Develop purchasing criteria for the commonwealth to increase the overall fuel efficiency 
of the vehicles in i ts state fleet. 

Vehicle Fleet 

Reduce the state fleet inventory to the minimum level feasible while st i l l  meeting agency 
travel needs. 
Downsize fleet vehicles to the smallest class possible while st i l l  meeting agency mission 
requirements. Purchase the most fuel-efficient vehicle having the best value within the 
class. 

0 



0 Integrate cost-effective advanced technologies (e.g., Geographic Information System) into the 
management of Kentucky’s vehicle fleet to reduce fuel consumption and improve overall asset 
control. The FAC should continue and expand current efforts to reduce fuel consumption of the 
state vehicle fleet. 

2. Establish an Energy Efficiency Resource Standard (EERS) with the goal of reducing energy 
consumption by at least 16 percent below projected 2025 energy consumption. 

As components of the EERS: 
0 Kentucky will implement recommendations from the House Bill 1, Section 50 report to 

authorize the Kentucky Public Service Commission (PSC) to develop model demand-side 
management programs and review, evaluate and approve DSM programs for regulated 
utilities. Developing and approving aggressive DSM programs will be the first step toward 
achieving the EERS goal. These recommendations include: amending the existing DSM 
statute (KRS 278.285) to broaden the PSC’s authority to require utilities to implement 
specific DSM programs; clarify and standardize rules governing industrial customer 
exclusion from utility DSM programs; establishing standards for the evaluation of both 
proposed and ongoing DSM programs; and provide for additional PSC staffing and 
relevant training necessary to support increased activities associated with integrated 
Resource Planning, DSM, Certificate of Public Convenience and Necessity, and other issues. 

* The EEC and PSC will conduct a study analyzing the energy efficiency potential of Kentucky’s 
residential, commercial, industrial and transportation sectors. 

* The PSC and EEC will determine the impact, surcharge amount and cost of establishing a 
public benefit fund to support non-utility sponsored energy efficiency programs; 
education, outreach and marketing programs; and .the renewable energy programs 
outlined in Sfrafegy 2. 

e The EEC and PSC will conduct a study that analyzes how a PBF or EERS could be applied to 
both jurisdictional and non-jurisdictional energy service providers and their customers. 

The PSC will conduct a proceeding to evaluate the impact and ramifications of setting an 
EERS goal of reducing energy consumption by at least 16 percent below projected 2025 
energy consumption levels. The proceeding will address the following issues: 

- Identify the mix of programs that should be implemented to cost-effectively achieve 
the EERS by 2025. 
Define a framework and specific tests for determining which efficiency programs and 
policies are cost-effective. 
Develop and implement a plan for the recommended programs. 
Estimate the cost to attain the energy consumption reduction goal. 

- 

- 
- 

* The EEC will identify and recommend new tax incentives that will further enhance energy 
efficiency in the commonwealth. 
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3. The EEC, in conjunction with other state agencies and energy service providers, will conduct a 
vigorous and ongoing public energy efficiency awareness and education program. 

* The public awareness program will target both the general public and specific consuming 
sectors (agricultural, transportation, commercial, schools, etc.). The program will utilize 
partnerships, for instance with the state’s universities and technical colleges and organizations 
such as, but not limited to, the Kentucky Cooperative Extension Service, the National Energy 
Education Development Project, Kentucky league of Cities, and the Kentucky Pollution 
Prevention Center, to increase outreach capabilities. It will aggressively market and promote 
the efficiency tax incentives in House Bill 2. 

0 The EEC’s development of a Kentucky public energy efficiency awareness and education 
program will include the following: 

- 
- 

Form focus groups to ass is t  in the development of survey design. 
Determine baseline attitudes, practices and awareness of energy efficiency, conservation, 
use of renewable energy and biofuels through surveys. 

Develop the message, training outcomes and select media. 
Implement the education, outreach and marketing program. 
Assess results and make corrections to increase effectiveness. 

- Specify objectives and outcomes. 
- 
- 
- 

* The EEC will determine the benefits of establishing energy efficiency Centers of Excellence 
to deploy energy efficiency technology into all sectors of Kentucky’s economy. 

4. I<entucl<y will reduce continued reliance on imported oil by creating incentives that develop a 
robust plug-in hybrid electric vehicle and highly fuel-efficient vehicle market in Kentucky. 

Support transportation demand management efforts that significantly reduce vehicle miles 
traveled (VMT) and utilize telecommunication technologies to reduce travel. 

* The EEC will identify and recommend incentives for plug-in hybrid electric vehicles and 
highly fuel-efficient vehicles in Kentucky to increase market share. 

* Implement “smart” traffic control and transportation demand management strategies 
through actions by the Kentucky Transportation Cabinet. 

9 Develop and grow partnerships with utilities, universities and manufacturers that support an 
emerging highly-efficient vehicle industry in Kentucky. 

0 The EEC will examine the irnpact of a vehicle carbon emissions standard and assessment for 
automobiles, SlJV’s and pick ups. 

Mid-Term Actions (4-7 years) 

1. A policy for “smart grid” development will be established for Kentucky. Electric utilities must work 
in concert with the PSC to develop “smart grid” networks and technologies that will facilitate the 
next generation of DSM programs. 
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2. The PSC and EEC will evaluate rate design and ratemaking alternatives to enhance the impact of 
cost-effective energy efficiencies. 

Long-Term Actions (>7 years) 

1. Kentucky will continue to enhance i t s  electric power system, from power generation to customer 
appliances, by integrating advanced "smart grid" technologies and communication systems to help 
Kentuckians better manage and control their energy demand and costs. 
Kentucky will reevaluate the Energy Efficiency Resource Standard (EERS) goal of reducing source 
energy consumption by at least 16  percent below projected 2025 energy consumption to 
determine if additional reductions are achievable. 

2. 

IMPLEME~TATIO~ SCHEDULE 

It i s  estimated that the energy efficiency measures outlined above can reduce Kentucky's projected 
"Business-As-llsual" (BAU) total source energy consumption in 2025 by at least 18 percent. Figures 10  
and 1 1 identify Sfrafegy T targets for 201 2 and 201 8 as well. With energy efficiency targets, it i s  
frequently difficult to determine the impact certain actions will have on the state's energy mix. The rate 
of adoption of energy efficient practices in the private sector will be greatly influenced by market 
prices. If energy prices continue to escalate at recent rates, adoption of energy efficient techniques 
and technologies will be greatly accelerated. If, on the other hand, energy prices were to decline 
sharply we would probably return to making decisions about energy based solely on energy price, and 
not on the true cost of energy, a cost that takes into account the very real impacts our energy 
consumption has long term on our environment, our economy and our national security. 

Implementing energy efficiency is  a dynamic and on-going process that changes with advances in 
technology and new economic markets. 

In the near term, ensuring the PSC has adequate authority to spur expansion of DSM programs 
and providing authority for implementation of an EERS, along with implementation of effective 
public education and outreach initiatives, will help to accelerate early adoption of energy 
efficiency practices. 

With those actions related to state government buildings and fleet vehicles, the state has direct 
control. Therefore, tlie targets established for state government will be  more readily measurable. 
The High Performance Building Advisory Committee will recommend standards and regulations for 
high performance buildings pursuant to KRS 56.777. The FAC will promulgate regulations so that 
beginning July 1 , 2009, all construction or renovation of public buildings for which 50 percent or 
more of the total capital cost i s  paid by the commonwealth will be designed and constructed, or 
renovated, i o  meet tlie high-performance building standards. Actions by the FAC and EEC to 
increase the fuel efficiency of the state's vehicle fleet will be put into action by October 2009. 

By October 2009 the EEC will complete a plan designed to increase the market share of highly 
fuel-efficient vehicles in Kentucky using state incentives. This plan will be presented to the 201 0 
legislative session for consideration. Included in the plan will be recommended incentives designed 
to increase the market share of plug-in hybrid electric vehicles and highly fuel efficient vehicles in 
Kentucky. 
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The EEC will seek funding to conduct a study on the impact of establishing a vehicle carbon emissions 
standard and assessment for automobiles, SUV’s and pick up trucks. 

E ~ ~ I R O ~ ~ E N T ~ L  BENEFITS 2% LlMlTATlONS 

The estimated 51 1 trillion Btu reduction in projected 2025 source energy consumption attributed to 
energy efficiency alone will result in a reduction of 39 million metric tons of carbon dioxide from the 
Business-As-Usual forecast, assuming there is no change in our energy portfolio mix from tlie present. 
This calculation is  based on Kentucky’s energy consumption profile as of 2005. 

The environmental benefits of aggressively implementing cost-effective energy demand 
management programs are significant, though difficult to quantify. Cost-effective energy 
conservation programs have an immediate monetary effect by reducing energy related 
expenditures today. Taken together, energy efficiency programs will perpetuate tlie savings over 
time as long as people continue to conserve. While most cost-effective energy efficiency 
programs may require a greater up-front expenditure than conservation programs, they will result 
in ongoing savings with no further action required by the consumer. 

To the extent that Kentucky’s energy demand management programs are successful, the incremental 
insult we do to the environment is minimized. Also, when federal greenhouse gas mitigation legislation 
occurs, energy efficiency will benefit Kentuckians by helping to reduce the production of these gases. 

REFERENCES 

American Council for an Energy-Efficient Economy (ACEEE), 2008. “State Energy Efficiency 
Resource Standard (EERS) Activity,” May 2008. 
~~~:/‘/wceee.ors/enel.cvv/s9ate/policies~~ERS Sunimurv 5-7-08.odfI 

Bezdek, Roger, 2007. American Solar Energy Society (ASES), “Renewable Energy and Energy 
Efficiency: Economic Drivers for the 2 1 s t  Century,” 
[iii.tp://ww w . a s e s . o r g ~ ~ ~ ~ ~ o p i  ion=corii conteni & v i e w z a  rticIe&id ~ 2 9 8 ,  I teniidz I 61 

November 2007. 

Colliver, D., J. Bush, A. Davis, M. Montross, R. Fehr, R. Gates, G. Hallich and S. Nokes, 2008. 
University of Kentucky, “A White Paper on Kentucky Resources to Meet Energy Needs of the 
2 5 ~ ~ 2 5  Initiative - AEU-94,” 2008. ~ ~ ~ ~ / / w w w . b a e . u l c ~ . c 3 d u / ~ u b ~ ~ c ~ ~ ~ i o ~ ~ s / ~ ~ U s / ~ ~ U ~ ~ 4 . p d ~ ]  

DOE/Energy Efficiency and Renewable Energy, 2008. “New Energy Act Boosts Fuel Economy 
Standards,” January, 2008. [h t tp : / /wv6w.ec re .e t~e~~v .~~~~~ews /a rch i ve .c fn~ /  
pubOute-%7Bcd%200/o272008%2r)0 1 %2D020/027%7&] 

Ehrhardt-Martinez, Karen & John A. Laitner, 2008. American Council for an Energy-Efficient 
Economy, “The Size of the U.S. Energy Efficiency Market: Generating a More Complete Picture,” 
May 2008. [imp://aceee.or~L/_eubs!e083.pdf?CFIU=~ 664432&CFTC)(CEN=2Q896320] 

Energy Information Administration (EIA), 2005a. “Energy Consumption by Source and Total 
Consumption per Capita, Ranked by State 2005, Table R2,” 2005. 
[ I ~ M D :  /~-~~w\hr.eia.doegov /emeu /stat.es/sep surn/”Iain lriml /rank use txr”.-ca p.htm 



Energy Information Administration (EIA), 2005b. “Energy Consumption Estimates by Source, 
Selected Years, 1 960-2005, Kentucky,” 2005. 
bhe: //www.eia.doe.qov /emeu /states /sep use /tots i /use tot ky.Ii~:~] 

Environmental Protection Agency (EPA), 2006. “Clean Energy-Environment Guide to Action - 
Policies, Best Practices and Action Steps for States,” April 2006. 
~ i ~ ~ ~ ~ ~ w v ~ w . e n a . a o v / c l e u r i e i i ~ ~ ~ g y J c i ~ e r ~ y - r s r o u r u ~ i ~ ~ s i a ~ e - a t i d - l o c a i / s ~ q T e - b e s t  practices.htnil1 

Environmental Protection Agency (EPA), 2008a. “Toyota Motor Engineering & Manufacturing North 
America, Inc.,” 2008. [h~rs://www.ener.gtrstwr.ao~ 
_____-______--.--.I index.cfi*,:2fuseactiori=rsari-ners i n  sr~ctice.si.ro\ilS~r,rv&storvlD= 1UQQ1 2 1 rS.s.teo=CP] 

Environmental Protection Agency (EPA), 2008b. “National Action Plan for Energy Efficiency 
(NAPEE)-Public Statements and Commitments in Support of the Action Plan,” June 2008. 
[ k ~ g J . w  w w. e o a a o v /c I ea 11 e ne I.+& en e r a Y - prow ra m s  /na u_gg/p u b I i c- s i  a t e I 13 e 11i s /in d e x 4 - ! ~ d ]  

Georgia Governor’s Energy Policy Council. 2006. “State Energy Strategy for Georgia,” 
December 2006. ~ ~ ~ : / . / w w w . a e o r q l ~ ~ n ~ ~ ~ y p l a i ~ . o r a / ]  

Laitner, John A., K. Ehrhardt-Martinez & W.R. Prindle, 2007. American Council for an Energy- 
Efficient Economy, “A White Paper prepared for the Energy Efficiency Forum,” April 2007. [l>?t~:/L 
w w w . a ~ e e e . ~ r ~ ~ / ~ o r ~ ~ / ~ ~ f ~ ~ i a ~ ~ ~ e / f i ~ a r i ~ e f ~ ~ ~ r n ~ v ‘ ( ~ . ~ ) d f l  

Nadel, Steven, 2006. American Council for an Energy-Efficient Economy, “Energy Efficiency and 
Resource Standards: Experience and Recommendations,” March 2006. ~ ~ ~ : / / w w L h ~ . a c e e e . o r ~ ~  
.p u bs/e063 a hIm] 

Nadel, Steven, A. Shipley & R Neal Elliott, 2004. American Council for an Energy-Efficient 
Economy, “The Technical, Econamic and Achievable Potential for Energy-Efficiency in the U.S.-A 
Meta-Analysis of Recent Studies,” Proceedings of the 2004 ACEEE Summer Study on Energy 
Efficiency in Buildings, 2004. ~ h t t l ~ : / / w ~ w . a ~ e e e . o r ~ ~ ~ c ~ i ~ f / ~ 4 ~ s / r ~ e m ~ t w . ~ d f ]  

NEMA, The Association of Electrical and Medical Imaging Equipment Manufacturers, 2008. “What is 
Smart Grid and Why is it Important?” 2008. ~~~~~www.N.s ie inu .oPg/aov/er7eryy/s inar ta r~d/  
whatlsSnmr tGrid.cCmJ 

Smith, lee, 2007. l a  Capra Associates, liic., “Report an Rate Design and Rateniaking Alternatives as 
They Impact Energy Efficiency.” November, 2007. 

Song, Una, 2007. World Watch Institute, “Policymakers Recognize Value of ‘Green’ lob Creation,” 
0 cto be r 2 007. [ ITtipe /[&wzw o r Id wa tc  17.0 ra /n od e /540 4 

Xcel Energy, 2008. “Excel Energy Smart Grid: A White Paper,” 2008. 
[hi-t-~: //www.~ceIenera~.ccat~i/docs/Sniar~Grid White P a n e r d f ]  



GOAL Goal: By 2025, Kentucky’s renewable energy generation will triple to provide the equivalent o f  
1,000 megawatts of clean energy while continuing to produce safe, abundant, and affordable 
food, feed and fiber. 

The goal for Sfrategy 2 is part of Kentucky’s Renewable Energy and Energy Efficiency Portfolio 
Standard (REPS) that states that “by 2025, I<entucky will derive at least 25 percent of its projected 
energy demand from energy efficiency, renewable energy and biofuels while continuing to 
produce safe, affordable and abundant food, feed and fiber.” 

INTRODUCTION 

Energy from renewable resources benefits the environment while creating economic opportunities 
- the “green collar” iobs - for businesses, industry and rural communities. Renewable energy is 
one component of a three-part vision (Strategies 7,2 and 3) to provide 25 percent of Kentucky’s 
energy needs by 2025 through energy efficiency, renewable energy and biofuels. To achieve this 
goal, the commonwealth must aggressively invest in the development of its renewable energy 
resources. 

Renewable energy provides users, utilities, and communities many benefits beyond its direct 
energy services. These include: 

* Distributed energy security - renewable energy systems operate on a smaller scale than 
centralized power plants and can be dispersed throughout transmission infrastructures. 

Energy independence - energy generated from renewable resources reduces the state’s reliance 
on imported oil and natural gas. 

Improved environmental quality - relative to conventional power production, renewable energy 
systems reduce air pollutants, generate less thermal pollution and emit fewer greenhouse gases into 
the atmosphere. 

Economic investment - developing renewable energy markets diversifies local economies and 
creates employment opportunities for research, manufacturing and businesses. 

Job creation - growing the renewable energy sector will bring new technologies to market and 
create new “green collar” iobs. 

0 

0 

* 

Renewable energy refers to energy resources that are naturally replenishing and virtually 
inexhaustible in duration but limited in the amount of energy that is available per unit of time (EIA, 
2008). Examples of renewable energy resources in Kentucky include hydroelectric, landfill gas, 
biomass, solar and wind energy. For discussion in this strategy, renewable energy does not include 
biofuels derived from plant materials, which are discussed separately in Strategy 3. 

Kentucky’s Renewable Energy Today 

Kentucky’s current use of renewable energy resources is limited. According to the EIA, of the 98.8 
million megawatt hours of electricity produced in Kentucky in 2006, 92.3 percent was from coal- 

. STRATEGY 2 PAGE 31 
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fired sources, 2.6 percent from hydroelectric stations and 0.5 percent from other renewable 
resources (EIA, 2008b). 

2006 
Genwi t ion  

Total Rcncwiiblc Set Generation 

As shown in Table 2, renewable electricity generation in Kentucky today is dominated by 
hydroelectric resources (85 percent) with smaller amounts provided by wood waste ( 1  2 percent) 
and landfill methane (three percent) utilization. Kentucky does not have readily accessible 
reservoirs of steam, hot water or hot dry rocks for the production of electricity fram geothermal 
resources. 

Thoiisand Pcrccnt uf State 
Ylcgaa-att-Hours Tutii 

.3.1)!52 3.1 

Table 2: Kentucky Renewable Electric Power Industry Statistics (EIA, 2008b) 

Geotlicrinal 
Hydro Coiivciitioiial 
Solar 
Wiiid 
Wood/Wood Waste 
MSW BiogciiidLandfill Gas' 
Other Bioinass 

- 

r--- ~ _ _ ~  

____ 2.592 2.6 

370 0.4 
88 0. I 
2 

Kentucky's Renewable Energy Opportunities 

Relative to other parts of the nation, Kentucky does not have significant saurces of utility-scale 
renewable energy. Biomass and hydropower have the greatest potential for high capacity 
applications, but the state's limited exposure to strong winds, clear sunshine and deep waters 
implies that the majority of renewable energy systems will be widely distributed and relatively 
small in scale. 

Solar Energy 

Kentucky does not receive sufficient direct sunlight ta make concentrating solar power a viable 
option today, but it does receive ample amounts of solar radiation for photovoltaic and solar 
heating applications (U.S. Department of Energy, Alternative Energy Resources in Kentucky). In this 
regard, the lack of significant development of solar energy in Kentucky is not because of a lack of 
solar energy resource, but rather, a reflection of historical economic conditions which have favored 
fossil-based energy resources. 

The solar resaurces available to Kentucky and much of the United States greatly exceed those of 
Germany, which leads the world with grid-tied photovoltaic installations, reaching 1,328 megawatts 
in 2007. Perhaps even more significant, over 40 percent of the German market consists of systems 
below ten kilowatt capacity (Solarbuzz, 2008 Report). 

Solar Photovoltaic Electricity 

The state's primary energy consumption in 2025 could be reduced by 12.4 trillion Btu through the 
widespread deployment of solar photovoltaic (PV) systems. A report from the University of 
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Kentucky estimates that widespread deployment of 470 megawatts of solar photovoltaic electricity 
could reduce the state's primary energy consumption in 2025 by 6.3 trillion Btu if 6-kilowatt 
systems were installed on one out of every five new homes built between 2008 and 2025 (Colliver 
et al., 2008). Although a similar analysis was not conducted for commercial and industrial sectors, it 

is reasonable to assume that installed capacity in these sectors would meet or exceed residential 
growth (SEIA, 2008). 

A PV solar capacity of 940 megawatts is high by today's standards, however there are strong signs of 
explosive growth and investment in the U.S. solar industry. Between 2001 and 2006, domestic 
shipments of photovoltaic cells and modules increased an average of 50 percent each year (EIA, 
2007b) and, whereas approximately 150 megawatts of solar PV was installed in the U.S. in 2007, 
an additional 800 to 1,500 megawatts of PV capacity is expected each year by 201 1 (Koot, 
2008). 

In Kentucky, a 6-kilowatt grid-tied PV system could be expected to generate about 7,500 kilowatt- 
hours of electricity over the course of a year. In a region where household electricity consumption 
averages nearly 1,200 kilowatt-hours per month, approximately half of a home's annual electricity 
consumption would come from solar power (EIA, 2001). Today, solar PV systems cost about $7-$10 
per watt of capacity installed. Thus a 6-kilowatt system would be on the order of $50,000 without 
incentives or tax credits. Solar PV systems are eligible for a federal tax credit of 30 percent of 
the system costs. The cost of photovoltaic energy is high today, but newer more efficient solar cells 
are coming to market to help lower prices. The goal of the DOE'S Solar America Initiative is to 
make solar cost-competitive with conventional electricity by reducing residential solar costs from 
32$ per kilowatt-hour in 2005 to 1 O$ per kilowatt-hour by 201 5 (DOE, 2008b). 

Many state and local governments are pursuing PV installations on public buildings. To do this 
successfully, sound public policy, financial incentives, and committed program administrators are 
required. The most common benefits associated with public-sector solar programs include (Cory et al., 
2008): 

o 

o 

e 

* 

PV can reduce utility peak summer demand. 
PV offers predictability of future utility expenses. 
PV reduces greenhouse gas (GHG) emissions. 
Public-sector PV stimulates the market and motivates other sectors to deploy solar. 
PV promotes the creation of local jobs. 
PV can provide emergency power benefits for critical municipal services during and directly after 
a disruption to the electrical grid. 

* 

Solar Thermal Hot Water 

Energy used for water heating is a significant portion of the total energy demand in the 
commercial and residential sectors. In 2004, water heating in the residential sector consumed about 
23 percent of all residential natural gas use, eight percent of all residential electricity use, and 
about 12  percent of total residential energy expenditures. Nationwide, about eight percent of all 
end-use natural gas is used to heat water in commercial and residential buildings. Solar water 
heating (SWH), which uses the sun to heat water directly or v ia  a heat-transfer fluid in a collector, 
may be particularly important in its ability to reduce natural gas use (Denholm, 2007). 
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According to the University of Kentucky analysis, if one in five new housing units built between 
2008 and 2025 includes solar water heating, the state could reduce its primary energy 
consumption in 2025 by 2.0 trillion Btu. Many non-residential applications also exist, including 
swimming pool heating, laundromats, hotels, dormitories, multi-family dwellings, and places with 
significant food preparation or processing. In total, these applications could amount to 70 percent 
of residential capacity (McMullen et al., 2008), bringing the total potential for solar water heating 
in Kentucky to 3.4 trillion Btu. 

Wind Energy 

Electricity generated from wind is  becoming one of the least costly and most readily deployed 
options for new generation. In 2007, wind projects accounted for nearly 30 percent of all new 
power generating capacity in the United States. A 2008 report by the U.S. Department of Energy 
finds that the United States possesses enough affordable resources to contribute 20 percent wind 
energy to the nation’s electricity supply by 2030 (DOE, 2 0 0 8 ~ ) .  

The Wind Energy Resource Atlas of the United States associates most areas of Kentucky with a 
class 1 or class 2 wind power designation. A wind power class represents a range of wind power 
densities (W/m2) that is likely to be encountered at an exposed site in the area. Large wind 
turbine applications require class 3 or better wind power. Class 2 areas are considered marginal 
and class 1 areas are generally unsuitable. Small areas of class 3 wind power are found along the 
mountain ridges in the extreme southeastern part of Kentucky. 

Citing data from a 1991 study by the 1J.S. Department of Energy’s Pacific Northwest National 
Laboratory, the American Wind Energy Association estimates that Kentucky has 19 square miles of 
class 3+ areas that are not under land-use or environmental restrictions. Developing these areas 
and accounting for the potential of small wind systems, 
Kentucky is believed to have the capacity to generate 34 
megawatts of wind energy power on average. Operating 
over the course of a year, this renewable resource could 
reduce the state’s (primary) energy consumption by 3.2 trillion 
Btu (Colliver et al., 2008). 

large-scale wind projects in other states have encountered 
resistance to such issues as: 

e 

* 
* 

Avian and bat mortality rates along migratory routes. 
Sight line obstructions of notable vistas. 
Arbitration of property easements and downstream wind 
shielding. 
Adverse effects on localized temperature and moisture, 
especially around agricultural lands. 

0 

These issues are likely to diminish in proportion to the smaller 
size of the wind farms anticipated in Kentucky, but further 
consideration is justified in order to facilitate development of 
the wind industry in the state. 



Biomass Energy 

Biomass is plant matter such as  trees, grasses, agricultural 
crops, or other biological material. It can be used as a 
solid fuel, or converted into liquid or gaseous forms for the 
production of electric power, heat, chemicals or fuels. 
Biomass-based electricify generation is considered a 
relatively cost-effective renewable technology for 
Kentucky, but the economics generally require placement 
of the electric generation facility near the feedstock fuel 
source. 

Municipal so1id waste (MSW) power plants burn solid 
refuse from relatively large urban centers. While this type 
of power plant can be economically feasible, many 
concerns have been raised about the environmental 
safety of burning a multitude of domestic, commercial and 
industrial waste products. This risk can be mitigated by 
using relatively homogenous waste streams, such as  scrap 
from manufacturing processes, or by presorting the waste 
content. Kentucky burns negligible amounts of MSW for 
the generation of electricity. 

Landfill gas (LFG) power plants are a variant of MSW technology, where gas from the 
decomposition of waste is used to fire turbines for electric generation. Municipal solid waste 
landfills are the second largest source of human-related methane emissions in the United States, 
accounting for nearly 23 percent of these emissions in 2006. At the same time, methane emissions 
from landfills represent a lost opportunity to capture and use a significant energy resource. 
Landfill gas consists of about 50 percent methane, the primary component of natural gas, about 50 
percent carbon dioxide, and a small amount of non-methane organic compounds. Using LFG helps 
to reduce odors and other hazards associated with LFG emissions, and it helps prevent methane 
from migrating into the atmosphere and contributing to local smog and global climate change (EPA, 
2008). 

Kentucky has five active LEG power plants and a sixth project i s  under construction. The five active 
sites have a combined generating capacity of 16 megawatts (EPA, 2008b). The state's largest 
landfill, Louisville's Outer Loop, diverts a portion of its methane gas for direct use in a nearby 
industrial park. An additional 1 8 candidate sites and 12 potential sites are identified in the EPAs 
database. The theoretical potential of these resources could reduce the state's energy consumption 
by 5.9 trillion Btu (Colliver et al., 2008). 

The decomposition that occurs underground in landfills can be engineered using anaerobic digester 
(AD) systems. Anaerobic digesters, often referred to as methane digesters, are amenable to 
biamass resources having high moisture contents. By products from Kentucky's wastewater 
treatment facilities, ethanol and distiller industries and livestock operations could be converted into 
biogas using AD technology. Besides energy production, anaerobic digesters offer other benefits 
including odor reduction, reduced greenhouse gas emissions, and potential pathogen reductions. 
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A 2003 assessment of wastewater AD plants in 
Wisconsin concluded that the technology can be cost 
effective for plants treating at least one million 
gallons per day (Vik, 2003). According to the USDA, 
the long-term success of AD systems in the livestock 
industry has been more limited. In many cases, the 
AD systems failed, not because of technological 
shortcomings but because the owner was unwilling to 
continue with the necessary operation and 
maintenance. 
technology over the past five years has led to ai1 
increase in the number of vendors marketing 
complete systems. The most cost effective designs 
are likely to be installed at larger animal feeding 
operations and directly use the biogas produced on 
site. Biogas systems are less complex and thus 
cheaper to install and operate compared to systems 
that generate electricity (USDA, 2007). 

Nonetheless, renewed interest in AD 

Woody Biomass 

Kentucky has great potential for producing 
renewable energy from woody biomass (Figure 12). 
Wood energy sources might include woody residues 
from primary and secondary forest industries (such 
as bark, sawdust, slabs, trimming and edgings, etc.), 
residues from logging (tops, unmerchantable sections 
of stemwood), urban wood residues, woody energy 
plantations, and a portion of net forest growth that i s  
not currently utilized. 

I<entucky is ranked as one of the top five states in 
the production of industrial wood residues (1.59 
million dry tons per year). However, most of these 
residues, primarily from sawmills, are already utilized 
as boiler fuel, horse bedding, landscape materials/ 
mulch, charcoal, and other products. The National 
Biomass Partnership (NBP) estimates that 3.5 million 
dry tons per year of underutilized biomass is  available beyond what is being produced by 
Kentucky forest industries. The majority comes from logging residues associated with current 
harvest levels (1.95 million tons), but the removal of unmerchantable trees and underbrush for fuel 
deduction thinnings (1.21 million tons) and the diversion of urban residues (0.34 million tons) would 
also play a role. The NBP believes that another 3.78 million dry tons per year could be realized 
by using 25 percent of the land not cropped or enrolled in the Conservation Reserve Program to 
grow short rotation woody crops like hybrid poplar or willow, assuming a nominal biomass yield of 
4.5 dry tons per acre per year (NBP, 2007). 
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Figure 12: Forested Land Covers 12 million acres (47 percent) 
of Kentucky (Turner, 2008) 

The net growth of merchantable trees could yield an 
additional 1.9 million dry tons of biomass potential 
annually. According to Kentucky's 2004 Forest Inventory 
and Analysis, Kentucky forests are annually growing more 
biomass than is being removed. The analysis concludes that 
approximately one billion board feet of sawtimber, 
equivalent to 1.9 million dry tons per year, i s  available 
from the net growth of merchantable trees (Turner, 2008). 
Net growth is defined as growth beyond what is removed 
either through harvesting or loss of forest acreage. 

In total, approximately 9.1 8 million dry tons of biomass 
potentially could be annually harvested, recovered, or 
specifically grown for biomass fuel in Kentucky without 
diverting biomass from existing uses. Assuming a heating value of 8,000 Btu per dry pound, this 
resource could provide up to 147 trillion Btu of renewable energy potential each year; however, 
capitalizing on the entirety of this resource is unlikely, despite being technically feasible. 

The utilization capacity will eventually be determined by the marketplace with pressure anticipated 
from carbon management and renewable energy policies at the state and/or federal level. 
Lacking additional economic analysis and recognizing that only a portion of this resource will be 
developed, it is assumed that Kentucky's forests will contribute 66.9 trillion Btu of energy in 2025. 
This is approximately two and a half times more biomass energy than what is being utilized today 
(EIA, 2008~) .  

An advantage to woody biomass material is that it can be used to produce a variety of end-use 
products such as fuels, chemicals and power. It can be burned directly or converted into 
combustible fuels using thermal and/or chemical processes (Badger et al., 2007). While woody 
biomass is generally more cost-effective when co-fired with fossil fuels, this approach introduces a 
number of material handling and material compatibility issues. A bigger concern for older plants is 
permitting. Many facilities currently operate under permits that were grandfathered in when 
environmental regulations were strengthened. Such permits often limit the types of fuels they are 
allowed to burn. As long as they continue to operate as dictated by the original permit, they are 
not required to upgrade the facility. This creates a possible disincentive for incremental changes 
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even if the outcome is an improvement in overall emissions (Badger et ai., 2007b). 

It is important to note that the potential for cellulosic ethanol identified in Sfrafegy 3 does not 
include the 66.9 trillion Btu per year of woody biomass resources described above. Woody 
biomass could conceivably be used to produce either electricity or transportation fuel. The end 
use will be dictated by the market economics defined in part by material and land availability, 
consumer demand, emerging technologies, financial incentives and government policy. Utility 
companies will be more favorably inclined to policies that are positive and certain. The current 
federal Renewable Fuels Standard requires 36 billion gallons of renewable fuels to be used by 
2022, of which 16 billion gallons must come from cellulosic resources (RFA, 2008). 

Hydroelectric Power 

In 2008, the Kentucky legislature authorized the Kentucky River Authority to promote private 
investment in the installation of hydroelectric generating units on all existing constructed and 
reconstructed Kentucky River dams under its jurisdiction (LRC, 2008). 

The potential for new hydroelectric generation in Kentucky is likely to occur at sites that have an 
existing impoundment or minimally invasive run-of-river projects. Hydropower development is difficult 
because of competing uses for water, concerns for fish and wildlife, and the potential for impact by 
drought. In 1998, the Idaho National Laboratory (INL) conducted a resource assessment of the 
undeveloped hydropower potential in Kentucky. Forty-seven 
of the 51 sites assessed in tlie study already have some type 
of dam or impoundment, and 65 percent were considered 
small hydropower, less than 10 megawatts. The total 
undeveloped hydropower potential was 439 megawatts (INL, 
1998). 

Large hydro projects require very long lead times and 
large capital investments, and usually generate significant 
stakeholder opposition. Three new hydroelectric projects 
have been announced and two are in the early stages of 
development that utilize existing infrastructure. 
projects range from five megawatts to 105 megawatts with 
a total generating capacity of 262 megawatts (Overland, 
2008). 

The 

Assuming a quarter of the 701 megawatts identified in 
these two reports is developed and assuming a 40 percent 
capacity factor for hydro, Kentucky could replace 5.4 
trillion Btu of fossil-based fuels. The additional capacity 
represents a 24 percent increase over tlie 2006 
hydropower generation and would bring the state’s total 
hydropower potential to 35.0 trillion Btu. 

Renewable Energy Markets 

Mechanisms for promoting renewable energy include voluntary and mandatory markets. 
Mandatory markets exist where policy decisions, such as state renewable portfolio standards, 
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dictate that electric service providers include a minimum amount of renewable energy in their 
electricity supply. To promote portfolio diversification, many states establish set-aside or “carve 
outs” for higher cost technologies. Without carve-outs, an RPS will generally exhaust low-cost 
technologies first before maturing other markets (Clean Energy Group, 2008). 

Kentucky daes not currently have a Renewable Portfolio Standard (RPS). The matter was formally 
reviewed in the PSC Case 2007-00477 in which the PSC advised that the structure of an RPS as well 
as the reliability and cost effectiveness of an energy portfolio containing increasing amounts of 
renewable energy should be reviewed and evaluated. (PSC, 2008b). In setting an RPS for Kentucky 
consideration must be  given to both jurisdictional and non-jurisdictional energy service providers and 
how the RPS is applied to each. 

Voluntary consumer decisions to purchase electricity supplied from renewable energy sources 
represent a powerful market support mechanism for renewable energy development. Beginning 
in the early 1990s, a small number of U.S. utilities began offering “green power” options to their 
customers. Green power represents renewable energy 
resources and technologies that provide the highest 
environmental benefit. Customers often buy green 
power for avoided environmental impacts and to 
support i t s  greenhouse gas reduction benefits. Many 
Fortune 500 companies, local, state and federal 
governments, and a growing number of colleges and 
universities purchase green power to demonstrate their 
commitment to the environment and to lead by example 
(EPA, 2008~) .  

In Kentucky, all electric utilities regulated by the PSC 
offer green power to their utility customers. Green 
power is purchased in blocks of kilowatt-hours with price 
premiums ranging from 1.67 to 2.75 cents per kilowatt- 
hour. The 2006 average residential price for electricity 
in Kentucky was 7.02 cents per kilowatt-hour. 

As an alternative to green power, or where green 
power is not available, individuals and organizations can 
support renewable energy development by purchasing 
Renewable Energy Certificates (RECs). A REC represents 
the property rights to the environmental, social, and 
other non-power qualities of one megawatt-hour of 
renewable electricity generation. A REC, and i t s  
associated attributes and benefits, can be sold 
separately from the underlying physical electricity 
associated with a renewable generation source (EPA, 
2008d). RECs provide buyers flexibility in procuring 
green power across a diverse geographical area, but do 
not necessarily support local renewable energy projects. 



Challenges to Renewable Energy Production 

Financial 

Renewable energy markets, until they mature, need predictable, long-term incentives and policy 
support to function in the near term. A significant barrier to the wide-spread adoption of 
renewable energy systems is that initial costs are high while the financial savings from avoided 
energy purchases are low. 

Kentucky has not had a major driver to help encourage the use of renewable energy. Only recently 
were utility-scale, renewable energy facilities included in state tax incentive financing. In 2007, 
Kentucky passed the "Incentives for Energy Independence Act" which provides incentives for companies 
that construct, retrofit or upgrade a facility to generate electricity from renewable energy resources. 
To qualify, the renewable energy facility must generate at least one megawatt o f  power (50 ltilowatts 
for solar) and incur a minimum capital investment of $1 million (LRC, 2007). 

Through 2008, state-wide incentives for homeowners and businesses to install renewable energy 
systems are limited to the federal tax credit for solar energy contained in the Energy Policy Act of 
2005. The credit, recently extended through 201 6, covers 30 percent of the cost of a solar PV or 
solar hot water system up to $2,000. In 2009, the cap will be  removed for PV systems only (TIAP, 
2008). 

Beginning in 2009, Kentucky will offer a tax credit up to $500 for homeowners and up to $1,000 for 
businesses to install renewable energy systems utilizing wind and solar energy. Relative to the required 
capital investment, the tax credits are too small to significantly move the market. In order to grow the 
renewable energy markets in Kentucky, the incentives need to be better aligned with cost-based rates. 

Regulatory 

Renewable energy, by i t s  nature, is closely tied to the strategy of distributed generation - 
producing electricity near its point of use. Distributed generation (DG) can provide system-wide 
benefits in the form of a diversified fuel mix and ease the strain on utility transmission and 
distribution networks. Often cited impediments to successful development of distributed generation 
are (PSC, 2008): 

* Historically low electricity prices. 
0 

0 

0 

0 

Redundant technical requirements that increase interconnection costs. 
Utility standby charges for backup power. 
Arbitrary electricity prices for systems outside of net metering policies. 
Lack of standard siting requirements. 

Two key prerequisites for developing distributed generation projects include the availability of 
uniform interconnection standards and net metering rules. They are fundamental to the issue of 
access to the grid on a basis of economic cost. 

Standard interconnection rules establish clear and uniform processes and technical requirements 
that apply to utilities within a state. These rules reduce uncertainty and prevent time delays that 
clean distributed generation systems can encounter when obtaining approval for electric grid 
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megawatts in capacity. Although FERC’s 
interconnection rules for small generators are 
unlikely to have much impact on distribution- 
level interconnection (which is generally 
governed by states), the commission has stated 
that it hopes states will adopt i t s  rules - with 
necessary modifications - to promote a more 
unified interconnection policy around the 
United States (IREC, 2007). 

Net metering is an important tariff issue for DG 
systems whereby a customer’s electric meter 
can run both forward and backward in the 
same metering period and the customer i s  

connection. States that modified interconnection rules focusing only on net-metered systems have 
found these changes were insufficient to encourage renewable DG. This is largely due to the small 
capacity limits on net-metered systems, which limits larger DG systems from accessing the grid for 
back-up power. 
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Kentucky does not have a state-wide interconnection standard although the matter is under review. 
The PSC initiated Case 2008-00169, in response to Senate Bi l l  83 of the 2008 Regular Session, to 
establish interconnection and net-metering guidelines for retail electric suppliers (PSC, 2008). In 
February 2008, the EPA completed a research project to assess existing state interconnection rules 
for their DG friendliness. The EPA deemed Kentucky’s interconnection standards to be unfavorable 
(EPA, 2008e) . 

for the utility to value distributed power 
generation at the retail rate using one meter. It 
i s  a low-cost and easily administered means of 
promoting direct customer investment in 
renewable energy. 

I50 
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Kentucky requires net metering for solar, wind, 
biomass or biogas, and hydro-energy systems 
with a generating capacity less than 30 
kilowatts. If the cumulative generating capacity 
of net-metered systems reaches one percent 
or less of a utility’s single-hour peak load 
during the previous year, the PSC may limit the 
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Kentucky’s net metering law allows for excess Iforest 25 3 35.1  49.8 66.9 
utility’s obligation to offer net metering. l l”d,O 29 6 30 9 32 8 35 0 

electricity to be “rolled over” as credit against 
future consumption, but credits are not 
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Fully Developing Kentucky's Renewable Energy Potential 
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Using forecast data from the EIA, the University of Kentucky report estimates the state's energy 
consumption in 2025 will be 2,8 15 trillion Btu. To achieve a 25 percent goal, Kentucky will need to 
provide 704 trillion Btu of energy in the form of energy efficiency, renewable energy and 
biofuels. 

Thousand Megawatt-Hours (MCC'h) 
Existin 2--/--2012 I 201 8 2025 

The resources identified in Strategy 2 amount to 127 trillion Btu of renewable energy potential 
(Figure 13). Combined with 51 1 trillion Btu from energy efficiency (Strategy 7 )  and 66 trillion Btu 
from biofuels (Strategy 3), Kentucky can realistically achieve a l<entucky REPS goal of 25 percent 
by 2025. 

Total Generation 
Wiiid Eiiergy 
L.FG / Biogas 
Solar PV 
Hydropower 
Forest Bioiiiass 

Using a linear growth model, cumulative targets by resource for the years 201 2, 201 8 and 2025 
are presented in Figure 14. Acknowledging that much of the future resource potential will be in 
the form of electricity, the units in Table 3 are presented in site-based megawatt-hours. 

3,052 4,509 6,694 9,244 
0 - 69 172 293 
88 191 347 528 
0 272 679 1,154 

2,592 2,708 2,883 3,087 

.-_____ 

372 1,268 2,613 I 4,182 

The 127 trillion Btu of renewable energy identified in Strategy 2 does not include agricultural 
crops and crop residues applied toward biofuels production. Nor does it include renewable 
energy applications that were not addressed in the reference materials such as methane 
production from animal feeding operations and wastewater treatment facilities. 

Clearly, more potential i s  available and will become available as technologies improve and the 
markets mature. If climate change legislation is passed and monetary penalties are tied to carbon 
emissions, many forms of renewable energy generation may become cost competitive and 
economically attractive. 

The primary impediment toward the development of Kentucky's renewable energy potential today 
is economic viability. The energy potential can be realized using commercially available 
technologies which can be deployed quickly and scaled over time. Consequently, there is not a 
significant rationale to delay implementation of Kentucky's renewable resources i f  appropriate 
policies and incentives are created to ensure an adequate return on investment. 

Developing appropriate policies and mechanisms to spur development of Kentucky's renewable energy 
sector will require further study. Currently, there are 26  states with mandatory renewable portfolio 
standards and another six with non-binding goals. To date, no broad, open-ended feed-in tariffs have 

Table 3: Renewable Electricity Generation Targets to 2025 



been created in the U.S., but revisions to RPS policies, necessary to meet increasingly aggressive 
environmental and economic development goals, have trended toward incorporating elements of feed- 
in tariffs (Rickerson et al., 2008). 

Were Kentucky, on the other hand, to enact an incentive system that depends on tradable REGS, it must 
be well designed or projected revenues from Renewable Energy Credit (REC) sales will not be reliable 
enough or great enough to meet capital requirements. A well-designed market must include an 
adequate penalty for non-compliance to support sufficient REC prices and the requirement for long- 
term REC contracting. This type of structure provides predictable and sufficient REC revenue streams 
that better match the life-cycle of federal tax incentives and power purchase agreements (Overland, 
2008). 

By 2025, Kentucky's renewable energy generation will triple to provide the equivalent of 1,000 
megawatts of clean energy while continuing to produce safe, abundant, and affordable food, 
feed and fiber. 

Near-Term Actions (1-3 years) 

1. State government will lead by example by requiring new or substantially renovated public 
buildings to utilize renewable energy a s  a percentage of total energy consumption. 

0 The High Performance Building Conimittee established in HB 2 (LRC, 2008) will establish 
renewable energy targets for 201 2, 201 8, and 2025 for new or substantially renovafed 
buildings. 
The requirements will escalate over time to reflect the state's renewable energy and 
energy efficiency goals. 

2. The EEC will recommend policies and incentives necessary to achieve the state's renewable 
energy goal. The analysis will: 

* 

0 Analyze economic risks relating to carbon emissions and carbon mitigation strategies 
(Strategy 6). 
As part of implementing the REPS for all suppliers of retail electric power, establish a 
timeframe for compliance and incremental percentages that will diversify the state's energy 

Evaluate the costs and benefits to ratepayers and taxpayers of achieving an RPS through 
different funding mechanisms (PBF, REC trading, feed-in tariff, tax incentives, etc.). 
Recommend incentive programs necessary to stimulate the deployment of non-electric 
renewable resources (solar hot water, LFG, woody biomass, etc.). 
Incorporate and suggest changes to existing state incentives for renewable energy systems 
(e.g., HB 1 and HB 2). 

* 

supply. 
e 

3. The PSC will develop state-wide interconnection guidelines for renewable energy systems. 



4. Kentucky will review its policies and regulations to encourage the responsible use of woody 
biomass. 

e The Division for Air Quality will examine the rules for New Source Review with the EPA to 
reduce barriers for distributed generation projects that introduce new fuel sources, yet 
reduce total annual emissions (e.g., co-firing with biomass). 
The Division of Forestry will review forestry and land-use policies and regulations to 
ensure that Kentucky has a sustainable supply of biomass for both its wood and power 
industries. 

* 

Mid-Term Actions (4-7 years) 

1. 

2. 

3. 

Kentucky will review and make adjustments to i t s  renewable energy policies and incentive 
programs as capacity grows. 
Kentucky will amend i t s  interconnection guidelines to allow renewable energy systems up to 
two megawatts. 
Kentucky will implement forestry and land-use policies and/or regulations to ensure that 
Kentucky has a sustainable supply of biomass for i t s  wood and power industries. 

Long-Term Actions (>7 years) 

1 .  Kentucky will annually align i ts  renewable energy policies and incentive programs to be 
compatible with the state's renewable energy goal. 

IMPLEMENTATION SCHEDULE 

The rate of implementation of the renewable energy resources identified in Sfrategy 2 will be 
greatly influenced by policy and incentives established at the state and federal level. Without 
intervention, significant movement in the renewable energy sector is unlikely. The recent trend in 
escalating energy prices will encourage greater adoption of renewable energy systems, but 
substantial growth in the market will require aggressive government policies that monetize the true 
costs of fossil energy consumption and send clear price signals to renewable energy markets. 

E NVIRONMEMTAL BENEFITS $I LIMITATIONS 

Electricity generation is the dominant industrial source of air emissions in the United States today. Fossil 
fuel-fired power plants are responsible for 67 percent of the nation's sulfur dioxide emissions, 23 
percent of nitrogen oxide emissions, and 40 percent of man-made carbon dioxide emissions. 
These emissions can lead to smog, acid rain, and haze. In addition, these power plant emissions 
increase the risk of climate change. Renewable energy is receiving increased attention by 
environmental policymakers because renewable energy technologies have significantly lower 
emissions than traditional power generation technologies (EPA, 2008f). 
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Biomass power plants emit nitrogen oxides and a small amount of sulfur dioxide. The amounts emitted 
depend on tlie type of biomass that is burned and the type of generator used. Biomass contains much 
less sulfur and nitrogen than coal; therefore, when biomass is co-fired with coal, sulfur dioxide and 
nitrogen oxides emissions are lower than when coal is burned alone. Although the burning of biomass 
also produces carbon dioxide, the primary greenhouse gas, it is considered to be part of the natural 
carbon cycle of the earth. The plants take up carbon dioxide from the air while they are growing and 
then return it to the air when they are burned, thereby causing no net increase except for the energy 
used in agricultural production and gathering and preparation of the biomass as feedstock. 

Burning landfill gas produces nitrogen oxides emissions as well as trace amounts of toxic materials. 
Tlie amount of these emissions can vary widely, depending on the waste from which the landfill gas 
was created. Tlie carbon dioxide released from burning LFG again is considered to be a part of 
the natural carbon cycle o f  the earth. Producing electricity from LFG avoids the need to use non- 
renewable resources to produce the same amount of electricity. In addition, burning LFG prevents 
tlie release of methane, a potent greenhouse gas, into the atmosphere. 

The combustion of solid waste for energy raises similar concerns about hazardous air pollutants. 
Without proper emission control devices or sufficient presorting, the contents used to fuel MSW 
power plants, including any toxic materials, can be released into the air. 

Air emissions from hydroelectric power are negligible because no fuels are burned. However, if a 
large amount of vegetation is growing along the riverbed when a new dam is  built, it will decay in 
the lake that i s  created, causing an initial buildup and release of methane, a potent greenhouse 
gas. 

Emissions associated with generating electricity from solar and wind technologies are negligible 
because no fuels are combusted. 
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Inspired by the economic and environmental benefits of energy efficiency, over half the states now 
embrace specific energy efficiency savings goals, known as Energy Efficiency Resource Standards 
(EERS). An EERS requires utilities (or related organizations in states where the programs are 
administered by non-utility entities) to save a certain amount of energy each year, typically expressed as 
a percentage of annual retail energy sales or as specific energy savings amounts set over a long-term 
period The first EERS passed in Texas over a decade ago and since then, utilities, regulators, and 
consumers across the country have embraced this type of policy to catalyze the implementation of energy 
efficiency programs to reduce electricity and natural gas consumption in homes and businesses 

The report includes legislative and regulatory background for every state where an EERS policy has been 
in place for over two years and examines the progress these states have made achieving their goals 
Tracking actual energy savings and comparing these results with the required targets, the analysis 
develops a comprehensive portrait of the performance of twenty states, noting important trends 
influencing the outcomes thus far 

Across the country, state EERS policies are driving energy efficiency investments and energy cost 
savings to unprecedented levels, lowering utility bills, improving building comfort, and reducing strains on 
the utility grid Overall, the performance of states in comparison to the targets set in EERS policies has 
been encouraging, most states are meeting or are on track to meet energy savings goals 

The report finds that states' performance meeting energy savings targets is driven by issues such as the 
clarity and appropriateness of the regulatory framework, the length of time allowed for program 
administrators to ramp-up programs, and the overall commitment of all parties to invest the proper 
resources to meet targets States must overcome these barriers in order to successfully meet EERS 
targets and states considering the adoption of an EERS should carefully consider these issues in the 
policymaking process 
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A majority of states now have policies in place that establish specific energy savings targets that 
utilities or related organizations must meet through customer energy efficiency programs These 
policies-called "energy efficiency resource standards" (EERS)-are analogous to "renewable 
portfolio standards," also in place in a ma,jority of the states An EERS sets multi-year electric or 
natural gas efficiency targets (e g , 2% incremental savings per year or 20% cumulative savings by 
2020), measured against a baseline of retail sales ' Energy efficiency savings are typically measured 
by the first-year savings of energy-efficient measures installed EERS policies accelerate and expand 
the scale of energy savings achieved through utility and related energy efficiency programs 

Historically, energy efficiency program requirements tended to focus on spending levels rather than 
specific energy savings levels. Energy savings amounts were more of an outcome of the process-a 
function of initial program budgets, cost-effectiveness screening of measures and programs, and 
finally the implementation of the programs Rather than basing policy and program planning on the 
desired level of energy efficiency savings, the process of planning around budgets resulted in 
uncertain commitments to actual energy efficiency and often lower savings levels than might have 
been achievable. 

The shift to EERS represents a significant evolution in the treatment of energy efficiency in the utility 
system Rather than view energy efficiency in the context of spending requirements to meet some 
"customer service" obligation, the use of an EERS strategy-with its explicit focus on quantifiable 
energy savings results-helps directly reinforce the expectation that energy efficiency is a real utility 
system "resource," and helps utility system planners more clearly anticipate and project the effect of 
energy efficiency programs on utility system loads and resource needs 

Moreover, EERS targets are generally set at levels that push programs to achieve higher savings 
than they would have targeted prior to enactment EERS policies maintain strict requirements for 
cost-effectiveness so that programs are insured to provide overall benefits to customers Not only 
does an EERS drive utilities and program administrators to achieve greater levels of savings, but it 
also helps ensure a long-term commitment to energy efficiency as a resource, building essential 
customer engagement as well as the workforce and market infrastructure necessary to sustain high 
savings levels 

Key Distinctions of 

This review finds that EERS policies currently encompass three distinct types of policy approaches, 
all of which accomplish the same outcome-setting binding, long-term targets for energy efficiency 
savings from utility programs. The three approaches are a statewide Energy Efficiency Resource 
Standard, long-term energy savings targets set by utility commissions tailored to each utility and 
incorporating energy efficiency as an eligible resource in renewable portfolio standards (RPS) While 
the latter two options may not technically be considered a "standard" in the traditional sense, ACEEE 
has defined all three approaches as an EERS to avoid confusion and draw focus to the key similarity 
of all these policies-establishing binding, long-term energy savings targets In practice, RPS policies 
that include efficiency have not thus far resulted in aggressive goals, but the policy approach itself 
has the potential to produce results comparable to the other two mechanisms if properly designed 
Tailored utility targets and statewide EERS policies have each been very effective at driving 
aggressive energy efficiency savings in the states. In addition, certain states such as Massachusetts, 
Rhode Island, Washington, California, and others have a statewide EERS that operates in the 
following manner (1) state law broadly requires utilities to procure all cost-effective efficiency 
resources ("an efficiency procurement requirement"), and (2) planning processes between the 
utilities, stakeholder efficiency councils, and public utility commissions (PUCs) then establish the 
specific percentage savings targets the utilities are required to meet to effectuate the all cost-effective 

' "Multi-year" is defined as three or more years for the purpose of this report EERS policies may also set specific gigawatt-hour 
(GWh) energy savings targets without consideration of percentage of prior-year sales, or as a percentage of load growth. 
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efficiency procurement requirement 
funded-efficiency savings targets 

These states have set increasingly aggressive-and fully 

efficiency and the specific targets are 
then set by stakeholder councils and 

incremental basis 

I PUCS. I I 
Figure 1 : EERS Policy Approaches by State 

Energy Efficiency 
Resource Standard (EE 

Tailored Utility Targets 

Combined EERS-RES 

BJECTIVES AND ETHODOLOGY 

Of the twenty-six states with an EERS, only seven were in effect before 2008 While the effects of an 
EERS have been estimated in numerous ACEEE state policy studies (Neubauer et al 2011), and 
ACEEE has examined the results of energy efficiency programs and the potential for meeting 
aggressive targets (Molina et a1 2010; Kushler et al 2009), ACEEE has not comprehensively 
examined states' performance meeting the energy savings targets since 2006 (Nadei 2007). The 
primary purpose of this report is to track the actual energy savings in states with EERS policies and 
compare these results with the required targets The analysis covers every state with an EERS in 
effect for two or more years, or twenty of the twenty-six EERS states (see Figure 2 for list of states) 
The report provides a "progress report" profile for every state that includes legislative and regulatory 
background of the EERS policy, energy savings achieved, and a brief summary of the trends in the 
state influencing the outcomes thus far 

In some cases, broad goals are set in stage 1 along with the efficiency procurement requirement For example, Washington's 
EERS law requires utilities to base their targets on the Northwest Power and Conservation Council methodology, which aims 
for approximately 1 5% annual savings The binding targets, however, are set in a separate planning process 
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While the report does not detail the broader economic, environmental, and electricity reliability 
impacts of EERS policies, it should be noted that existing literature confirms that energy efficiency is 
a well-documented strategy to improve economic productivity, reduce harmful pollutant emissions, 
and strengthen energy reliability and security (Laitner et al. 2010, National Academy of Sciences 
2010). Numerous studies have overwhelmingly portrayed a significant amount of cost savings and 
indirect economic benefit that would result through cost-effective improvements in energy efficiency of 
our buildings and industries (McKinsey & Company 2009) Properly implemented EERS policies drive 
states to realize this potential 

The findings of this report are based on extensive primary research and interviews with stakeholders 
in the states ACEEE made a good-faith effort to interview at least two stakeholders in each state with 
knowledge of utility targets and performance Research was completed May 3, 201 1, and while the 
peer review process did provide updates in some states, the findings of this report should be 
assumed to be accurate up to this date 

The savings data presented in this report is derived from publicly available utility and commission 
data, which is reported in varying ways across states When available, verified net savings are 
presented, but in some cases, states report gross savings or unverified savings Because they inhibit 
reliable comparisons of energy savings, the differences among states' EM&V protocols is an issue 
that deserves further research. A forthcoming ACEEE report will take on the issue 

A Companion 

ACEEE is simultaneously releasing a new report, Energ,y Efficiency Resource Standards. State and 
Utility Strategies for Higher i2nerg.y Savings, which thoroughly examines how several states are 
ramping up energy efficiency programs and policies to achieve aggressive EERS targets That report 
focuses on twelve states and offers insight into the policy and programmatic strategies states are 
implementing to achieve high savings levels Aside from covering a broader range of states, this 
report's primary purpose is to track savings levels compared to targets and discuss general trends 
affecting states' performance The two reports are complementary and can be separated by the 
primary research questions asked. Are states meeting EERS targets, how can states ramp-up to and 
sustain aggressive savings levels? 

A Mote about Natural Gas 

While the primary focus of this report is on electricity EERS policies, general information is included 
on every state natural gas EERS in effect When information is readily available, we have included 
progress meeting goals, but the main focus of the report is to track progress towards meeting 
electricity efficiency goals 

As of the writing of this report, twenty-six states have an electricity EERS in effect Thirteen states 
have a natural gas EERS The standards and their underlying authorities, listed in order of highest 
approximate electric annual savings goals to lowest, are summarized below 
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Figure 2: Summary of State EERS Policies 

States in grey rows have not been in effect far two or more years and are not examined in this report 

Massachusetts3 
2009 
Electric and Natural Gas 
EERS 

Vermont 
2000 
Electric 
Tailored Utility Targets 
(Efficiency Vermont) 

lllinois 
2007 
Electric and Natural Gas 
EERS 

New York 
2008 
Electric and Natural Gas 
EERS 

~ 

Minnesota 
2007 
Electric and Natural Gas 
EERS 

Iowa 
2009 
Electric and Natural Gas 
Tailored Utility Targets 

Electric 1 4% in 2010, 2 0% in 201 1, 
2 4% in 2012 

Natural Gas 0 63% in 2010, 0 83% in 
2011, 1 15% in 2012 

-6 75% cumulative savings from 2009 
to 201 1 

Electric 0 2% annual savings in 2008, 
ramping up to 1% in 2012, 2% in 2015 
and thereafter 

Natural Gas 8 5% cumulative savings 
by 2020 (0 2% annual savings in 201 1, 
ramping up to 1 5% in 2019) 

Electric 15% Cumulative savings by 
2015 

Natural Gas -14 7% Cumulative 
savings by 2020 
Electric 1 5% annual savings beginning 
in 2010 

Natural Gas 0 75% annual savings 
from 2010-2012, 1 5% annual savings 
in 2013 

Electric Varies by utility from 1-1 5% 
annually by 2013 

Natural Gas Varies by utility from 0 74- 
1 2% annually by 2013 

Natural Gas U P.U. Ordei- 

--I 30 V.S.A. 6 209; VT PSB 
Docket 5980, PSB Contract4 

S.B. 1918 
Public Act 96-0033 -__._ s m  iLCS 5/8-.163 

Electric NY PSC Order, Case 
07-M-0548- 

Natural Gas N Y  PSC Order, 
Case 07-Ri-0748 

Minn .  Stat. 6 2168 241, 
--_1 

Senate Bill 2386 and 

Iowa Code a 476 

The underlying statute, Mass General Laws c 25 !j 21, requires gas and electric efficiency program administrators to procure 

Goals for 2009 and 2010 were combined Efficiency Vermont also set goals in previous years in three-year intervals 
"all energy efficiency and demand reduction resources that are cost effective or less expensive than supply " 
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Rhode Island 
2006 
Electric and Natural Gas 
Tailored Utility Targets 

Ohio 
2008 
Electric 
EERS 

Maryland5 
2008 
Electric 
EERS 

-- 

Colorado 
2007 
Electric and Natural Gas 
Tailored Utility Targets 

Connecticut6 
2005 
Electric 

Electric -1 3% in 2010, 1 5% in 2011, 
Council proposed 1 7% in 2012, 2 1% in 
2013, and 2 5% in 2014 

Natural Gas -0 4% of sales in 201 I, 
Council proposed 0 75% in 2012, 1 0% 
in 2013, and 1 2 YO in 2014 

22% by 2025 (0 3% annual savings in 
2009, ramping up to 1% in 2014 and 
2% in 2079) 

15% per-capita electricity use reduction 
goal by 2015 with targeted reductions of 
5% by 201 1 calculated against a 2007 
baseline (10% by utilities, 5% achieved 
independently ) 

___ 
Electric PSCo and Black Hills Energy 
(BHE) both aim for 0 9% of sales in 
201 1 and increase to 1 35% (1 0% for 
BHE) of sales in 2015 and then 1 66% 
(1 2%) of sales in 2019 

Natural Gas Savings targets 
commensurate with spending targets (at 
least 0 5% of prior year's revenue) 

-1% annual savings 2008-201 I 

_"I ORC 4928.66 e g q ,  
S.B. 221 

ivi d. Public Uti! i tv.GQp pa n ies 
Code 6 7-21 1 

Colorado .FJ evised Statutes 
40-3.2-101, et s e a  , COPUC 

Docket 1 OA-554EG 
pII.'--.___! Docl<et NO. 08A-iS16E 

Public Act 07-242 of 2007, 
_I_ ~ 

The 15% percapita electricity use reduction goal translates to around 17% cumulative savings over 2007 retail sales 
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~a~ifornia'  
2004 and 2009 
Electric and Natural Gas 
EERS 

Washington 
2006 
Electric 
EERS 

Michigan 
2008 
Electric and Natural Gas 
EERS 

Pennsylvania 
2004and2008 
Electric 
EERS 

New Mexico 
2008 
Electric 
EERS 

Electric -1% annual savings through 
2020 

Natural Gas 150 gross MMTh by 2012 

Biennial and Ten-Year Goals vary by 
utility Law requires savings targets to 
be based on the Northwest Power Plan, 
which estimates potential savings of 
about 1 5% savings annually through 
2030 for Washinaton utilities 

Electric 0 3% annual savings in 2009, 
ramping up to 1% in 2012 and 
thereafter 

Natural Gas 0 10% annual savings in 
2009, ramping up to 0 75% in 2012 and 
thereafter 

3% cumulative savings by 2013 

5% reduction from 2005 total retail 
electricity sales by 2014, and a 10% 
reduction by 2020 

CPUC Decision 04-09-060, 
CPUC Decision 08-07-047, 
-- CPUC Decision 09r09-047 

Ballot lniiiative ~ 1-937 
- ~ - - -  WAC 480-1 09 
---_1--. WAC 194-37 

iV1.G.L. ch 2 C i G l ,  
-_.I. Act 295 of 2008 

66 Pa C.S. 5.2806 1, PUC 
Order Docket No. M-2008- 
2069887 

~ 

N M Stat 5 62-17-1 et seq 

Connecticut does not currently have long-term energy efficiency savings goals that can be defined as an EERS It is included 
in this report because it has very recent experience with an EERS policy 

California's goals presented as gross savings A rough estimate of California's goal as net savings can be achieved by 
converting gross savings to net savings using the 2009 net to gross conversion factor of 61% (CPUC 201 1) Net goals are 
approximately 0 8% annual savings for the period 2010-2013, dropping to 0 55% from 2014-2020 California's evaluation and 
attribution methods are some of the strictest in the country, however, which partly explains the low net to gross conversion 
factor 
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Nevada 
2005and2009 
Electric 
RPS - EERS 

North Carolina 
2007 
Electric 
RPS - EEERS 

Texas 
1999 and 2007 
Electric 
EERS 

20% Renewable energy by 201 5 and 
25% by 2025-energy efficiency may 
meet a quarter of the standard in any 
given year, or 5% cumulative savings 
by 2015 and 6 25% by 2025 

R ble Portfolio Standards include 
15% electrical energy savin 

ng in 2015 all electric ut 
nt towards Ha . 

Renewable Energy and Energy 
Efficiency Portfolio Standard (REPS) 
Investor-owned 12 5% by 2021 and 
thereafter Energy efficiency IS capped 
at 25% of the 2012-2018 targets and at 
40% of the 2021 target 

20% Incremental Load Growth in 201 1 
(equivalent to -0 10% annual savings), 
25% in 2012, 30% in 2013+ 

Electricity 15% electricity cumulative 

s 10% cumulative saving 
by 201 5 

-- Senate Rill 7 ,  
-- kiouse Bill 3693, 
SuGstantivg,Ruie 5 25.182 

E Although Hawaii does not currently have a mandated annual goal for energy efficiency, ACEEE estimates that the current 
30% goal will result in 1 5% annual savings through utility programs 
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Massachusetts 
Rhode Island* 
Arizona 
I I1 inois 
Hawaii* 
Washington 
Minnesota 
Iowa* 
Delaware 
Colorado 

As the figure above illustrates, eleven geographically dispersed states have committed to long-term 
targets to achieve over 10% cumulative annual savings by 2020 Because some state tailored utility 
targets are set in three-year intervals, the figure shows many states with EERS ramp-ups that only 
reach 201 1, 2013, or 2015 While some states, such as Vermont, expect to extend EERS policies out 
to another three years, it is unclear whether Connecticut will re-establish long-term utility targets 
Below, annual savings targets are drawn out to 2020 and presented as a cumulative total to 
demonstrate how current state policies, if maintained, would compare 

26 10% California 12 94% 
25 26% Ohio 12 j3% 
22 00% Michigan 10 55% 
18 00% Oregon* 10 40% 
18 00% Pennsylvania* 9 98% 
17 24% New Mexico 8 06% 
16 50% Arkansas* 6 75% 
16 10% Texas 4 60% 
15 00% Florida 4 06% 
14 93% Nevada 3 76% 

Indiana 13 81% I North Carolina 2 92% 

ESULTS 

Across the country, state EERS policies are driving energy efficiency investments and energy cost 
savings to unprecedented levels State utility commissions, utilities, and other program administrators 
have made impressive progress over the last three years implementing EERS policies This review 
finds that most states are meeting or on track to meet energy savings targets 

Overall Savings 

States with an EERS are achieving significant energy efficiency savings from utility programs, 
benefitting electric and natural gas customers by lowering utility bills, improving building comfort, and 
reducing strains on the utility grid Nine states achieved 1 2% of annual sales or more in their latest 
reporting year of either 2009 or 2010, an impressive accomplishment considering in 2006 only one 
state achieved over 12% (Molina et al 2008) '" Following this group of leading states, an 
encouraging number of states with an EERS have climbed close to or above 0 5% savings, including 
states that only recently adopted full-scale utility energy efficiency programs in the Midwest and 
Southwest 

Savings Compare 

Overall, the performance of states in comparison to the targets set in EERS policies has been 
encouraging, most states are meeting or are on track to meet energy saving goals Thirteen of the 

' Colorado savings for PSCo only Delaware is in the process of formulating rules for its EERS ACEEE does not extrapolate 
$e goal out to 2020 Other assumptions noted in footnotes of EERS summary table 

Of the nine achieving > 1  2%, Nevada, Iowa, and Rhode Island have a reference year of 2009 

9 



EERS A Progress Report on State Experience, 0 ACEEE 

twenty states with EERS policies in place for over two years are achieving 100% or more of their 
goals, three states are achieving over 90% of their goals, and only three states are realizing savings 
below 80% of their goals " 

Figure 3: State EERS Targets vs. Achieved Savings in 2O1Oi2 

-_I._- 

.- 

oAnnual 7'0 

no& Achieved 
Goal 

While the figure above positively portrays states currently meeting goals, the hard work has yet to 
come Targets in many states are still increasing and sustaining aggressive savings levels will be a 
challenge for states In states where EERS policies are still ramping up and have low annual savings 
goals for 2010, such as Ohio, Illinois, and Michigan, meeting goals in the coming years will be 
challenging and deserves ongoing attention and analysis Ramping up to high levels of savings in a 
short period of time is a difficult task, even for states with demonstrated success in energy efficiency 
program administration States such as Massachusetts and Minnesota, which are achieving slightly 
less savings than their targeted goals, are in the midst of major program ramp-ups Low savings 
levels during the program ramp-up period have also caused Pennsylvania to fall short of its goals 
thus far 

Another reason some states are falling below target levels in 2010 is that some EERS policies set 
long-term goals, which place emphasis on long-term, rather than annual achievements 
Pennsylvania and Vermont, for example, set two- and three-year savings targets for 2011, 
respectively Past experiences in Vermont and California have demonstrated that it is common for 
states to make a major push in the final year to make up for lower savings in prior years.13 This trend 
seems to be continuing in Pennsylvania, where savings in the first two quarters of its second program 
year far outpaced levels of its first 

In New York and Maryland, the only states currently achieving less than 80% of their near-term 
targets, shortfalls can be attributed both to new administrators ramping-up programs as well as the 
effect of long-term EERS As explained in further detail below, the combination of delays in program 
approval and low savings as programs ramp-up has resulted in savings levels, which, if continued, 
would result in savings below the levels needed to meet long-term goals New York has approved 

" While its policy has been in place for over two years, North Carolina has not recorded energy efficiency savings and is thus 
not included in this tally Currently, Hawaii's RPS goals allow electrical energy savings to count through 2014. Starting in 2015, 
electrical energy savings will count towards Hawaii's Energy Efficiency Portfolio Standards 

California gross savings and targets adjusted to net savings using 61% of conversion factor California savings include partial 
savings from advanced codes and standards adopted in the state. California, Iowa, and Washington savings and targets based 
on lOUs reporting savings as of 2010 only. New York based on NYSERDA and utility program administrators only. Colorado 
includes only PSCo. Ohio does not include First Energy 
13 Vermont exceeded three year targets for 2006-2008 due to 2008 savings that made up for shortfalls in the prior two years 
California came close to meeting 2004-2008 goals due to 2008 savings that made up for shortfalls in the prior two years. 

12 
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funding, expertise, and an established market that inspire confidence among stakeholders in the state 
that they can make up for the initial shortfall in the years between now and the long-term target year 
of 2015. In Maryland, it is less likely utilities will be able to make up the lost ground The Maryland 
PSC has not approved utility targets or funding levels sufficient to meet goals set in the EmPOWER 
Maryland Act Lacking a strong mandate from the PSC, Maryland utilities have shown uneven 
commitment to meeting the goals, failing to invest the necessary financial and human resources 

BSERVATIOMS 

Aside from the most prominent observation of this report, that states are generally on track to meet or 
exceed EERS goals, a number of general trends have emerged as states gain experience with EERS 
policies, which may help states in the varying stages of the policy process 

s Establishing an EERS lays a foundation for increased levels of energy efficiency savings, 
regardless of prior experience with energy efficiency programs 

o Available data indicates the benefits of programs administered under an EERS substantially 
exceed the costs l4 

o Meeting EERS targets requires fair and clear regulation, meaning targets for utilities 
unaccustomed to energy efficiency must be gradual and the evaluation method for savings 
clear 
All parties must be committed to meeting targets. Utilities need to devote proper resources to 
ensure successful EE programs and Commissions should approve sufficient levels of funding 
and complementary policies such as cost recovery, performance incentives, and decoupling 
Ramping-up savings to aggressive levels and sustaining these levels requires programmatic 
excellence Tried and true program models work to meet lower goals, but innovative 
programs reaching all sectors are necessary to achieve deeper savings 

o 

o 

EERS Drives Savings for States of All Types 

The EERS policy has driven higher levels of savings in states with established energy efficiency 
program infrastructure as well as in states without energy efficiency program experience In 
Washington and Iowa, for instance, energy efficiency had long been recognized by the major utilities 
and customers as having significant value The two states consistently scored well in the ACEEE 
Scorecard Report, and achieved energy efficiency savings of around 0 6-0 8% of sales from utility 
programs (Molina et al 2010) EERS policies went into effect in Iowa and Washington in 2009 and 
2010, and both states realized a significant boost in savings over previous years Iowa and 
Washington achieved 1 2% and -1 5% savings in 2009 and 2010, respectively.'5 Targets mandated 
by an EERS policy allow utilities to justify higher spending levels on cost-effective energy efficiency 
measures The long-term nature of the goals also provides market certainty regarding the utility 
commitment to energy efficiency services and technologies, improving the business case for energy 
efficiency companies in the private sector States with established energy efficiency programs may 
have utilities with varying commitment to energy efficiency The EERS policy can serve to "raise the 
floor" and drive program development from utilities historically reluctant to offer robust efficiency 
programs 

States without significant existing energy efficiency programs also benefit from establishing savings 
targets In states such as North Carolina, Michigan, and Illinois, the adoption of an EERS prompted 
utilities to develop and implement programs to benefit customers of all market segments Without the 
strong mandate of an EERS, states that have yet to develop energy efficiency programs are less 

l4 This is not surprising, given that repeated analyses have shown that utility sector energy efficiency programs tend to be quite 
cost-effective ACEEE's most recent report on this subject found that energy efficiency programs saved electricity at an 
average cost of 2 5 cents/kWh (Friedrich et al 2009), about one-third to one-fourth the cost of building, fueling and operating a 
new power plant 
' 5  Washington savings based only on lOUs 
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likely to begin such an initiative, depriving utility customers of beneficial programs offered in every 
region in the country 

Ratepayer-funded energy efficiency programs must undergo cost-effectiveness tests that confirm 
positive benefit-cost ratios greater than one. The standards for cost.-effectiveness as well as the types 
of tests use vary by state, but the presence of rigorous benefit.-cost tests prior to rogram approval 
assures that efficiency programs and measures installed will likely be cost-effective. 

Available data thus far indicates that the benefits of efficiency programs driven by EERS policies have 
proven to substantially exceed administrator and customer costs While this report does not 
comprehensively analyze the cost-effectiveness of energy efficiency programs, anecdotal evidence 
from a handful of states confirms that energy efficiency is a net beneficial investment 

p6 

B Hawaii Energy, the state's third-party Public Benefits Fee Administrator, collects a percent of 
each electric utilities' customer's bill and is responsible for carrying out Hawaii's energy 
efficiency and conservation programs Hawaii Energy achieved net customer energy savings 
of 113,159 MWh, meeting 97% and 81% of its residential and commercial targets, 
respectively. Over the lifetime of these rebated and installed measures, cost savings will yield 
a 546% return on Hawaii's investment of $46 9 million ($17M/$29 9M Ratepayer/Customer 
Investment) (Hawaii Energy 2010). 

In Illinois, independent analysis of ComEd's programs in its second program year found 
portfolio the benefit-cost ratio based on the Illinois Total Resource Cost (TRC) test to be 2.84 
(Navigant Consulting 2010) Ameren Illinois met its goals in 2009 cost-effectively and its 
portfolio scored a 2 78 using a TRC test (Ameren Illinois Utilities 2010) 

e 

s In 201 0, Efficiency Vermont saved 114 GWh at a cost of 4 1 cents per kilowatt-hour (over the 
life of the measures) Efficiency Vermont spent $35 4 million on efficiency programs, 
participants spent $21.7 million, and the overall lifetime benefits equaled $136 1 million 
(Efficiency Vermont 201 1). 

In Calarado, Xcel Energy reports that its electric DSM programs had an overall benefit-cost 
ratio of 3.3 while the gas DSM programs had a benefit-cost ratio of about 1 6 Xcel Energy 
spent $54 7 million on electric DSM programs and $16 9 million on gas DSM programs last 
year The company estimates that electric programs alone will result in $227 million in net 
economic benefits for customers over the lifetime of energy efficiency measures installed due 
to its 2010 DSM programs. Gas DSM programs will result in about $15 million in net 
economic benefits (Xcel Energy 2010). 

e 

Clear and Fair Regulation 

Critical to the success of states meeting goals is clear and comprehensive regulation of energy 
efficiency programs EERS policies must be developed at a pace that allows all stakeholders to 
engage, submit comments, and adjust to the impending requirements A methodical process ensures 
clarity from all parties on critical elements such as eligible technologies, EM&V requirements, and 
incentives or penalties for compliance and non-compliance One particular issue that can cause 
friction is how Commissions decide to measure savings attributable to the EERS Regardless of what 
method is chosen, whether on an annual, annualized, part-year, or life-time basis, clarity in the 
foundational legislative or regulatory authority is of utmost importance, as the cases in Texas and 
Ohio illustrate In both cases, elaborated on in the case studies below, a lack of clarity in how energy 

'' ACEEE will release a detailed analysis of utility casteffectiveness tests later this year 
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savings could qualify to meet EERS targets has led to confusion and contention among utilities on 
what the policy actually requires 

Regulatory lag inhibits utility program administrators from meeting goals While state utility 
Commissions should take time approving programs and policies, there is a hazard in approving 
energy savings targets and assuming programs will be approved in time to meet initial targets Utility 
commissions in Maryland and New York took almost a year to approve programs for utilities after 
their EERS policies were approved The EERS legislation can hinder states' ability to properly ramp 
up programs and meet designated goals. Pennsylvania's EERS, for instance, did not require the 
Utilities Commission to approve programs until five months into the first of two program years Rather 
than having the full two years to meet the 1% cumulative savings target, utilities only have 19 months. 
Setting realistic timeframes for policy and program approval, therefore, can help lay the groundwork 
for successful EERS performance 

For states without significant existing energy efficiency programs, a gradual ramp-up of programs has 
been a successful strategy to gain utility acceptance and achieve significant savings as a result 
Particularly in states unfamiliar with energy efficiency program administration, gradual ramp-ups allow 
utilities to develop and manage program administration and implementation at a realistic pace, 
allowing time for these utilities to seek advice from experienced professionals in the field While the 
targets may be low, utilities and states can tout success meeting targets to build momentum for 
programs, and if performance incentives are in place, allow utilities to understand the financial benefit 
of meeting goals 

All Patties Must be C ~ m m i  ed to Meeting Targets 

Energy efficiency targets can only be met in a sustained fashion if regulators, utilities, and program 
administrators sincerely pursue cost-effective energy efficiency and treat energy efficiency similarly to 
supply-side resources For regulators, this means adopting policies complementary to an EERS that 
improve the business case for energy efficiency, such as cost recovery, mechanisms to address the 
link between utility sales and profits (e.g , decoupling or lost-revenue recovery), performance 
incentives, and loading orders calling for the pursuit of all cost-effective energy efficiency. Regulatory 
commitment to targets also entails adopting cost-effectiveness tests that accurately measure the full 
costs and benefits of energy efficiency programs Commissions must permit utilities to fund energy 
efficiency programs at the levels necessary to achieve targeted savings levels as well. 

Aside from failing to provide complementary policies to ensure success, regulators can also include 
provisions that inhibit states from achieving intended EERS targets Rate impact caps, or budget 
caps, can prohibit utilities from making the necessary, cost-effective energy efficiency investments 
necessary to achieve EERS requirements Such caps are present in Texas and North Carolina, 
where it is uncertain whether the caps will lower cost-effective energy efficiency investment, and in 
Illinois, where the cap will likely trigger a failure to meet the standard in the next few years unless the 
General Assembly takes action to raise or eliminate the caps (Nowak et al 2011) Provisions known 
as "exit ramps," present in Ohio and New Mexico, allow utilities to request permission to lower goals, 
which may also limit the effectiveness of an EERS policy EERS policies that include opt-out 
provisions for industrial customers, as opposed to provisions that allow industrial to conduct "self- 
direct" programs tied to spending or savings requirements, raise the chances that states will not 
achieve their cost-effective energy savings potential. 

Regulation can only ensure the proper environment for energy efficiency programs to flourish- 
utilities or third-party administrators must do the work Successful utilities and third-party programs 
administrators devote significant human and capital resources to energy efficiency programs 
Regardless of how experienced an administrator is with energy efficiency programs, the importance 
placed on energy efficiency initiatives from corporate leadership is a critical indicator of how well the 
utility will perform If energy efficiency targets are embraced by utility leadership, efforts by energy 
efficiency division staff to meet goals will be welcomed and rewarded, boosting chances of success 
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Questionable commitment from utilities and third-party administrators can lead to delays, 
underperformance, and threats to the policy Nowhere is this more clear than in states where utilities 
have publicly opposed EERS policies, seeking to undermine and repeal the authority. In Ohio, First 
Energy and Dayton Power and Light have mounted strong opposition to the statewide EERS, 
claiming that its goals will hinder the state's economic recovery While other utilities in the state such 
as Duke Energy have met the goals cost-effectively with ease thus far and claim long-term goals, 
while challenging, are achievable First Energy fell far short of its first year target and has received a 
waiver for targets until 2012 Instead of redoubling its efforts to meet targets, it seems First Energy 
has shifted to an adversarial stance, threatening to hold Ohio back from being a leader in energy 
efficiency 

a ~ ~ ~ n ~ - ~ ~  Savings Requires ~ r O g r a ~ ~ a ~ ~ c  Excellence 

Demonstrating the will to succeed is important, but actual energy efficiency savings do not derive 
from organizational commitment alone, but from program implementation as well. Thus, a third critical 
element to success is programmatic excellence An analysis of how utilities are ramping up savings to 
meet EERS targets will be presented in the forthcoming, companion ACEEE report (Nowak et al 
201 I ) ,  which will include discussion and examples of the following strategies. 

Increasing energy efficiency funding levels 
Adopting complementary regulatory policies such as decoupling, performance incentives, and 
loading orders requiring the consideration of cost-effective energy efficiency in resource 
planning 
Using non-utility program savings (i e building codes) to contribute to contribute towards 
meeting savings standards 
Creating and sustaining collaborative and stakeholder processes 
Capturing lighting savings early and adding new, higher- efficiency technologies to efficiency 
portfolios beyond CFL's 
Adopting new program design approaches and strategies, including "Deeper, Then Broader" 
Starting programs for new technologies and new customer market segments 
Promoting participation through upstream rebates, more rebates and enhanced advertising 

Energy efficiency savings targets effectively advance the objective of increased, long-term energy 
savings from cost-effective efficiency programs The findings of this study show that almost every 
state with an EERS is on track, meeting, or exceeding goals in 2010 This report finds that states' 
performance meeting energy savings targets is driven by broader issues such as the clarity and 
appropriateness of the regulatory framework, the length of time allowed for program administrators to 
ramp-up programs, and the overall commitment of all parties to invest the proper resources to meet 
targets. States must overcome these barriers in order to successfully meet EERS targets and states 
considering the adoption of an EERS should carefully consider these issues in the policymaking 
process. 
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The following case studies are presented in chronological order based on the effective date of the 
EERS policy Each case study provides a brief summary, regulatory and legislative backgrounds, 
energy savings vs targets, and a section outlining factors affecting performance 
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Electric EERS 
Applicable Sector 
Natural Gas EERS 
Authority 1 

20% Incremental Load Growth in 201 1, 25% in 2012, 30% in 2013+ 
Investor-owned utilities 
None 
---I- Seriate Bill T 

Date Enacted 
Authority 2 
Date Enacted 
Authority 3 

Legislative and Regulatory Background 

May 1999, subsequently amended 
- House Bill 3693 
May 2007 
Substantive Rule 25 181 

In 1999, Texas became the first state to establish an energy efficiency resource standard, requiring 
electric utilities to offset 10% of load growth through end-use energy efficiency Demand growth is 
the average growth of the five previous weather adjusted peak demands for each utility In 2007, after 
several years of meeting this goal at low costs, the legislature increased the standard to 15% of load 
growth by December 31, 2008 and 20% of load growth by December 31, 2009 The legislation also 
required utilities to submit energy savings goals The Public Utility Commission of Texas (PUCT) 
approved these rules in March 2008 

While the 2007 legislation required utilities to submit GWh savings goals to ensure they did not overly 
focus on load management, the PUCT determined that utilities could convert their demand savings 
goals into corresponding energy savings goals each year using a 0 20 capacity factor The current 
practice used by Texas utilities is to interpret the term "capacity factor" to be a direct estimate of the 
fraction of hours in a year when the average peak savings will occur. Thus, the peak to energy 
savings multiplier used in Texas is 0.20x8760/1,000 MWh/GWh=1.75 This implies a peak to energy 
use ratio of 0 575, which is much higher than the actual peak to energy use ratio typically in the range 
of 0 20 to 0.24, which translates to conversion factors ranging from 3-5 

A preferable alternative to setting goals as a percentage of load growth would be to set savings goals 
as a percentage of baseline electricity sales and demand, which would produce more achievable and 
equitable targets (Itron 2008) 

Recent Developments 

In 2010, the PUCT approved Substantive Rule § 25.181, which increased the goals from 20% of 
electric demand growth to 25% growth in demand in 2012 and 30% in 2013 and beyond.20 The rule 
also establishes customer cost caps to contain costs Texas law requires all electric transmission and 
distribution utilities (TDUs) to meet energy efficiency goals Utilities administer incentive programs 
and retail electric providers and energy efficiency service providers implement the programs All 
programs are designed to reduce system peak demand, energy consumption, and/or energy costs 
and are available to customers in all customer classes 

€nergy Savings Achieved vs. Targeted 

While Texas has consistently met its energy efficiency goals, the energy efficiency goals have 
resulted in only modest electricity savings Between 1999 and 2009, investor-owned utilities' 
programs in Texas produced 3,574 GWh of electricity savings, which amounts only to 1% of 2009 
sales The energy savings targets set by utilities are about half of the actual levels achieved 

Texas Senate Bill 7 
House Bill 3693 
Rule defines capacity factor as "The ratio of the annual energy savings goal, in kwh, to the peak demand goal for the year, 

~./iw\nrjv,p~rc.state.tx.1.isir~1lesis~rbrules/elecirici25.18 li25.181 . ~ d f  

17 

18 

19 

Eeasured in KW, multiplied by the number of hours in the year " 
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Source Texas utility energy efficiency plans and reports 

If the load growth targets were to apply to forecast growth in electric retail sales, meaning utilities 
would have to offset 30% of growth in sales by 2013, this would amount to about 0 5% savings per 
year beginning in 2013 

Even though the energy efficiency goals do not apply to them, it should be noted that a handful of 
Texas municipal electric utilities, particularly Austin Energy, generate impressive amounts of energy 
efficiency savings Austin Energy and the City of San Antonio generated 188 GWh alone in 
incremental energy efficiency savings in 2009 (EIA 201 1) 

Factors Affecting Performance 

Collaboration among Stakeholders 

Texas's success meeting energy efficiency goals can be attributed to a number of factors, but a few 
stand out in particular Utility programs benefit from the ease of use of standard offer program 
materials for contractors and long standing relationships with contractors Program managers cite 
sound electronic tracking systems and websites as contributing to program success, as well as broad 
reach and effectiveness of market transformation programs Others note that while there is an 
inherent risk of inaccuracy, the programs benefit from a process for deeming energy savings, which 
reduces the cost of verification and measurement 

The relationship between utilities, the PUCT, and program implementers is characterized by a high- 
degree of collaboration and consultation, which allows for the dissemination of best practices and 
common barriers Stakeholders engage in quarterly Energy Efficiency Implementation Project 
meetings and Texas lOUs formed a voluntary organization for energy efficiency program managers 
The Electric Utility Marketing Managers of Texas (EUMMOT) EUMMOT facilitates coordination 
among program managers to convey common perspectives on energy efficiency program design and 
implementation, provides for exchange of information on markets and technologies; and advances 
understanding and participation in efficiency programs 

Rural vs. Urban Utilities 

While the state as a whole consistently meets targets, there IS a varying degree of success on a 
utility-by-utility basis Rural utilities struggle to meet targets, primarily because of the dearth of energy 
contractors willing to enter the market in sparsely populated areas Because goals are set as a 
percentage of incremental growth, utilities such as El Paso Electric that serve fast-growing areas 
must ramp up savings targets much faster than those with relatively predictable and stable load 
growth 
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Electric EERS 
Applicable Sector 
Natural Gas EERS 
Authority 1 

Program Design and Marketing 

-6% cumulative savings from 2009 to 201 1 
Third-party administrator 
None 
30 v S.A. 5 209 

Program managers and advocates in the state roundly state that regulatory barriers inhibiting utilities’ 
ability to market programs directly to customers is a major weakness to of current energy efficiency 
programs Stakeholders also assert that it is difficult to improve upon programs or design new ones 
due to regulatory rigidity Looking ahead to increased savings goals, Texas program managers and 
third-parties echo concerns about rural areas, marketing, and inflexible program designs, and also 
add the inherent contradiction between energy savings and shareholder value that needs to be 
addressed with a decoupling mechanism (Itron 2008) 

Funding Levels 

In total, Texas utility energy efficiency program budgets amounted to 0 3% of their revenues in 2009, 
while the median state spends 0 7% An analysis by Good Company Associates found that the 
increase in the goal from 10% of demand growth to 20% in 2010 and 2011 did little to increase 
spending The new goals will not significantly impact energy efficiency spending until the recession 
years are no longer included in the calculation of the five year average growth in demand Good 
Company also concludes the cost-caps should not seriously constrain utilities from meeting goals 
given the modest savings levels.*’ Many utilities exceed the demand goals, however, and as a result, 
push the limits of the cost-caps Some companies have already surpassed the cost-caps and others 
are very close. Unless the PUCT grants a utility the ability to exceed the cost caps, utilities will have 
to reduce spending in some manner which could result in less demand reduction and energy savings 

Performance Incentives 

A utility that exceeds its demand reduction goal within the prescribed cost limit is awarded a 
performance bonus A utility that exceeds its demand reduction goal receives a bonus equal to 1% of 
the net benefits for every 2% that the utility exceeds its goal The maximum bonus is equal to 20% of 
the utility’s program costs 

Vermont pioneered the model of a statewide “energy efficiency utility“ (EEU) after Vermont enacted 
legislation in 1999 authorizing Vermont Public Service Board (PSB) to collect a volumetric charge on 
all electric utility customers’ bills to support energy efficiency programs Vermont PSB created the 
EEU, Efficiency Vermont, to use these public benefits funds to provide programs and services that 
save money and conserve energy Burlington Electric Department (BED) provides DSM services 
within its own territory When Efficiency Vermont was created, BED requested, and was granted, 
authority to run its own programs BED reports separately on the costs and savings of its programs 

Vermont does not have traditional EERS legislation with a set schedule of energy-savings 
percentages for each year Instead, Vermont law requires EEU budgets to be set at a level that 
would realize “all reasonably available, cost-effective energy efficiency.” Compensation and specific 
energy-savings levels--not “soft” goals or targets-are then negotiated with EEU contractor Vermont 
Energy Investment Corporation (VEIC) There is not an explicit penalty for non-performance 
However, a portion of the compensation Vermont pays the administrator is contingent on meeting 
stated goals, subject to a monitoring and verification process If the administrator does not meet 

*’ .- l~ttp.//ww\hi.qoodcompan~associa2es.com/~iles/nianaoeliSumma~ PUCT EE Rule 8-6-”10.1scif 
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staled goals, the state will withhold compensation, and the administrator potentially will be replaced at 
the end of the three-year period (DSIRE 201 I )  Efficiency Vermont's current goal is 360,000 MWh of 
energy savings during the three-year cycle, equivalent to 6 75% of electricity sales 

Moving forward, the goal-setting process will change due to Vermont's new "order of appointment" 
franchise-like structure Every 3 years, a "demand resources plan" proceeding will be held The 
proceeding will set budgets and goals for the next 20 years, coinciding with the long-range 
transmission plan to allow for integration of forecasting 22 

Energy Savings Achieved vs. Targeted 

In 2006, efficiency savings were about 1% of sales and by 2008, Efficiency Vermont achieved 
unprecedented savings levels equal to 2 5% of annual sales, exceeding its MWh goal for the 3-year 
period In 2007 and 2008, savings from energy efficiency measures more than offset the average 
underlying rate of electricity load growth Savings dropped slightly to 1 6% in 2009, but rebounded 
significantly in 2010 as the state once again exceeded 2% annual savings Judging performance on 
an annual basis, Vermont almost met over 90% of its goal in 2010, but at 3 7% savings over two 
years, it will need to make up for lost ground in order to meet the three year of 6 75% savings by the 
end of 201 1 

Sources Efficiency Vermont, 2009 Annual Repoll, 20 10 Savings Claini, 201 1 Annual Plan 

Factors Affecting Performance 

Funding Levels 

Substantial increases to the Energy Efficiency Charge (EEC) included within customer rates drove 
Vermont's success over the last five years Even though Vermont already had the highest per-capita 
investment in electric efficiency of any state in 2004, the state legislature passed Act 61 of 2005, 
which removed the spending cap on the EEU annual budget. The PSB now has flexibility to 
determine appropriate funding levels in the context of the integrated resource planning process. The 
PSB increased energy efficiency funding in 2006 from the previous maximum of $17.5 million to $30 
million per year for the next three years The aggressive electric energy efficiency measures have 
proven to be consistently cost-effective In 2010, Efficiency Vermont saved 114 GWh at a cost of 4 1 
cents per kilowatt-hour (over the life of the measures) Efficiency Vermont spent $35 4 million on 
efficiency programs, participants spent $21 7 million, and the overall lifetime benefits equaled $136 1 
million 

T h i rd-Party, Perfor mance-Based Program Ad mi n istrator Model 

The EEU structure ensures that as an efficiency program implementer, VEIC does not have 
conflicting incentives They are not an investor-owned for-profit utility, have no rate base, and thus, no 
throughput incentive VElC is eligible to receive a performance incentive for meeting or exceeding 
performance goals established in its contracts, directly tying results to compensation. Along with 
these performance incentives, VElC staff attributes much of their success to the alignment between 
their non-profit structure and their mission. to reduce the environmental and economic costs of energy 

" EEU SLruciure iDocltet 7466) 
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Electric EERS 
Applicable Sector 
Natural Gas EERS 
Authoritv 1 

use Efficiency Vermont has a deep culture of innovation and experimentation centered solely on 
saving energy 23 

Commission-set utility targets, -1% annual savings 
Investor-owned utilities 
Yes 
CPUC Decision 04-09-060 

Working under a performance-based “order of appointment” allows Efficiency Vermont the flexibility to 
allocate funds to where they can buy the most energy savings with each budget dollar Relative to 
other program administrators, they do more custom projects, and are not constrained to work off of 
prescriptive measures and prescriptive projects This allows for incentives to be entirely negotiated 
with the customer, with Efficiency Vermont effectively buying down the cost of the project or measure 
until it becomes an attractive investment for them Within each three-year performance contract 
period, Efficiency Vermont has program plans which are updated annually The 2011 plan builds on 
2010’s established strategies in five markets: business new construction, business retrofit, residential 
new construction, residential retrofit, and efficient products 

Date Effkctive 
Authority 2 
Date Effective 
Authority 3 

September 2004 
_ _ - _ ~ ~  CPUC Decision 08-07-047 
7/31/2008 
CPUC Decision 09.-09-047 ~ - - - -  - .I-.-I_ I Date Effective I September 2009 

Legislative and Regulatory Background 

California is a long-time leading state for its utility-sector customer energy efficiency programs, which 
date back to the 1970s and have grown and evolved substantially over three decades Its programs 
and related energy efficiency policies have had a significant impact on per capita electricity use, 
which has remained essentially constant over the past 30 years Following California’s 2001 
electricity crisis, the main state resource agencies worked together along with the state’s utilities and 
other key stakeholders and developed the California Integrated Energy Policy Report that included 
energy savings goals for the state’s lOUs The CPUC formalized the goals in Decision 04-09-OcjO in 
September 2004 The goals called for .electricity use reductions in 2013 of 23 billion kWh and peak 
demand reductions of 4 9 million kW from programs operated over the 2004-2013 period The natural 
gas goals were set at 67 MMTh per year by 2013 

The California Legislature emphasized the importance of energy efficiency and established broad 
goals with the enactment of Assembly Bill 2021 of 2006 The bill requires the California Energy 
Commission (CEC), the California Public Utilities Commission (CPUC) and other interested parties to 
develop efficiency savings and demand reduction targets for the next I 0  years. Having already 
developed interim efficiency goals for each of the lOUs from 2004 through 2013, the CPUC 
developed new electric and natural gas goals in 2008 for years 2012 through 2020, which call for 
16,300 GWh of gross electric savings over the 9-year period. California’s current targets are 
embedded in the approved 201 0-2012 program portfolios and budgets for the state’s IOUs, which 
calls for gross electricity savings of almost 7,000 GWh and natural gas savings of approximately 150 
MMTh 24 

For a nrore detailed disctissicjn of factors driving SLiccess In Vctmorli scc NOW& ei al (’01 1 )  23 

*‘ A rough estimate of California’s gross savings goal as net savings can be achieved by converting gross savings to net 
savings using the 2009 net to gross conversion factor of 61% (CPUC 201 1) Net goals are approximately 0 8% annual savings 
for the period 2010-2013, dropping to 0 55% from 2014-2020 California’s evaluation and attribution methods are some of the 
stnctest in the country, however, which partly explains the low net to gross conversion factor 
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Table 4: Goals and Budgets 

2010-2012 Program Cycle 3,100 
Electricity Savings (Gross 
GWh) 

2010-2012 Program Cycle 
Natural Gas Savings (Gross 
MMTh) 

Ir the 201( 

3,316 

$ 1,228 

2012 Pros 

539 

11 4 

$278 

Energy efficiency is the first priority in California's loading order for energy resources This was first 
acknowledged in California's 2003 Final Energy Action Plan I. Under Public Utilities Code Section 
454 5(b)(9)(C), investor owned utilities are required to first meet their unmet resource needs through 
all available energy efficiency and demand reduction resources that are cost effective, reliable, and 
feasible. 

Energy Savings Achieved vs. Targefed 

California IOUs' evaluated net savings for the program period between 2004 and 2008 fell slightly 
short of the Commission's ado ted oak, achieving 9,442 GWh of savings, or about 1% annually 
throughout the program period '' Th: utilities plan to make up for these shortfalls in the 2010-2012 
program cycle 

Table 5: 2004-2008 California Achieved Savings vs. EERS Targets 

PG&E SCE SDG&E SoCai Total 

2004-2008 Program Cycle 
Electricity Target (Net GWh) 

Actual Savings (Net GWh) 

2004-2008 Program Cycle 
Natural Gas Targets (Net 
MMTh) 

Actual Natural Gas Savings 
(Net M MTh) 

Source, CPUC, Enerw Eif 

The CPUC and the utilities are cautiously optimistic about the utilities meeting the 2010-2012 
program savings goals Saving goals for the California IOU plans must be met over the full 3-year 
cycle (not annually) Based on non-binding goals for 2010, lOUs are exceeding electricity goals and 
are close to meeting natural gas goals 26 

Compared to 2008 IOU retail sales as reported by EIA 25 

26 Program performance reports to-date for the California IOU programs are posted in a highly usable format at 
htln iieeqa .cpi.ic.ca.uo\/i 
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SCE SDG&E 

Table 6: 2010 California Achieved Sa\ 

PG&E SoCal Total 

1,117 

2,000 

Factors Affecting Performance 

195 2,276 

265 3,694 

3 5  28 47 1 

1 1  2 1 9  39 9 

201 0 Program Cycle 
Electricity Goal (Gross GWh) 

201 0 Actual Savings (Gross 
GWh) 

2010 Program Cycle Natural 
Gas Goal (Gross MMTh) 

2010 Actual Natural Gas 
Savings (Gross MMTh) 

964 

1,425 

15 6 

16 9 

A full discussion of California's programmatic successes can be found in (Nowak et al 2011) 
Broadly, California's experience in program planning and customer engagement contributes greatly to 
its success Complementary policies such as decoupling and performance incentives also improve 
the environment for utility energy efficiency programs Utilities are given program and budget flexibility 
so that they may shift funding from unsuccessful programs to successful programs, which contributes 
to the utilities' success in meeting the energy efficiency savings goals 

awaii 

Electric EERS 

Applicable Sector 

Natural Gas EERS 
Authority 1 
Date Enacted 
Date Enacted 
Authority 2 
Date Effective 

Summary 
Starting in 201 5 all electric utility savings will count towards 
Hawaii's Energy Efficiency Portfolio Standards (EEPS). 
EEPS long-term goal is 4,300 GWh reduction by 2030. 
One Investor-owned utility with three subsidiaries located on Oahu, 
Hawaii, and Maui, one rural electric cooperative located in Kauai 
None 

~~ i-1R .I464 
6/25/2009 
7/1/2009 
I iKS 5269-91 
1213 I 12003 

Legislative and Regulatory Background 

Energy efficiency is included within the definition of "renewable electrical energy" in Hawaii's 
Renewable Portfolio Standard (RPS), which was codified in HRS s269-91, et seq , and amended in 
2006, 2008, and 2009 The RPS requires investor-owned utilities and rural electric cooperative 
utilities to use "renewable electric energy," which includes energy efficiency measures, to meet 10% 
of net electricity sales by the end of 2010, 15% by 2015, 25% by 2020, and 40% by 2030 The Public 
Utilities Commission may assess penalties against a utility for failing to meet the RPS, unless the 
failure was beyond the reasonable control of the utility Beginning in 2015, electrical energy savings 
will no longer be able to count toward Hawaii's RPS, and will instead count towards Hawaii's Energy 
Efficiency Portfolio Standards 
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Recent Developments 

Legislation enacted in 2009 (HR 1464) established a formal and separate energy efficiency portfolio 
standard (EEPS) that sets a goal of a 4,300 GWh reduction by 2030 (equal to about 40% of 2007 
electricity sales) The Public Utilities Commission (PUC) must establish interim goals to be achieved 
by 2015, 2020, and 2025 and may adjust the 2030 standard to maximize cost-effective energy- 
efficiency programs and technologies The PUC has yet to establish rules for the stand-alone EEPS, 
so the current energy efficiency targets in Hawaii are set in its RPS policy.*' 

Shortly before the issuance of the stand-alone EEPS, Hawaii's energy efficiency program 
administrative structure underwent major changes In June 2006, the Hawaii State Legislature 
enacted legislation to create a public benefits fund (PBF) for energy efficiency and demand side 
management This legislation granted authority to the Public Utilities Commission (PUC) to develop 
the details of the third-party administered public benefits fund In Decegber 2008, the PUC issued an 
order in Docket No 2007-0323, outlining the structure of the PBF In July 2009, the Hawaiian 
Electric Companies' energy efficiency programs were consolidated into a single program, Hawaii 
Energy, operated by R.W Beck, a subsidiary of Science Applications International Corporation 
(SAIC) Kauai Island Utility Cooperative (KIUC) continues to operate energy efficiency programs 
independently 

As of the writing of this report, most of the details of Hawaii's EEPS are under consideration by the 
PUC The rules that come out of the proceeding will determine interim targets, and of particular 
importance, whether or not to provide incentives far compliance or penalties for non-compliance 
Reducing the overall 4,300 GWh goal is not an option at this time Hawaii seems committed to energy 
efficiency and renewable energy, as it recently adopted a statewide goal of reducing its reliance on 
imported fossil fuels by at least 70% by 2030. 

Energy Savings Achieved vs. Targeted 

As of 2010, Hawaii utilities achieved 19.0% of its renewable portfolio standard, 8.1% of which derived 
from cumulative, annualized energy efficiency savings over the policy period, easily meeting the 2010 
RPS goal of 10% In its first year of operation (July 2009-July 2010), Hawaii Energy achieved net 
customer energy savings of 113,159 MWh, meeting 97% and 81% of its residential and commercial 
targets, respectively 30 Over the lifetime of these rebated and installed measures, cost savings will 
yield a 546% return on Hawaii's investment of $46.9 million ($1 7M/$29.9M Ratepayer/Customer 
Investment) 

IWh) I 
I 1 17% I I I I I 

'Based on 2009 sales of all HECO companies 

The savings levels achieved by Hawaii Energy are impressive compared to the HECO utilities' 
savings of 57,429 MWh in 2009, which accounted for 0 6% of sales (including Hawaii Energy for the 
second half of 2009) KlUC reported DSM savings of 19,217 MWh in 2009, or 4 4% of its sales in that 
year-a n im pressive achievement 31 

27 Docket No 2010-0037 

29 M~~~~~.ds~~eusa .o ro i~~c i imer? i s ! lncen i ives / c i i~ I  4R& 
30 Gawaii Energy. Annual Report PY 2009, December 15,2010 
3' 2010 HECO and KlUC RPS Status Reports, Year Ending 12/31/09 Does not include renewable displacement technologies 
(Le. solar hot-water) 

hit ./Avvw.ca itol.hawaii. ov/hrscLiirenii\/ol05 Ch0261-0319/HRS02GY/HRS 0269-0'1 21 h t m  
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Electric EERS 

Applicable Sector 
Natural Gas EERS 
Authority 1 
Date Enacted 
Date Effective 

Factors Affecting Performance 

All cost-effective efficiency procurement requirement for electric 
and natural gas utilities that needs to be implemented. A 
stakeholder Council called the Energy Conservation Management 
Board helps to review, provide crucial input into utility proposals 
to invest in all cost-effective efficiency resources Combined 
RPS/EERS 2007-2010 and commission-set utility targets, -1 YO 
annual savings 2008-201 1 
Investor-owned utility, municipal utility 
None 
Public Act 07-242 of 2007 
June 4,2007 
July 7, 2007 I 
-~ - - . - - - - - - .  

Decoupling and Performance Incentives 

In August 2010, the Hawaii PUC issued its final Decision and Order approving the implementation of 
the decoupling mechanism for the Hawaiian Electric Company (HECO) companies Utilities are 
required to report on their performance of commitments made in the Energy Agreement in their rate 
cases as the basis for review, modification, continuation or possible termination of the decoupling 
mechanism 32 

Hawaii Energy is compensated by the Commission for satisfactory performance of its contract. KlUC 
has not requested incentives The most recent bill establishing an Energy Efficiency Portfolio 
Standard (EEPS) allows the PUC to establish incentives and penalties based on performance in 
achieving the EEPS 

Legislative and Regiilatory Background 

Connecticut has an all cost-effective efficiency procurement requirement for electric and natural gas 
utilities that needs to be implemented It also has a stakeholder Council called the Energy 
Conservation Management Board comprised of representatives of commercial, industrial, residential, 
low income, and environmental interests that helps to review, provide crucial input into, and oversee 
the utilities' efficiency program. Connecticut established a renewable portfolio standard (RPS) several 
years ago and expanded it in 2005. Specifically, in June 2005, the Connecticut legislature adopted 
legislation that adds new "Class 1 1 1 "  requirements covering energy efficiency and combined heat and 
power plants (CHP) Under the new Class Ill requirements, electricity suppliers must meet 1% of 
their demand through using efficiency and CHP by 2007 and 4% by 2010 No additional Class I l l  
resources are required after 2010 Class Ill resources include customer-sited CHP systems, with a 
minimum operating efficiency of 50%, installed at commercial or industrial facilities in Connecticut on 
or after January 1, 2006, (2) electricity savings from conservation and load management programs 
that started on or after January 1, 2006, and (3) systems that recover waste heat or pressure from 
commercial and industrial processes installed on or after April 1, 2007 The revenue from these 
credits must be divided between the customer and the state Conservation and Load Management 
Fund, depending on when the Class I l l  systems are installed, whether the owner is residential or 
nonresidential, and whether the resources received state support. 

Distribution utilities and other power distributors are responsible for meeting the goals Existing 
energy efficiency programs can be used to help meet the goals, starting in 2006. Third-party 
providers can also earn savings certificates and sell these to power providers that have Class I l l  

32 See HI Docket 2008-0274 
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obligations Under the legislation, certificate values can range between $0 07 and $0 031 per kWh of 
savings 

The 2007 Electricity and Energy Efficiency Act (H B 7432) strengthened these requirements by 
enacting complementary policies, including policies covering energy savings from waste heat 
recovery. The law also requires utilities to adopt decoupling and enables performance incentives 33 A 
key provision of the Act is that it requires utilities to achieve resource needs through "all available 
energy efficiency resources that are cost-effective, reliable and feasible " The DPUC has interpreted 
this mandate overly restrictively, however, focusing only on capacity needs, and has not approved 
funding increases to achieve all cost-effective energy efficiency 34 

The distribution companies must submit biennial assessments of energy and capacity requirements 
looking forward three, five and ten years, as well as plans to "eliminate growth in electric demand" 
and to achieve other demand-side and environmental objectives. The Connecticut Energy Advisory 
Board (CEAB) reviews the plans before they are submitted to the Department of Public Utility Control 
(DPUC), along with CEAB comments and analysis In a separate proceeding, the DPUC reviews the 
annual Conservation and Load Management (CLM) Plan, which is developed by the utilities with 
oversight by the Energy Conservation Management Board (ECMB), which is appointed by the DPUC 
Connecticut electric utilities adopt savings targets through annual CLM Plans The ECMB oversees 
the Connecticut Energy Efficiency Fund (CEEF), which is primarily supported by monthly charges on 
customers' bills CEEF was created in 1998 to address increasing energy demand and rising costs 
With oversight by the ECMB and its consultants, the utilities administer the energy efficiency 
programs 

In its 2008 decision approving the combined 2009 CLM Plan submitted by the states' major utilities 
and the Energy Conservation Management Board, the DPUC ordered that the 2010 plan establish 
broader, longer-term goals 35 Connecticut utilities did not include long-term goals in the joint 2010 or 
201 1 Plans, but goals for programs do exceed 1% annual savings in 2010 and 201 1. The 2010 CLM 
Plan was approved, but the Department expressed concern that long-term goals were not ad~p ted .~ '  
However, utilities are reluctant to include long-term goals without commitment from the DPUC to 
increase levels of funding necessary for aggressive long-term energy efficiency goals The DPUC has 
shown no indication it will approve additional ratepayer funding for electric programs beyond the 
current stat,utorily-mandated ratepayer charge. Recent energy efficiency budget raids described 
below have fostered uncertainty that limits the utilties' desire to plan out energy efficiency over a long 
period of time 

Energy Savings Achieved vs. Targeted 

Connecticut has been among the national leaders in energy efficiency savings for many years As the 
table below illustrates, the state's CEEF-funded programs have been near or above the 1% annual 
savings for three consecutive years, meeting CLM goals in two of the last three 37 These figures 
include programs administered by both lOUs and municipal utilities 38 

33 Currently, only United Illuminating uses a full decoupling mechanism. The DPUC has not ordered full decoupling for other 
$as or electric utilities as of the printing of the report All utilities are eligible for performance incentives 

Docket 10-02-07 
35 Docket 08-10-03 
36 Docket 09-10-03, Department Order March 17, 2010, pgs 56-58 

Since CHP is included in the Class 1 1 1  targets, comparing energy efficiency savings to the RPS goals would not be accurate 
Currently, there is no analysis of progress towards meeting Class 111 RPS targets 
38 For mast recent information on municipal utilities' performance, see Enerns Efficiencv Seivices ZOO9 Aiinual Report. 
m c t i c u i  lulunicipal Electric E i i a y  Cooperative 

37 
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Source 2009,2010 and 2011 CLM Plans 
Note Data includes Low-income programs 

*Based on same year sales 
**Based on 2009 Sales 

Factors Affecting Performance 

Funding Levels  

Within the new framework created by the Electricity and Energy Efficiency Act, spending increases 
have been a major factor enabling and sustaining the attainment of higher energy savings The utility 
energy efficiency programs have the infrastructure and capabilities in place to acquire all cost- 
effective savings, but now these funding increases have been stopped and in some cases reversed 

Program plans-designed by the utilities to meet the explicit legal requirement for all cost effective 
energy savings-have been approved by ECMB, but funding increases have been blocked at the 
DPUC At UI, the efficiency program budget is dropping. Budget changes have been caused by a few 
factors, including years in which unspent funds were carried over from previous years, sometimes 
due to DPUC orders to freeze programs for budgetary reasons Changes also occurred due to influx 
of stimulus money Budget decreases have also been caused by the state re-allocating efficiency 
funds to cut budget deficits. Public Act 10-179 will reallocate approximately $19 million from the 
Conservation and Load Management Fund in 2012 and $27 million annually from 2013 through 2018 
to cut the deficit 39 

In 2009, electric efficiency program budgets dropped from $104 million to $73 million, which 
correlated to a savings drop from 354 GWh to 237 GWh Even as the budgets rebounded in 2010, 
uncertainty persists about future levels of funding It is also unclear whether Connecticut will establish 
a new set of long-term goals The DPUC did not adopt higher savings goals proposed by the CEAB, 
utility program administrators, and the Energy Efficiency Board in the last two Integrated Resource 
Plans (IRPs), which were equivalent to about 20% energy savings over ten years. Since the DPUC 
has failed to adopt and fund long-term goals in its 201 1 CLM plan, Connecticut no longer has a policy 
that can be characterized as an EERS. 

Decoupling and Performance Incentives 

Currently, only United Illuminating uses a full decoupling mechanism, adjusted annually During 
annual hearings, the Energy Conservation Management Board (ECMB) reviews the past year's 
results relative to the established goals and determines a performance incentive for the distribution 
utilities for achieving or exceeding the goals The incentive, referred to as a "management fee," can 
be from 1-8% of the program costs before taxes The threshold for earning the minimum incentive 
(I"/.) is 70% of the goal At 100% of the goal, the incentive would be 5% At 130% of goals, it would 
be 8% Program costs are recovered through rates 

39 Currently under consideration, SB1 157 would restore the funds with surplus anticipated to be announced at the beginning of 
May 
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Electric EERS 

Applicable Sector 
Natural Gas EERS 
Authority 1 
Date Enacted 

Energy Portfolio Standard 25% Renewable energy by 2025- 
energy efficiency may meet a quarter of the standard in any given 

rnvestor-ownedzlities, Retail Suppliers 
None 
NKS 704.7501 et sea. 
1997 

ear, or 6.25% cumulative savings by 2025. 

Legislative and Regulatory Background 

In 1997, Nevada established a renewable portfolio standard (RPS) as part of its restructuring 
legislation Assemblv Si!! (AB) 3 of 2005 revised the RPS, increasing the portfolio requirement to 
20% by 2015 and allowing the ut es to use energy efficiency to help meet the requirements 
Amendments in Senate Bill 355 of 2009 raised the standard to 25% by 2025 Energy efficiency 
measures qualify if they are subsidized by the electric utility, reduce demand (as opposed to shifting 
peak demand to off-peak hours), and are implemented or sited at a retail customer's location after 
January 1, 2005 Energy efficiency savings can meet up to a quarter of the total standard in any given 
year &B 1 o i  2007 expanded the definition of efficiency resources to include district heating systems 
powered by geothermal hot water (DSIRE 2011) 

The Public Utilities Commission of Nevada (PUCN) established a program to allow energy providers 
to buy and sell portfolio energy credits (PECs) in order to meet energy portfolio requirements The 
number of kWh saved by energy efficiency measures is multiplied by 1 05 to determine the number of 
PECs For electricity saved during peak periods as a result of efficiency measures, the credit 
multiplier is increased to 2 0 PECs are valid for a period of four years 

Since they are cumulative savings goals, the 25% target in 2025 will require only 6 25% of its sales in 
2025 to be met with energy efficiency over a twenty-year penod The average annual savings goals 
for periods 2009-2011, 201 1-2013, and 2013-2015 will be 0 375%, dropping to 0 25% for the next two 
five year intervals 

Table 9: Nevada Energy Portfolio Standard Goals 

Energy Savings Achieved vs. Targeted 

Since energy efficiency has been deemed an eligible resource in Nevada's RPS, the state's utilities 
have ramped up energy efficiency programs to meet the 25% cap in each year The RPS policy 
applies to Nevada's two investor-owned utilities (Nevada Power and Sierra Pacific Power) and one 
retail electricity supplier (Shell Energy) Sierra Pacific and Shell Energy met their full RPS 
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requirements while Nevada Power achieved 82% of the non-solar resource requirement Each entity 
reached the 25% cap for energy efficiency Nevada's lQUs achieved impressive savings from energy 
efficiency programs in 2009, substantially exceeding the cap on energy efficiency set in its portfolio 
standard 

'Source NPC 2010 Annual DSM Update Report 
** Source Sierra Pacific Power Company 2010 DSM Update Report 

Factors Affecting Performance 

Both utilities consider energy efficiency and conservation as the first leg of a "Three-Part Strategy" to 
meet customer energy needs The programs offered reach every customer segment and have been 
thoroughly examined to ensure effectiveness The latest plans scaled up successful programs and re- 
designed those in need of support 

Funding Levels 

The spending levels proposed by the utilities and approved by the PUCN will produce savings far 
exceeding those allowed in the Portfolio Standard Nevada Power will ramp up spending from $47 6 
million in 2009 to $76 4 million in 2012 The increased spending will also continue to drive high 
savings levels, as each utility has demonstrated in their latest DSM plans The drop in savings in 
2012 shown for both utilities is due to the inability of the utilities to claim savings on installations of 
CFLs because of a Nevada law that eliminates most incandescent lamps from the market, starting in 
2012 

Source NPC Docket No 10-0200C~ (Aptxoves 2010-2012 DSfifl Plan) and approved bunqets (via SWEEP), SPP 201 1-2013 
DSM Plan ---.- _. 

hode ilslancl 

Electric EERS 

Applicable Sector 

Natural Gas EERS 

Summary 
A 2006 state law requires the electric distribution utility to procure 
all cost-effective efficiency resources through a 3-year Efficiency 
Procurement Plan and requires full funding of the Plan After the 
required review and input by a key stakeholder efficiency council 
(which included a unanimous 7-0 vote), the Commission approved 
and fully funded the 2009-201 1 Efficiency Procurement Plan which 
includes electric utility savings targets of 1 12% in 2010, and 1 36% 
in 2011 The Energy Efficiency Council has proposed savings 
target of 1 7% in 2012, 2 1% in 2013, and 2 5% in 2014, which are 
currently being reviewed by the Commission. 
Investor-owned utilities 
As of 2010, state law newly requires the natural gas utility to 
procure all cost-effective efficiency resources through a 3-year 
Efficiency Procurement Plan and requires full funding of the Plan. 
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Authority 1 
Date Enacted 
Date Updated 

The Commission has approved natural gas efficiency savings for 
National Grid of 56,145 Annual MMBtu Savings in 2011 (-0 29% of 
sales) The Energy Efficiency Council has proposed savings target 
of 075% in 2012, 1 0 %  in 2013, and 1 2 %  in 2014, which are 
currently being reviewed by the Commission. 
R.1.G.L 5 39-1-27.7 
2006 
201 0 

Rhode Island's sole investor-owned utility, Narragansett Electric (National Grid), administers and 
operates a portfolio of energy efficiency programs for its customers, which account for 99% of 
statewide sales of electricity Recent legislation has significantly enhanced energy efficiency's role in 
planning and meeting resource needs The Rhode Island legislature unanimously passed sweeping 
new legislation on June 23, 2006 the Comprehensive Energy Conservation, Efficiency and 
Affordability Act of 2006 (R I G L § 39-1-27 7) This act establishes a Least Cost Procurement 
mandate-requiring utilities to acquire all cost-effective energy efficiency with input and review from 
the Energy Efficiency and Resource Management Council (EERMC). Under the Least Cost 
Procurement mandate, National Grid is required to participate in strategic long-term planning and 
invest in all energy efficiency that is cost-effective and cheaper than supply on behalf of its 
customers 

The act also established requirements for strategic long-term planning and purchasing of least-cost 
supply and demand resources Utilities must submit 3-year and annual energy efficiency procurement 
plans, which offer program details, as well as spending and savings goals Hearings are held once a 
year before the Rhode Island Public Utilities Commission to review program plans The current 3-year 
goals are 1 1% in 2009, 1 12% in 2010, and 1 36% in 2011 40 The EERMC has proposed savings 
target of 1 7% in 2012, 2 1% in 2013, and 2 5% in 2014, which are currently being reviewed by the 
Commission 41 

Rhode Island's EERS policy also includes natural gas targets On November 1, 2010 National Grid 
proposed savings targets for 2011 of 173,379 MMBtu and spending goals of $10,715,000. Despite a 
2010 legislative mandate to procure all cost-effective natural gas efficiency, the PUC also pointed to a 
legislative funding provision that it interpreted as setting a funding ceiling As a result, the 
Commission approved natural gas efficiency savings for National Grid of 56,145 Annual MMBtu 
Savings in 2011 (-0 29% of sales) 42 The PUC has indicated that it will promptly reopen the 
proceeding if the legislative language in question is amended 43 On May 18, 2011, the Rhode Island 
House passed legislation to clarify the full funding of all cost-effective natural gas efficiency The 
Rhode Island Senate is expected to take up the legislation shortly The EERMC has proposed 
savings target of 0 75% in 2012, 1 0% in 2013, and 1.2% in 2014, which are currenfly being reviewed 
by the Commission 

The EERMC has a specific legislative mandate and funding to guide, provide input, and oversee the 
development of 3-year energy efficiency procurement plans and related annual plans an consists of 
representatives of representing commercial, industrial, residential, low income, and environmental 
interests The EERMC is also charged with completing an Energy Efficiency Opportunity Report to 
identify the size of the character of the cost-effective efficiency resources available in the state The 
3-year and annual energy efficiency procurement plans are developed by the utility with input and 
oversight of a subcommittee of the EERMC and other key stakeholders, including the Division of 

40 Docket No. 41 '16. FeGrLiarv 8. ZOlO.(Revised Attachment B) 
4' See h t t o . / ! ' ~ ~ ~ ~ ~ ~ ~ ~ . ~ i i ~ ~ i c . o r q ~ e v e t ~ t s a c ~ i s n ~ / ~ o c ! ~ e ~ ~ ~ Z O 2 - E E ~ ~ l C - E S T - ~ i l i n ~ ~ 9 - ~ i - l O ~ . ~ d f  
42 Docket 4209. January 2'1,'lJ 

See ENE (Environment Northeast), .1 Boosf fsr Efficiency in RAcde Islsnd Providence 201 1, A bill is currently being 
considered. tl 5261 would remove the cap on its natural gas energy efficiency charge and allow for a fully-reconciled funding 
mechanism 

43 
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Public Utilities and Carriers and TEC-RI, a consortium of the state's largest energy users The full 
EERMC votes whether to approve the utility's EE plans before they are submitted to the PUC and is 
present in all related PUC dockets The EERMC also is charged with evaluating the cost- 
effectiveness of the EE programs and upon a finding of cost-effectiveness, state laws provide for a 
fully reconciling funding mechanism to fund the EE program investments 

It is through Rhode Island's underlying economic procurement requirement, stakeholder involvement, 
and the subsequent PUC Efficiency Procurement Standards and dockets that an energy efficiency 
savings requirement is established for the electric utility 

Energy Savings Achieved vs. Targeted 

National Grid, the state's electric and natural gas distribution utility has been able to meet the EE 
targets established through the above process The utility plans to double the amount of savings for 
its customers, relative to 2008, over the three years from 2009 to 201 1 through the implementation of 
programs that are lower than the cost of supply and are prudent and reliable The projected 
cumulative amount of 265,000 net annual MWh savings over the three years is 90% of the 
"Aggressive Achievable Case" for energy efficiency procurement over the same period presented in 
an energy efficiency potential study by the consultancy KEMA submitted to the EERMC 44 In its three- 
year plan, National Grid emphasized the importance of creating the delivery structure and financing 
mechanisms to enable the planned program expansion to proceed in a realistic and sustainable 
manner.45 The program portfolio for 201 1 is projected to have a benefit-cost ratio of 2 86 The Energy 
Efficiency Council has proposed savings target of 1.7% in 2012, 2 7 %  in 2013, and 2 5% in 2014, 
which are currently being reviewed by the Commission 

Factors Affecting Performance 

Funding Levels 

In order achieve these levels of savings, funding increased from $24 million in 2009 to $31 million and 
$45.6 million in 2010 and 201 1 The greater investments are required by Rhode Island's 2010 energy 
bill which requires full funding for all cost-effective efficiency measures. Funding sources include an 
energy efficiency program charge, revenue from carbon auction proceeds from the Regional 
Greenhouse Gas Initiative (RGGI), and the Forward Capacity Market Investments in this three-year 
period will generate $281 million in lifetime energy savings for Rhode Island ratepayers 46 

Documented results for 2008-2010 show $345,128,000 in total benefits to electric ratepayers and 
$120,859,700 in total benefits to natural gas ratepayers ,Total utility program cost for 2008-2010 was 
$66,328,600 for electric and $17,998,500 for natural gas 

See ENE (Environment Northeast), RI Opportunity Report and related information at, httls./i'wvN.env- 44 

ne.ora/resourcesio eidi1/id/G45!iroin/33Y '' National Grid ThFee Y e a r a i  Aiance Plan 
*' g e :  ~ ~ ~ i ~ ~ ~ j ~ ~ . e i ? v - - n c , o r 4 / ~ , u b l i c , ~ e ~ o ~ ~ r c e s / n ~ ~ ~ / R ~  EERMC AnnualReport Anril?Ol 'I .udf 
47 R I  EERrvlC. Annual Report io the General Assembly. April 2011. 
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Electric EERS 

Applicable Sector 

Natural Gas EERS 
Authority 1 

Least-Cost Procurement Policy 

1-937 Energy Efficiency Biennial and Ten-Year Goals Vary by 
Utility 
Investor-owned utilities, Municipal utilities, Public Utility Districts, 
Co-operatives 
None 
Ballot Initiative 1-93. 

A key factor in Rhode Island's success has been the Least Cost Procurement requirement that the 
state's utility shall invest in efficiency resources whenever they are cost-effective and cheaper than 
supply resources The establishment of the EERMC has also been critical in identifying the potential 
energy efficiency resource and acting as a guide and evaluator throughout the utility energy efficiency 
procurement planning process 

Decoupling and Performance Incentives 

I Date Effective I 4/18/08 

Legislafive and Regulatory Background 

Washington voters approved ballot initiative 937 in November 2006 which set new renewable energy 
resource and conservation requirements for large electric utilities to meet The ballot, codified in 
Chapter 19.285 RCW, had rules adopted for its implementation in 2007 and 2008 48 The energy 
conservation section requires each qualifying utility (those with more than 25,000 customers in 
Washington) to "pursue all available conservation that is cost-effective, reliable and 
feasible " Seventeen utilities, both publicly owned and investor owned, currently meet the definition of 
qualifying utility. "High efficiency cogeneration" is included as part of conservation and the term is 
defined in the law The law requires utilities to use the Northwest Power and Conservation Council's 
(NPCC) methodology to determine their achievable cost-effective Conservation potential through 
2019, and update that potential assessment every two years for the subsequent ten-year period. 
Utilities also must establish a biennial acquisition target for 2010-2011, and update that target every 
two years If a utility does not meet its conservation goals, it must pay an administrative fine for each 
MWh of shortfall, starting at $50 and adjusting annually for inflation beginning in 2007. 

The three major IOU's submitted reports in 2010 with a biennial conservation target as well as a ten- 
year achievable conservation potential The energy efficiency targets Washington's utilities must meet 
amount to some of the most aggressive in the country The credit for these ambitious targets is 
largely due to the law's requirement that utilities follow the NPCC methodology The NPCC is the 
regional energy planning entity, established through the 1980 federal "Power Act " The Act codified 
energy efficiency as a real resource and required the region's largest supplier of electricity, the 
Bonneville Power Administration (BPA), to acquire energy efficiency that is cost effective, i e ,  less 
expensive from the standpoint of the total cost per unit of energy saved than the next least-expensive 

WAC 480-109 for investor owned utilities; and WAC 194-37 for public utilities 

31 



EERS A Progress Report on State Experience, 0 ACEEE 

available resource. To guide BPA, the Act authorized the NPCC to produce a Northwest energy 
efficiency and power plan every five years In its Sixth Power and Conservation Plan released in 
2010, the NPCC concludes that energy efficiency can meet 85% of load growth in the region through 
2030 at an average cost of 3 6@/kWh, providing over 5900 average MW (aMW) of new energy 
efficiency savings (NPCC 2010) 49 While the lOUs and public utilities did not all use the Power Plan to 
set targets, the document usefully informed the planning process 50 

Prior to the implementation of its EERS, many of Washington's investor- and publicly-owned utilities 
had long records of significant investments in energy efficiency Washington's diverse mix of private 
and public utilities have long records of offering customer energy efficiency and conservation 
programs 

Investor-owned utilities account for approximately half the retail electric sales in the state Washington 
is a non-restructured state and has no public benefits funding to support programs Investor-owned 
utilities recover the costs of energy efficiency programs through tariff riders Program costs are 
reported and adjusted annually in proceedings before the Utilities and Transportation Commission. 

Energy Savings Achieved vs. Targeted 

Entering the second year of the biennial program planning period, Washington's lOUs are on track to 
meet their goals cost-effectively Using the Total Resource Cost (TRC) test, PSE's 2010 electric and 
gas programs performed at 2 15 and 1 22, respectively (3 39 ant, 2 78 using the Utility Cost Test) 
The respective TRC figures for Avrsta rn 2009 were 1 68 and 1 08 

Table 13: Washington IOU Energy Savings Achieved vs. Targeted 

'Retail sales reported in EIA 2009 
**Savings data reported in utility DSM Annual Business Plans/Report (PSE. Avista) 

***Converted from Average MW 

Facfors Affecting Performance 

Collaboration among Stakeholders 

The extensive planning process undertaken in 2009 has paid dividends for program performance in 
2010 and 2011 The planning process benefited from a Conservation Working Group (CWG), which 
created a forum for the three utilities and regional stakeholders to share best practices and lessons 
learned The CWG was formed in 201 1, primarily to aid in providing clarity, certainty, and consistency 
where possible for lOUs in implementing their 1-937 requirements No similar process exists for the 
public utilities 

'' 5900 aMW equals 51,684 GWh Taking Washington's share of electricity load in the Northwest (+I%), we have calculated 
the statewde goal in Washington to be 26,358 GWh by 2030, or 1 5% of 2009 retail sales annually 

PSE used its own IRP to set its target, PacifiCorp looked at the 6Ih Plan and adjusted its "share" generally downwards based 
on its IRP and key differences between its sewice territory and the overall region, Avista used its share of the 6Ih Plan but 
added fuel switching Some public utilities used the 5 I h  Power Plan, which identified a lower amount of regional savings than 
the 6Ih Plan Beginning with the next biennium-2012-2013-the 5Ih Power Plan will no longer be an option 
5' Assumes 100% net-to-gross ratio 
'* UE-100176 
53 UE-IooIio 
54 m 0 1 7 7  

50 
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Experience with Energy Efficiency 

Washington's initial success staying on track to meet its targets may be partly attributed to the utility 
program delivery and reporting infrastructure established throughout the past decades, including a 
Regional Technical Forum that provides utilities with deemed savings for a host of EE measures. 
Washington's three lOUs have set annual DSM program portfolio savings targets for many years in 
IRPs, and BPA has required DSM reporting from the public utilities for years The long-standing 
commitment to DSM in the region fostered numerous groups, systems, and tools that promote and 
deliver energy efficiency services As a result, Washington achieved statewide savings of 0 61% 
compared to retail sales in 2008 (Molina et al 2010) 

EERS Impacts on an Established Energy Saver 

The implementation of the 1-937 targets benefits Washington more than if it had maintained the 
status-quo, however, sending an important lesson to states without a statewide EERS that have 
energy efficiency programs in place Aside from spurring a slight ramp-up in savings levels, the 
statewide EERS provides the state's lOUs certainty that benefits program development Importantly, 
the targets have a much greater impact driving higher levels of savings from public and co-operative 
utilities in Washington, which account for just over half the electric sales in the state and varied 
greatly in their DSM offerings in the past. Tacoma Power customers will see a major boost in energy 
efficiency investments as a result of 1-937, for example Most publicly-owned utilities in Washington, 
including Bonneville Power Administration, Seattle City Light, and Snohomish County Public Utility 
District, have historically provided funding for energy efficiency programs and services 

The targets also strengthened the system of evaluation, monitoring, and verification of energy 
efficiency savings from programs Since the WUCT approves the biennial efficiency targets for 
investor-owned utilities, Commission staff must base their recommendation for approval on more 
sufficient evidence than the deemed savings previously submitted by utilities. The targets, therefore, 
is spurring a transition for some utilities to a system of third-party verified savings and measures 
installed, resulting in a statewide effort to improve and streamline reporting requirements. PSE, for 
instance, now relies primarily on third-party EM&V The increased focus on EM&V will result in more 
certain savings and prudent energy efficiency investments 

Electric Energy Efficiency Goals 

Applicable Sector 

Natural Gas Goals 

Authority 1 

Summary 
PSCo and Black Hills Energy (BHE) both aim for 0 9% of sales in 
201 1 and increase to I 35% (1 0% for BHE) of sales in 2015 and 
then 1.66% (1.2%) of sales in 201 9 
Investor-owned utilities 
Expenditure targets equal to at least 0.5% of prior year's 
revenue-savings targets commensurate with spending targets 
and expressed in terms of gas saved per unit of program 
expenditure, goals set by gas utilities as part of their gas DSM 
program plans. 
CRS 40-3.2-101, et sect.- 

Legislative and Regulatory Background 

The Colorado legislature passed HB-07-1037 in April 2007, which amended Colorado statutes C R S 
40-1-102 and 40-3 2-101-105 by requiring the Colorado Public Utilities Commission (COPUC) to 
establish energy savings goals for investor-owned electric and gas utilities The bill also requires the 
COPUC to provide utilities with financial incentives for implementing cost-effective energy-saving 
programs The COPUC must report annually on the progress made by investor-owned natural gas 
and electric utilities in meeting their demand side management goals 
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The EERS statute does not directly set a fixed schedule of statewide percentages of energy savings 
to be achieved by particular years, nor does it require the acquisition of all cost-effective energy 
efficiency resources Instead it sets an overall multi-year statewide goal for investor-owned utilities of 
at least five percent of the utility's retail MWh energy sales in the base year (2006) to be met by the 
end of 2018, counting savings in 2018 and including savings from DSM measures installed starting in 
2006 The law empowers COPUC to set interim goals for utilities and to modify goals 

Public Service Company Colorado (PSCo) and Black Hills Energy (BHE) together account for more 
than 80% of the total projected GWh savings and over 58% of retail electricity sales in the state, 
some municipal utilities and electric co-ops also implement efficiency programs 

In a May 2008 decision, the COPUC set energy savings goals for PSCo for the period 2009-2020 
The goals set energy saving targets of 0 53% of retail sales in 2008, ramping up to 1% in 2015, and 
1 2% in 2019 The savings would amount to 3,669 GWh over the 12-year period 55 The Commission 
accepted modified goals for PSCo for 2009 and 2010 in a Settlement Agreement in Decision R08- 
1243 in February 2009, which were designed to save approximately 0 6% (176 GWh) in 2009 and 
0 8% (237 GWh) in 2010, exceeding the mandated savings in both years 56 PSCo plans to achieve 
255 GWh in 201 1 57 

Black Hills Energy adopted an efficiency plan that aims to save 0 53% of projected sales in 2009 
(10,287 MWh), 076% in 2010 (15,156 MWh), and 080% in 2011 (16,522 MWh)58 The statutory 
minimum goal for Black Hills over the ten-year period is 93 9 GWh, based on 2006 sales 59 

In May 2011, COPUC approved new goals for PSCo for the 2012-2020 period The goals are 
approximately 130 percent of the annual goals approved in May 2008, beginning at 1 14% of sales in 
2012, ramping up to 1 35% in 2015, and reaching 1 68% in 2020 The goals set out to achieve 3,984 
GWh in the nine-year period 6o 

For investor-owned natural gas utilities, the EERS legislation structured the requirement in two parts 
First, the natural gas IOU's must set DSM spending targets of more than 0 5% of revenues from 
customers in the prior year Energy savings targets are then established by COPUC commensurate 
with spending and stated in terms of quantity of gas saved per dollar of efficiency program spending 

Energy Savings Achieved vs. Targeted 

Leveraging parent company Xcel Energy's years of program delivery experience in Minnesota, PSCo 
surpassed their planned 2009 and 2010 electricity savings goals, saving 220 GWh in 2009 and 253 
GWh in 2010 " Black Hills Energy was less successful in the 2009/2010 program period BHE notes 
in its 2009/10 Annual Status Report that it received approval of its programs only a month prior to the 
July Is', 2009 start date, which did not give the utility enough time to design and execute programs in 
time for the 2009 Summer As a result, savings and spending fell below targets for the year BHE 
spent $1 4 million and saved 4,554 MWh--58% and 44% of their respective targets 62 

55 Docket No 07A-420E, Decision C08-0560 
5G Based on 2009 retail sales Xcel Energy/Public Service Company of Colorado. 20091201 0 J?emaiid-Side Manaaemcn: 
___-- Biennial Pian, Electric and Natural Gas, Docket No 08A-366EG Originally filed August 2008, revised February 2009 In this 
profile, Xcel goals and savings are given at the generator level, these values need to be reduced by about 7% to get savings at 
the customer level 
57 PSCo 201 1 DSM Pian 

COPUC Docket No O W - 5  1 BE Decision No R09-0542, 
59 Public Utlliiies Commission Repoit to the Colorado General Assembly on Demand Side Management April 28, 2009 
6o Docket No 10A-554EG, Decision No C11-0442 

Savings data from Fourth Quarter Colorado DSM Roundtable Update, 2/15/11 
'* Black Hills Energy Colorado Electnc Annual Status Report Energy Efficiency Programs 2009-2010 

Docket No 08A-366EG 2009 Savings data from 2009 Demand-Side Management Annual Status Report, 4/5/10, 2010 61 
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Electric EERS 

Applicable Sector 

Natural Gas EERS 

Authoritv 1 

*Program year beginning July 1,2009 ending June 30,2010 

For natural gas, PSCo had already budgeted 250% of the minimum spending requirement prior to the 
EERS, as gas prices had doubled due to suppliers building a pipeline out of the Rocky Mountains 
Now that prices have declined again, energy efficiency measures are much less cost effective, many 
with a total resource cost of 1 1 In 2009, the first year goals took effect and the first year in which 
PSCo had a complete and comprehensive efficiency plan in place, savings were 308,761 Dth, or 97% 
of the goal the Commission-approved plan 63 

Factors Affecting Perfhnance 

0 2% annual savings in 2008, ramping up to 1% in 2012, 2% in 
2015 and thereafter 
Investor-owned utilities, retail supplier, Illinois DCEO 
8 5% cumulative savings by 2020 (0 2% annual savings in 2011, 
ramping up to 1.5% in 2019) 
3 220 ILCS 5/6- 103 

Funding Levels 

Authority 2 

Authority 3 

One of primary ways utilities are using to achieve greater energy savings has been to invest more 
money funding for utility energy efficiency has increased rapidly in Colorado as the PUC sets energy 
savings goals According to the revised 2009/2010 Demand-Side Management Biennial Plan, PSCo 
increased their investment in gas and electric efficiency and demand programs from $63 million in 
2009 to $80 million in 2010 

IPublic Act 36-0033 

s. B. '1 9 1 e, 
__-__. 

Performance Incentives 

Policies complementary to the EERS partly attribute to PSCo's success COPUC has implemented a 
performance-based incentive for PSCo, enabling them earn a return of 1-15% of net benefits on its 
demand-side management expenditures as long as it achieves at least 80% of its energy savings 
goal in any one year The incentive is tied to energy savings achieved and the net economic benefits 
of the programs The total payment of the performance incentive and a separate pre-tax disincentive 
is capped at $30 million Black Hills Energy has adopted the same mechanism. 

Meeting Future Goals 

With the aggressive savings increases planned over the next three to four years, PSCo will build on 
its strong residential, commercial and industrial programs, expanding marketing and incentive levels, 
and possibly adding further market transformation programs In addition to continuing and expanding 
existing programs, new directions will be explored, including behavioral programs in the residential 
sector 

63 Docket No 08A-366EG 2009 Demand-Side Management Annual Status Report, 4/5/10 
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2008 2009 2010 2011 2012 

020% 040% 0 6 0 %  080% 1 00% 

Legisla five Background 

2013 2014 2015+ 

1 40% 1 80% 2 0 0 %  

The scope of energy efficiency activity in Illinois began a dramatic expansion in July 2007, when the 
state legislature passed the Illinois Power Agency Act (IPAA), which includes requirements for energy 
efficiency and demand response programs The IPAA establishes an EERS that sets incremental 
annual electric and natural gas savings targets based on previous year's consumption, beginning on 
June 1 of that year The electric savings requirements began at 0.2% in 2008 and ramps up to a 
requirement of 2% annual savings in 2015 and thereafter. The natural gas goals begin in 2012 with a 
0.2% reduction of 201 1 sales and ramp up to 1 5% annual savings by 2019 

Investor-owned electric utilities are responsible for roughly 75% of program savings and spending, 
while the Illinois Department of Commerce and Economic Opportunity (DCEQ) administers the 
remaining 25% of the funds, which are used to for efficiency programs serving government facilities, 
low-income households, and market transformation-oriented information and training programs. 

The rate increase for customers due to energy efficiency is limited by statue to 0.5% of the total 'per 
kWh' charge in the first year and increasing to 2 0% in 2012 If the rate impact cap is reached, the 
energy savings goals will be relaxed to the maximum savings that can be achieved within the rate 
impact cap. If, after 2 years, an electric utility fails to meet the efficiency standard it must make a 
contribution to the Low-Income Home Energy Assistance Program and transfer the program to the 
Illinois Power Authority 

Energy Savings Achieved vs. Targeted 

Results to date among the major program administrators in Illinois have been mixed ComEd and 
Ameren Illinois exceeded savings reqiiirements in its first two program years while DCEO has not met 
savings goals in either of its first two program years Independent analysis of ComEd's programs in 
its second program year found portfolio cost-effectiveness based on the Illinois Total Resource Cost 
(TRC) test to be 2.84 Ameren Illinois met its goals in 2009 cost-effectively as well as its portfolio 
scored a 2 78 using a TRC Test. 

Table 16: Illinois Electric Efficiency Savings 2008-2010 

Sources ComEd Ycai 1 E v a I i i a t i o n R m ,  ComEd Year 2 Evaluation Report, Arneien I l i ino ismL I Anntial R e p a ,  & n u l  
Illinois Final PY2 ~vko&k~&-moSg~teniber 2010, QC3-YSErat..Year 2 E?ialiiation_ 

Factors Affecting Performance 

DCEQ claims numerous factors prevented outright success for its public sector and low-income 
programs, such as the economic downturn and its effect on government and school budgets DCEO 
market transformation activities such as training for contractors and technical assistance do not count 
for any savings during the first three years and public entities also require substantial technical 
assistance with completing paperwork, which increases the administrative costs of running the 
programs Federal funds from the Recovery Act used by municipalities also supplanted, rather than 
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Electric EERS 

Applicable Sector 

Natural Gas EERS 

Authority 1 
Date Enacted 
Date Effective 

supplemented, the state government programs, impeding higher levels of savings In response to 
these challenges, DCEO adopted new approaches in more recent program years, hiring more 
contractors to assist government agency customers, and partnering directly with Community Colleges 
and the State Board of Education to promote DCEO energy efficiency programs DCEO also 
partnered with Regional Planning Agencies, which were assisting the administration of municipal- 
aimed Recovery Act funds (Energy Efficiency Community Block Grants (EECBG)) 

1 5% annual savings beginning in 2010 (1% from programs, 0.5% 
from codes, standards, transmission and generation 
improvements). 
Investor-owned utilities, retail suppliers 
0.75% annual savings from 2010-2012, 1 5% annual savings in 
201 3 
Minn. Stat. 5 2i6B.24J 
2/22/2007 
2/22/2007 

Funding Levels 

In order to meet the increasing savings goals, Illinois utilities increased energy efficiency budgets 
Funding for electric efficiency programs shot up from less than one million in 2007 to $89 9 million in 
2009 and then to $107 4 million for 2010 (ACEEE 2011) Natural gas efficiency budgets went from 
zero in 2007 to over $4 million in 2009 In its 2008-2010 plan, ComEd's spending screens ramp up 
from $394 million to $126 7 million in 2010 In its 2011-2013 plan, its spending screens stabilize 
around $160 million per year For Ameren Illinois the limit levels off at $60 million. However, a 
process is underway in which the Commission will report to the legislature on the impact of the 
spending caps, and the legislature will have an opportunity to increase or eliminate those caps 

Meeting Future Goals 

There is widespread concern among program administrators that when the spending caps are 
reached, the annual savings goals will not be met The spending limit stays fixed after it reaches 2% 
in 2012, but the MWh requirements continue to increase In the long term, all the program 
administrators agree that new funding will be required and that there will be an effort to raise the 
spending limits supported by environmental and consumer stakeholders, who assert that annual 
savings above 1% can be reached and sustained cost-effectively statewide 

Legislative Background 

Minnesota investor-owned electric and gas utilities are subject to the energy savings requirements of 
the Next Generation Energy Act (NGEA), passed by the Minnesota Legislature in 2007 (Minnesota 
Statutes 2008 3 2165 241) Among its provisions, the Act set energy-saving goals for utilities of I 5% 
of retail sales each year, commencing with the first triennial plan period that began January 1,  2010 
Of the 1 5%, the first 1% must be met with direct energy efficiency energy savings, or conservation 
improvements This may include savings from efficiency measures installed at a utility's own 
facilities The NGEA also allows savings to be achieved indirectly through energy codes and 
appliance standards Up to 0 5% may be met by efficiency enhancements to each utility's generation, 
transmission, and distribution infrastructure Electric and natural gas municipal utilities and co- 
operatives must set energy efficiency spending goals based on a percentage of revenue. Prior to the 
Next Generation Energy Act going into effect fully in 2010, Minnesota utilities were required to spend 
a percentage of gross operating revenue (0 5% gas, I 5% electric) on energy efficiency programs 
rather than to achieve a set amount of energy savings 
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The NGEA allows a utility to request a lower target (based on historical experience, an energy 
conservation potential study, and other factors), but in no case can that be lower than 1% per year 
Lower savings can also be justified if the Commissioner of Commerce determines that additional 
savings are not cost-effective to ratepayers, the utility, participants, and society In 2009, the state 
legislature amended the Act to reduce the mandated level of savings during the first three years for 
natural gas utilities, establishing an interim average annual savings goal of 0 75 percent over 2010- 
2012 (Minnesota Session Laws 2009, Ch 110, Sec 32) 

For the first triennial period 2010-2012, Centerpoint Energy's natural gas energy efficiency plan is to 
increase savings from 0 73 to 0 78%, averaging the minimum 0 75%. Xcel Energy electric savin s 
goals included in their approved triennial plan are 1 15% in 2010, 1.2% in 2011, and 1 3% in 2012 6 8  

Energy Savings Achieved vs. Targeted 

Minnesota's utilities achieved increasing levels of efficiency savings over the 2007-2009 period The 
Minnesota Office of Energy Security (OES) reported that statewide energy savings in 2009 met 
around 1 0 percent and 0 6 percent, electric and natural gas respectively, of 2007-2008 retail sales 

Table 17: Minnesota Statewide Electric Savings Achieved from Conservation Improvement 
Programs, 2006-2009 

2008 I 597,288 1087% I 1,534,121 
2009 I 648,163 1095% I 1,777,369 I 0.63% 
Source -Maie&ota Consenlation Improvement Prow ani Enciav and Carbon Dioxide Savincis RePoit for 2008-2003 March 
73,201 1 

Factors Affecting Performance 

Funding Levels 

Reaching these higher levels of savings necessitated increased funding levels The $144 million 
statewide budget for electric efficiency programs in 2009 eclipsed 2008 levels by $42 million 
Spending levels will continue to rise as goals ramp-up and programs attempt to reach new sectors 
and achieve deeper levels of savings. Overall Conservation Improvement Program (CIP) spending by 
investor-owned utilities is projected to increase from $77 million in 2008 to $127 million in 2010, an 
increase of 65 percent 

Performance Incentives 

In 2010, Minnesota adopted a new "shared savings" model for incentives This incentive is voluntary 
(utilities are not required to participate), applies to any utility participating in the Conservation 
Improvement Program, and will replace existing incentives in 2010 66 This incentive is designed to 
help utilities meet the 1 5% savings goal The percentages are set individually for each utility and are 
reviewed each year 

64 Targets presented in CenterPoint Energy's 2010-2012 Triennial Conservation improvement Program Pian, Xcel Eneiav 
20 10120 1 1/20 12 Triennial Plan-Minnesota Electric and Natuial Gas Conservation Iinpro\fernent Proqram 
65 Based on "average sales" figures presented in CIP Energy and Carbon Dioxide Savings Report for 2007-2008 
66 Order issued January 27, 2010 in Docket E,G-999/Ci-08-133 
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Electric EERS 

Applicable Sector 
Natural Gas EERS 

Authority 1 
Date Enacted 

Experience with Energy Efficiency 

(REPS) Investor-owned 12.5% b y  2021 and thereafter Mtrnicipal 
and co-operative utilities 10% by 2018. Energy efficiency is capped 
at 25% of the 2012-2018 targets and at 40% of the 2021 target. 
Investor-owned utilities, Municipal utilities, Co-operatives 
None 
N.C. Gen. Stat. 6 62-133.8 
Enacted 8/20/2007 
Effective: I /  1/2008 

Minnesota has a long record of customer energy efficiency programs offered by both investor-owned 
and publicly-owned utilities These programs have achieved significant energy savings for well over 
two decades, without any of the interruption or upheavals that occurred in most other states that 
restructured their electric utility industries 

Meeiing Future Goals 

Despite higher spending levels, Minnesota will face several challenges as its utilities attempt to find 
ways to meet future savings goals In the case of Xcel Energy, it will strive to meet the electric 1 5% 
goal over the long term from customer programs, possibly during the next triennial planning period 
from 2013 to 2015 While some stakeholders in the state argue the goal cannot be achieved over the 
long-term, others believe that the Minnesota's success thus far doubling and tripling energy savings 
as utilities ramp up demonstrates the feasibility of aggressive savings in the state 

Impact of Codes and Standards 

The impact of higher appliance standards and building codes on utility savings may be a major factor 
determining the future savings levels for Minnesota utilities, depending on how the Commission 
addresses the issue in future dockets Stringent codes and standards that raise baseline conditions 
for energy efficient equipment result in lower savings attributable to utility efficiency programs, which 
can reduce a utility's ability to claim savings and reduce the cost effectiveness of program portfolios 
Mitigating these effects, Minnesota is one of the few states that permit utilities to get credit for savings 
from codes and standards 

Collaboration among Stakeholders 

Xcel Energy describes their future efficiency program success as dependent on many factors, 
including the growth of their existing program portfolio, emerging energy efficient equipment 
technologies, market transformation, and the development of methodologies to quantify savings from 
nontraditional programs Two key energy savings areas Xcel is looking at that fit squarely with the 
1 5% Energy Efficiency Solutions Project are behavioral programs and codes and standards 

Seeking to address the issue of codes and standards among other potential barriers, the Minnesota 
Office of Energy Security contracted with the Minnesota Environmental Initiative (MEI) to lead a multi- 
stakeholder process to find ways to achieve the 1 5 %  goal The ME1 developed a "1 5% Energy 
Efficiency Solutions Project" and convened technical working groups to focus on four "policy barrier 
issue areas" behavioral programs, low income, codes and standards, and utility infrastructure 
improvements The Project released its final report in March 201 1 67 

North Carolina 
Summary 

I Renewable Energy and Energy Efficiency Portfolio Standard 1 
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Authority 2 
Date Enacted 
Date Effective 

04 NCAC 11 ROe-64. et seq. 
2/29/2008 
2/29/2008 

- 

Legislative Background 

North Carolina Senate Bill 3 was finalized in 2008, introducing the state's combined Renewable 
Energy and Energy Efficiency Portfolio Standard (REPS) Under the REPS, public electric utilities in 
the state must obtain renewable energy power and energy efficiency savings of 3% of prior-year 
electricity sales in 2012, 6% in 2015, l0Y0 in 2018, and 12 5% in 2021 and thereafter For IOUs, 
energy efficiency is capped at 25% of the 2012-2018 targets and at 40% of the 2021 target Co- 
operative and municipal utilities may satisfy their all of their REPS requirements with energy efficiency 
outside of particular set-asides for solar and other resources Utilities demonstrate compliance by 
procuring renewable energy credits (RECs) earned after January 1, 2008 Under NCUC rules, a REC 
is equivalent to 1 MWh of electricity avoided through an efficiency measure Since the REPS goals 
are cumulative, the 12 5% target in 2021 will require 5% of its sales in 2021 to be met with energy 
efficiency over the entire 73-year penod in which energy efficiency savings may be counted 
Averaged over three years, each target period until 2018 requires annual savings of 0 25% The final 
period from 2018 to 2020 will allow annual energy savings of 0 83% Ut es plan to employ more 
than the full quarter allowable over the next ten years Industrial customers may opt-out of utility 
energy efficiency programs and not bear the costs of new programs if they implement their own 
programs 

Table 18: REPS Savings Schedule and Eligible Efficiency for North Carolina lOUs 

2018 I 10.00% 2 50% 

Each electric power supplier must file a REPS compliance plan for Commission review as part of its 
Integrated Resource Planning (IRP) filing on or before September 1 of each year A utility's IRP filing 
must include a comprehensive analysis of all resource options considered by the utility, including 
demand-side management and energy efficiency, which must result in "the least cost mix of 
generation and demand reduction measures achievable 'm According to Commission Rule R8-60, 
IRP filings must include a 15-year forecast of demand-side resources, among other requirements for 
the assessment and characterization of the demand-side resource 

2021 I 12.5% 

EERS lmpact on Energy Efficiency Programs 

5 yo 

The targets have been effective in prompting utilities to develop energy efficiency programs, bringing 
substantial benefits to customers Duke Energy Carolinas introduced energy efficiency programs in 
mid-2009 and projects savings from these programs will achieve more energy efficiency savings than 
can be utilized under the REPS for the foreseeable future G9 Progress Energy had existing programs 
prior to Senate Bill 3, but developed an expanded portfolio of programs between 2008 and 2010 'O 

Duke and Progress estimate cumulative savings to be 4 9% and 6 2% of retail sales, respectively, 
over the next ten years Dominion North Carolina Power plans to achieve energy efficiency savings 

" N C Gen Stat $j 62-2(3a) 
" ULilte IRP, page 16 
7 u P l o c l r E F ~ n e i e ~  IRP 
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Energy Efficiency Goal 

Applicable Sector 
Natural Gas EERS 
Authority 1 
Date Enacted 
Date Effective 

beginning in 207 1 7 '  A s  these targets are adjusted annually, the next couple of years will be critical as 
Duke in particular shifts from a program portfolio that emphasizes CFLs towards a more diverse 
portfolio As of the writing of the report, no public information is available detailing actual energy 
savings from energy efficiency programs 

15% per-capita electricity use reduction goal by 201 5 with 
targeted reductions of 5% by 2011 calculated against a 2007 
baseline (1 0% by utilities, 5% achieved independently) 
Statewde Goal 
None 
Md Public Utilitv ComDdnies Code G 7-21 I 
04/24/2008 
0610 1 /2008 

The REPS goals succeeded in pushing North Carolina's utilities to develop programs, with the added 
benefit of catalyzing programs in South Carolina. While the targets are some of the lowest in the 
nation, utilities may set savings targets above the allowable REPS goal In some instances however, 
such as with Dominion Power, utilities will only seek to save the minimum necessary to meet the 
REPS goal 

Complementary to the REPS goals, PEC and Duke have also obtained financial structures that 
promote added achievement7* The initial results suggest that Duke has been very aggressive in 
making sure it achieves as much as possible early in its program deployment. Longer term impacts 
are less clear PEC has been less forthcoming about its program impacts and it is not clear that 
financial structures alone are enough to motivate PEC It is also unclear whether recently approved 
lost revenue adjustment mechanisms approved for both utilities will persuade the companies to invest 
more heavily in demand resources than supply, namely nuclear power, resources 73 

While prompting utilities to develop energy efficiency program portfolios is a notable achievement, 
particularly for public and co-operative utilities unlikely to pursue DSM without a policy in place, the 
paltry 5% cumulative goal energy efficiency goal will not drive annual efficiency savings levels much 
higher than 0.40% over the next decade-acting more like a business-as-usual baseline than a goal 
to drive market development and transformation There is ongoing disagreement among 
environmental groups and utilities over whether the energy efficiency programs pro osed by the lOUs 
in their latest resource plans are fully harnessing the energy efficiency resource "Adding additional 
uncertainty to the situation in North Carolina, the N C State Legislature also has a bill under 
consideration that would repeal Senate Bill 3 75 

Legislative Background 

Although Maryland's utilities ran energy efficiency and demand response programs in the 1980s and 
early 199Os, most of these efforts were discontinued when the state removed regulations during utility 
restructuring in the late 1990s The EmPOWER Maryland Energy Efficiency Act of 2008 directs the 
Maryland Public Service Commission (PSC) to require electric utilities in the state to provide energy 
efficiency services to its customers to achieve 10% of the 15% per-capita electricity use reduction 
goal by 2015 with targeted reductions of 5% by 2011 calculated against a 2007 baseline Order 
82344) The 15% goal is equivalent to approximately 11,206 GWh, or 17% of 2007 retail sales '' The 
Maryland Energy Administration (MEA) and other public and private stakeholders, including the 

Doininion IRP 71 

72 Progress. Docket E-2, sub 931, Duke: Docket E-7 sub 831 
73 John Wilson. SACE. Personal e-mail 3/10/11 
74 SACE Comrncnts on Duke and PEC IRP 
75 House Bill 43 1 
76 M y z n 2 K r g y  Administration 2010 _Mai\/land-Enerny Ouriook 
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Department of Housing and Community Development (which runs the weatherization program and 
Department of General Services (runs the public-sector Energy Savings Performance Contracting 
program) are responsible for achieving the remaining 5% of the overall 2015 electricity savings target 
Utility programs must also achieve a reduction in per capita peak demand of at least 5% by end of 
201 1, 10% by 2013, and 15% by 2015 

Regulatory Background 

In late 2008, Maryland's utilities filed energy efficiency and demand reduction plans to achieve the 
EmPOWER Maryland goals The "interim" energy efficiency savin$s goals set in the plans are not 
sufficient to meet the 201 1 or 2015 EmPOWER Maryland goals Maryland's two largest utilities, 
Baltimore Gas and Electric (BGE) and Potomac Electric Power Company (PEPCQ) set interim goals 
that fall 40% and 30% short of the EmPOWER Maryland goals for 2015 MEA plans t$save 73 GWh 
for programs in FYI  1, ramping up from the 64 Gy9h it saved between 2009 and 2010 As of the end 
of December 2010, MEA was achieving 97 GWh 

Figure 4: Projected Energy Efficiency Savings from Approved 2008 EmPOWER Maryland 
Plans 
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In its 2010 Energy Outlook report, the MEA projects that its programs combined with the approved 
PSC programs would reduce statewide energy consumption by approximately 4,866 GWh by 201 5, 
which is less than half the overall goal of 11,206 GWh Nonetheless, this projection would result in 
around 7% cumulative savings by 2015, or an average of about 1% annual savings, a significant 
achievement 

Energy Savings Achieved vs. Targefed 

The latest DSM reports submitted by Maryland's major lOUs show that while programs are ramping 
up savings, they have not met their interim goals and will meet neither the interim goals nor the 
EmPOWER Maryland goals in 201 1 The table below outlines the interim targets forecasted by 
utilities in their 2008 plans, reported savings, and how they compare to the 2011 EmPOWER 
Maryland Goal 

" Allegheny Power Case 9153, Baltimore Gas & Electric Case 9154, Potomac Electric Power Company (PEPCO) Case 
9155, Delmarva Power & Light Case 9156, Southern Maryland Electric Cooperative (SMECO) Case 9157 

"Walt Auburn, Maryland Energy Administration Personal Conversation May 17, 201 1 
IJ' Yearly numbers are taken from the Full Year tables of each Annual Report and the Program to Date numbers are taken from 
the 2010 Annual report The yearly summations for each utility wll not equal the respective program to date numbers due to 
reporting issues or corrections 

Maryland Energy Administration, E~POWERIPCI  Illatyland Clean Enerq\/ Proqrarns FY 201 I 78 
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Source Maryland Public Service Commission, Annual 2010 EmPOWER Maryland Overall Implementation & EM&V Progress 
Report, March 22,201 1 

Factors Affecting Performance 

A recent report from the Maryland Public Interest Research Group (PIRG) issued a detailed account 
of how Maryland is falling behind on its energy efficiency goals (Maryland PlRG 2011) The report 
places much of the blame on the PSC for failing to properly initiate and oversee the EmPOWER 
Maryland initiative The PSC delayed implementation of the EmPOWER Maryland programs, 
restricted the types of programs it allows utilities to pursue, namely through its cost-effectiveness test, 
and did not hold utilities accountable for electricity savings shortfalls. The report also notes that non- 
utility programs have been weakened because of decreased funding from sources intended for 
energy efficiency programs Maryland participates in the Regional Greenhouse Gas Initiative (RGGI), 
which has brought more than $148 million to the state's Strategic Energy Investment Fund since 
1998, nearly half of which was originally allocated far energy efficiency In 2010, the Governor and 
General Assembly cut this to 20 percent and diverted funds to assist utility customers pay bills A 
similar proposal is in place for 201 1 through FY 2014 

While the PlRG report rightly discusses the failure of the PSC, it should be noted that Maryland's 
utilities faltered in the planning and execution of energy efficiency programs The utilities lack staff 
with programmatic experience and failed to exhaust the full range of potential energy efficiency 
measures in their initial plans Additionally, while the scale of its effects is hotly debated, there is little 
doubt that the weakened economy played some role in the lower than expected customer 
participation rates 

Moving forward, the Maryland PSC commissioned EM&V reports for the completed program period, 
which should instruct utilities on how to improve upon programs As Maryland attempts to get on 
track, the lesson that can be drawn from the past four years is that while aggressive goals send clear 
signals the future robustness of energy efficiency programs, it must be met with sustained 
commitment and aligned processes from Commissions and utilities 
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Electric EERS 

Applicable Sector 

Natural Gas EERS 

Authority I 
Date Effective 

03% annual savings in 2009, ramping up to 1% in 2012 and 
thereafter 
Investor-owned utilities, co-operatives, municipals 
0 10% annual savings in 2009, ramping up to 0 75% in 2012 and 
thereafter 
Acl295 of 2008 
10/6/2008 

Legislative Background 

Michigan adopted an EERS in October 2008, when the Clean, Efficient, and Renewable Energy Act 
was signed into law, requiring all types of electric and natural gas utilities to provide "Energy 
Optimization (EO) Programs " Michigan's EERS requires electric utilities to achieve 0 3% savings in 
2009, 0 5% in 2010, 0 75% in 2011, and 1 0% in 2012 and each year thereafter Percentages are 
savings relative to the prior year's total retail electricity sales Natural gas utilities must achieve 0 1% 
savings in 2009, 0 25% in 2010; 0.5% in 2011, and 0.75% in 2012 and each year thereafter 
Percentages are of the prior year's total annual retail natural gas sales in decatherms or equivalent 
MCFs 

Table 20: Michigan Electric and Natural Gas Energy Efficiency Savings Targets 

Gas Savings 551,931 1,370,282 2,489,179 N/A 

Source Michigan PSC, Report on the implementation of P A 295 Utility Energy Optimization Programs, January 201 1 

Regulated investor-owned utilities are responsible for 88 9 percent of the statewide electric savings 
targets, municipal utilities represent 7 8 percent of savings, and electric cooperatives, 3 4 percent 
Most efficiency programs are administered by the utilities, although some have opted to fund a state- 
selected program administrator, Efficiency United, through an alternative compliance payment 
Although Efficiency United program services are not subject to the statutory savings targets, 
equivalent contractual targets were imposed by the Commission Large electric customers, as 
determined by their peak use, may administer their own programs 

(Mcf) 

The 66 utilities that did not opt to pay the alternative compliance payment must propose Energy 
Optimization (EO) Plans to the Michigan Public Service Commission (MPSC) There are limits to how 
much each utility many collect and spend on energy efficiency programs In 201 1 ,  that spending cap 
is 1 5% of total retail sales revenues for 2009 In 2012 and thereafter, the spending cap is 2.0% of the 
total retail sales revenues for the two years preceding. 
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Electric EERS 

Applicable Sector 
Natural Gas EERS 
Authority 1 

Energy Savings Achieved vs. Targeted 

Overall, Michigan EO program savings for electric and natural gas achieved 129 percent of the 
statewide target in 2009 lOUs achieved 130 percent of their savings target, while municipal utilities 
reached 107 percent of their savings targets and electric cooperatives met 17 percent of their target 
(MPSC 2011) The Commission recently approved EO plans from Detroit Edison and Consumers 
Energy in which both utilities plan to exceed electric and natural gas savings targets every year 
through 2015 

Energy Efficiency Resource Standard 5% reduction from 2005 
total retail electricity sales by 2014, and a 10% reduction by 2020 
Investor-owned electric utilities 
None 
N M Stat 862  17-1 elseq J 

Table 21 : Michigan Energy Efficiency Savings vs. Targeted Table 21 : Michigan Energy Efficiency Savings vs. Targeted 

factors Affecting Performance 

Funding Levels 

A major ramp-up in program funding has been critical to the success of EO programs thus far 
Aggregate statewide funding (electric and natural gas) for EO programs was $89 million in 2009 
Budgets for 2010 and 201 1 are $137 million and $191 million, respectively 

Collaboration among Stakeholders 

Michigan utilities benefited from a coordinated approach that included a statewide Energy 
Optimization Collaborative with the mandatory participation of all gas and electric providers The 
Collaborative, which also included energy efficiency experts, energy professionals, and other 
stakeholders, reviewed and improved Energy Optimization plans to maximize their effectiveness. 
Michigan's utilities quickly planned, designed and launched programs only months after the approval 
of their EO plans While the initial programmatic focus was on lighting and other "low-hanging fruit," 
the major utilities plan to broaden their focus and reach new customers in the commercial and 
industrial sectors in order to achieve deeper savings 

Decoupiing and Performance Incentives 

Complementary policies such as revenue decoupling and performance incentives have also improved 
the business model for utility investments in energy efficiency The Commission has approved 
revenue decoupling for Consumers Energy and Detroit Edison as well as for a number of gas utilities. 
The Commission also permits Detroit Edison to receive a performance incentive for exceeding their 
annual energy savings target Performance incentives cannot exceed 15% of the total cost of the 
energy efficiency programs (MPSC 201 1 ) 

DTE U-15806-EO Amended, MichCon U-16412 Amended December 2010 81 

45 



EERS A Progress Report on State Experience, 0 ACEEE 

2008 35,200 (includes DR)" 1,279" 855" 
2009 39,900* 13,964* 4,667" 

201 1 58,489 32,436 25,437 
2012 69,920 36,979 30,691 
2013 79,733 36,979 30,691 
201 4 77,605""" 36,979 30,691 
2014 Cumulative 41 1,000 (41 1,000) 187,689 (187,689) 116,025 (75,000) 
Savings (Goal) 

201 0 58,900" 28,908"" 9,474** 

~ 

Legislative and Regulatory Background 

In 2008, New Mexico adopted an amended version of the Efficient Use of Energy Act which (1) 
directs utilities to develop and implement cost-effective DSM programs, (2) defines "cost- 
effectiveness" in terms of the total resource cost test, (3) establishes cost recovery mechanisms for 
both electric and natural gas utilities, (4) directs the New Mexico Public Regulation Commission to 
establish rules for integrated resource planning, and (5) directs the Commission to remove financial 
disincentives for utilities to reduce customer energy use through DSM programs On February 27, 
2008, Governor Bill Richardson signed House Bill 305 into law, amending the Efficient Use of Energy 
Act to establish energy efficiency targets for the state. Investor-owned utilities are now required to 
achieve a 5% reduction from 2005 total retail electricity sales by 2014, and a 10% reduction by 2020. 
A utility that determines it cannot achieve the energy saving requirements shall report to the 
Commission, explain the shortfall, and propose alternative requirements based on acquiring all cost- 
effective and achievable energy efficiency and load management resources If the commission 
determines that the requirements exceed the achievable amount of energy efficiency and load 
management available, it may establish lower requirements for the utility. 

Distribution cooperative utilities, which are not fully regulated by the PRC, must annually consider 
self-imposed electricity reduction targets and design demand side management programs to enable 
them to meet those targets Each cooperative utility must submit a report to the PRC annually 
describing their demand side management efforts from the previous year (DSIRE) 

Energy Savings Achieved vs. Targeted 

PNM. Far 2008, see &cItei No. 'IO-OOOi&UT, 2009 and 2010 savings figures from Energy Efficiency Annual Reports, For 
2010-2013 Plan, See PNM 2010 DSIJ Plan (Docltet '10-00280-UT) 

SPS: 2DiO/I I Enerav Efficieficv and Load,,Manaaernent Plan (Docket 09-00352-UT) 
El Paso Electric. Enerav Efficiency and Load blanayenient Plan for 201 1 (Docket.lO-00047-UT1 

46 



EERS A Progress Report on State Experience, 0 ACEEE 

Electric EERS 

Applicable Sector 

Natural Gas EERS 
Authority 1 
Date Enacted 
Date Effective 
Authority 2 
Date Enacted 
Date Effective 

Factors Affecting Performance 

15% Cumulative savings by 2015 
Investor-owned utility, natural gas utilities with 14,000 or more 
customers 
-14.7% by 2020 
NY PSC Order, Case 07-ivI-0548 
06/23/2008 
06/23/2008 
NY PSC Order. - -.-.-.l_.l-.- Case 07-11/1-0748 
0511 912009 
031  9/2009 

Decoupling and Performance Incentives 

The New Mexico PRC adopted rules concerning disincentive removal and performance-based 
incentives in May 2010 The rules specify amounts the utilities are allowed to collect per kWh and 
peak KW of verified savings, in addition to program cost recovery However, the amounts specified in 
the rules are in the process of being modified utility-by-utility in DSM program plan review dockets 
subsequent to issuance of the rules The provision of these disincentivelincentive adders is expected 
to motivate the utilities to increase DSM budgets and energy savings targets 

New York 

Legislative and Regulatory Background 

On June 23, 2008, the New York Public Service Commission (NYPSC) issued a decision creating the 
New York Energy Efficiency Portfolio Standard (EEPS), which aimed to reduce electricity usage by 
15% of forecast levels by 2015 NYPSC also approved natural gas efficiency targets in May 2009 
The targets aim to save 4 34 Bcf annually through the end of 201 7 and 3 45 Bcf annually beyond 
201 1 The downward revision of the target reflects a likely change in program balance following the 
exhaustion of federal stimulus funding Combined with reductions from other sources, this target will 
result in a 14 7% reduction in estimated gas usage by 2020 New York's EEPS is delivered alongside 
a broad spectrum of research and development, business development, and market development 
programs 

New York has an array of program administrators that advance energy efficiency The New York 
State Energy Research and Development Authority (NYSERDA) is the largest energy efficiency 
program administrator, followed by two additional major energy efficiency institutions The New York 
Power Authority (NYPA), the largest state public power organization in the U.S , and the Long Island 
Power Authority (LIPA), which is structured as a non-profit municipal electricity provider and does not 
own any generation plants on Long Island New York's investor-owned utilities also administer energy 
efficiency programs, the largest being Consolidated Edison in New York City and National Grid 
upstate, through its operating company, the Niagara Mohawk Power Corporation All of these 
program administrators contribute to New Yorks 15x15 goal, as well as savings derived from other 
state agencies, codes and standards, and improvements to transmission and distribution LIPA and 
NYPA, however, are not bound to the EEPS targets by regulation since they are not under the 
jurisdiction of the NYPSC Thus while total electricity sales under the 15% by 2015 standard would 
require savings of roughly 29.4 million MWh annually in 2015, the NYPSC has approved program 
targets that leave roughly 7 7 million MWh to be achieved by programs outside its jurisdiction 
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Figure 5: Achieving New York's "15 by 15" Goal - 
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As of December 31, 2010, the NYPSC approved 99 energy efficiency progiams (48 electric and 51 
gas) Energy savings targets are set annually for each program administrator based on its share of 
the 15x15 goal The savings targets through December 31, 2010 amount to 1,846,025 Net MWh 
(about IYo annual savings) and 2,855,811 Dekatherms NYSERDA is responsible for 62% of 
electricity savings and 56% of natural gas savings with lOUs responsible for the rest The approved 
programs represent a total funding commitment of $1 1 billion, mostly through the end of 2011 

Energy Savings Achieved vs. Targeted 

NYSERDA and the investor-owned utilities are performing below the near-term EEPS goals, but 
trends indicate the state is on track to meet its long-term targets NYSERDA and the lOUs combined 
to meet 46 8% of their savings goal through 2010 but spent only 35 9% of what was budgeted for 
programs Natural gas programs fared somewhat better, achieving 50 9% of the near-term energy 
savings goal and spending only 40 9% of the total budget through 2010 
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Table 23: Natural Gas and Electric Savings and Spending as Percent of Targets through 

NEW YORK STATE I 50.9% I 40.9% 
Source NYPSL EEEPS Program Implementation Status Through the 4"' Quarter of 2010, March 201 1 

I 

Factors Affecting Performance 

Numerous barriers contributed to the slow start The program approval period took longer than 
expected as Commission staff carefully examined the operating plans of the utilities, which had not 
been in the business of delivering efficiency programs for years Once implemented, the recession 
negatively impacted program participation Program administrators also identified market confusion 
as a concern Since NYSERDA had been the sole supplier of energy efficiency for so long, customer 
awareness of the IOU programs is low When they are aware, having two options makes their 
decisions more complicated It is competitive, however, customers in general are not complaining 
because multiple financial incentive options allow them to choose those that best meet their needs 

New York has the funding, expertise and efficiency potential to meet their energy efficiency portfolio 
standard goals, and although there have been challenges since the adoption of the EEPS Order in 
2008, there have been many initial successes The programs in place are achieving higher levels of 
savings than expected, evidenced by the fact that savings levels are greater than spending levels in 
terms of percentage of expected values Due to the scale and complexity of utility energy efficiency 
institutions and programs, one common element linking successful efforts to ramp-up savings is 
collaboration-especially collaboration across institutions that enables integration, coordination, and 
standardization Stakeholders in New York recognize the need to build on these past successes 
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Electric EERS 

Applicable Sector 
Natural Gas EERS 
Authority I 
Date Enacted 

Authority 2 

Program Administrators state that the outlook for New York to achieve 15 by 2015 EEPS energy 
savings goals is good The program plans submitted by electric program administrators supports this 
claim Statewide, electric lOUs and NYSERDA forecast electric savings to meet 94% of the 2011 
goal Natural gas program administrators expect to achieve 75% of the statewide 201 1 target 

22% by 2025 (0 3% annual savings in 2009, ramping up to 1% in 
2014 and 2% in 2019) 
I nvestor-owned utilities 
None 
ORC 4928 66 et seq 
1/1/2009 
s B. 221 

2009 2010 2011 2012 

0.30% 0 50% 0 70% 0 80% 

Legislative Background 

2013 2014 2015 2016 2017 2018 2019 2020-25 

0 90% 1 00% 1.00% 1 00% 1.00% 100% 2.00% 2 00% 

Senate Bill 221, signed into law May 1, 2008, included both an Energy Efficiency Portfolio Standard 
(EEPS), and Alternative Energy Portfolio Standard (RPS), among other provisions For efficiency, it 
requires a gradual ramp up to a cumulative 22 percent reduction in electricity use by 2025 Beginning 
in 2009, the Act requires electric distribution utilities to implement energy efficiency programs that 
achieve energy savings equal to at least three-tenths of one per cent of sales The baseline for which 
energy savings is calculated against is the average number of total kilowatt hours sold by electric 
distribution utilities during the preceding three years The standard ramps up as shown in the table 
below 

Failure to comply with energy efficiency savings requirements results in forfeiture on the utility The 
amount is either that prescribed by the legislature or the existing market value of one renewable 
energy credit per MWh of undercompliance or noncompliance. Any revenue from forfeiture is credited 
to the Advanced Energy Fund The commission may amend the benchmarks if, after application by 
the electric distribution utility, the commission determines that the utility cannot reasonably achieve 
the benchmarks due to regulatory, economic, or technological reasons beyond its reasonable control 
Utilities must annually submit energy efficiency status reports and according to Ohio Administrative 
Code Section 4901 1-39-06(B), Commission Staff is required to review the reports and file its finding 
and recommendations regarding program implementation and compliance with applicable 
ben c hm arks 

The EEPS applies to Ohio's investor-owned utilities and retail suppliers Ohio's largest electric utility 
is FirstEnergy, with "18 million customers in Ohio served by three operating companies Ohio Edison, 
Toledo Edison, and the Cleveland Electric Illuminating Company. Second is American Electric Power 
of Ohio (AEP), with 1.5 million customers served by two operating companies. the Columbus 
Southern Power Company and the Ohio Power Company Duke Energy Ohio and Dayton Power & 
Light Company (DP&L) both have over a half-million customers These investor-owned utilities sell 
almost 90% of all retail electricity in the state. 
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Energy Savings Achieved vs. Targeted 

According to self-reported data, AEP, Duke Energy, and DP&L exceeded their requirements in 2009 
and 2010, while FirstEnergy fell far short in 2009 and will report on its 2010 savings in May 201 1 
Program portfolios for AEP, DP&L, and Duke Energy as a whole were cost-effective in 2010 as 
determined by the Total Resource Cost test These utilities' programs in 2009 and 2010 will save 
customers a net $351 million in utility costs over the program measures' lifetime 83 

Unable to ramp up programs quickly, FirstEnergy received a waiver from the PUCO allowing it to 
meet the remainder of its 2009 requirements in future years 84 Most recently, the PUCO waived 
annual requirements for FirstEnergy for 2009, 2010, 201 1, a n i  2012 Instead, First Energy will be 
required to meet a cumulative benchmark by the end of 2012 PUCO ruled that the Portfolio Plan, 
as filed by FirstEnergy, was not designed to meet the benchmarks in 2010, which PUCO addressed 
by allowing FirstEnergy to still comply by meeting a cumulative 2012 target (2 3%). FirstEnergy has 
applied for a rehearing regarding whether the plan was designed to achieve 2010 benchmarks, the 
results of which are pending at the Commission 

Each utility has submitted plans to achieve their requirements through at least 2011, detailing 
program portfolios, budgets, and expected savings. Utilities also submit long-term plans forecasting 
their ability to meet targets in 2025. Except for Duke Energy, each utility projected savings levels in 
line with future requirements (Woodrum et al 2010) In its long term forecast report, Duke Energy 
projected that it would not be able to cost-effectively achieve the long-term 22% requirement, 
forecasting that it could only meet 14 to 15 percent '" After a series of negotiations with stakeholders, 
however, Duke Energy agreed to a settlement agreement in which it agrees that "it is reasonable for 
Duke to assume that sufficient, cost-effective energy savings opportunities exist to allow the 
Company to meet the energy efficiency and demand reduction benchmarks stated in R C 4928.66 
over the 10-year forecast period '' It also states that CHP is a potentially cost-effective option for 
assisting Duke to meet its resource requirements. 

Factors Affecting Performance 

A number of factors drove the success of Ohio's other three utilities' meeting their goals in 2009 and 
2010 Duke had programs approved prior to S B  221, allowing it to meet the requirements with 
programs already underway AEP and DP&L began their energy efficiency efforts as a result of SB 
221 and began with a portfolio of tried-and-true programs Complementary policies allowing these 

PUCO staff have yet to file their required report and findings on the energy efficiency status reports of any 

Calculation bv Dvlan Sullivan. Natural Resources Defense Council Based on utility presentations and evaluation 
required 
83 

I utilities, as 

reports 

Savings calculated on a pro-rated basis 2009 Docket Nc 
Savinas calculated on a pro-rated basis Docltet No IO-0303-EL- 87 

Duke Long Term Forecast Repot 2010 90 
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Electric EERS 
Applicable Sector 
Natural Gas EERS 
Authority 1 
Date Enacted 
Date Effective 
Authority 2 
Date Enacted 

three utilities to recover program costs and in AEP and Duke's case, earn performance incentives on 
well-performing programs have also helped drive energy savings 

3% cumulative savings by 2013 
Investor-owned electric distribution companies 
None 
66 Pa C.S. 6 2806. I 
10/15/2008 
11/14/2008 
1 1 1 1 1 . - - . ~ 1 1 1  PUC Order Docket No. M-2005-206_888~. 
1/15/2009 

Funding Levels 

In order to achieve sustained levels of savings required in Ohio's EEPS, utilities are ramping up 
budgets to develop the necessary program delivery infrastructure Ohio's electric utilities increased 
their collective budgets for energy efficiency programs from approximately $20 million per year 
between 2006 and 2008 to $152 8 million in 2010, according to the Consortium for Energy Efficiency 

Meeting Future Goals 

Utilities are now initiating the three year efficiency portfolio and program planning cycle for 2012-14. 
As utilities in Ohio shape plans to meet Ohio's aggressive requirements, they may look to a report by 
ACEEE, together with Summit Blue Consulting, "Shaping Ohio's Energy Future" Energy Efficiency 
Works," which recommends five innovative programs to complement other proven utility programs 
advanced residential and commercial buildings initiatives, manufacturing and rural and agriculture 
initiatives, and combined heat and power programs Together, the innovative initiatives recommended 
would achieve about half of the 22% savings required under the EEPS by 2025. 

According to AEP, most of the programs they put into place over the next three year cycle will be 
similar to current programs In the longer term beyond the next 3 to 5 years, they will assess industrial 
long-range planning, continuous improvement, and integrating energy efficiency with industrial 
process improvement to achieve deeper levels of energy savings For Duke Energy Ohio, much of 
their efficiency program outlook depends on changes to codes and standards, and how utilities may 
or may not get credit for part of the savings due to them The utility claims that this issue heavily 
influences the types of programs they offer, especially when planning 7 or 8 years into the future 
Ohio utilities are informally discussing how to design a building codes enhancement and compliance 
support program The next phase of portfolio plans will likely include a building codes enhancement 
program '' 
EERS under Fire 

On March 23, 201 1, First Energy and DP&L both submitted testimony to the State Senate Energy and 
Public Utilities Committee requesting the legislature to revisit Ohio's EERS The utilities expressed 
frustration with the lack of clarity of whether savings should be calculated as annualized or pro-rated, 
and recommended the targets be halved Although the original S.B 221 was unclear on the proper 
savings methodology, the Commission rejected the use of annualized savings on multiple 
occasions '* 

Personal conversation, Daniel Sawmiller, Ohio Consumers Counsel May 5, 201 1 91 

92 08-888-EL-ORD, Entry on Rehearing (June 17,2009) at 9 
93 While PA PUC has reviewed this document, it does not endorse its findings 
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Penelec 8 9% 45 4% 
Penn Power 11 7% 46 0% 
PECO 40 0% 113 0% 
PPL 22 0% 62.0% 
STATEWIDE* 19% 58% 

Legislative and Regulatory Background 

15 IYo 
15 3% 
38 0% 
21 0% 
19.3% 

In October 2008 Pennsylvania adopted Act 129, establishing an energy efficiency resource sgndard 
in Pennsylvania Each electric distribution company (EDC) with at least 100,000 customers must 
reduce energy consumption by a minimum 1% by May 31, 201 1, increasing to 3% by May 31, 2013, 
measured against projected electricity consumption for the period from June 2009 to May 2010 Peak 
demand must be reduced by 4 5 %  by May 31, 2013 Ten percent of both consumption and peak 
demand reductions are to come from federal, state, and local government, including municipalities, 
school districts, institutions of higher education and nonprofit entities Another ten percent must come 
from the low-income sector. The Pennsylvania Public Utility Commission (PUC) approved Energy 
Efficiency and Conservation (EEBC) plans for each EDC, which detailed program portfolios and 
savings targets tailored to each EDC The PUC may also set targets for the period beyond 2013. 
Failure to achieve the reductions required (load andlor peak demand) subjects EDCs to a civil penalty 
of not less than $1 M and not to exceed $20M 

Under the new legislation, the EDCs' EE&C plans propose a cost-recovery tariff mechanism to fund 
the EE&C measures and to ensure recovery of reasonable costs The EDCs can also recover the 
costs through a reconcilable adjustment mechanism The total cost associated with an EDC's energy 
efficiency and peak demand reduction plan may not exceed 2% of the EDC's total annual revenue as 
of December 31, 2006 

Energy Savings Achieved vs. Targefed 

Pennsylvania EDCs officially began implementing programs counting towards their EERS on June 1, 
2009. The 2nd quarter report of Program Year (PY) 2 indicates all of Pennsylvania's utilities are 
achieving significant savings levels 95 Through November 2010, utilities had achieved ;iproximately 
58% of the 2011 goal, roughly on track to meet the 1% savings goal by June 2011 Results for 
Program Year 2 have been promising given that in Program Year I utilities only achieved -20% of the 
goal In the cases of Allegheny, Met-Ed, and Penelec, savings in the 1" quarter of Program Year 2 
exceeded all of those of PY 1 Twenty-seven programs began in the lst quarter of PY 2, compared to 
38 initiated in all of PY 1. The presence of a Statewide Evaluator (SWE) has been an extremely 
positive development for the state's utilities The SWE provides timely reports that allow utilities to 
gauge performance and verify savings 

sol A i  Two 

Standards apply to the following utilities PECO Energy, PPL Electric Utilities, West Penn Power (Allegheny), Pennsylvania 
Power Company (PennPower) Pennsylvania Electric (Penelec), Metropolitan Edison (Met-Ed), and Duquesne Light 

Pennsylvania has a Statewide Evaluator, which reports on implementation status quarterly As of the drafting of this report, 
the latest confirmed savings data comes from Program Year 2 (2010-201 1) 2nd Quarter Report 
96 Through six of the eight quarters given for utilities to meet the 1% goal in 201 1, the theoretical "on-track savings figure 
would be 75% 

94 

95 
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Energy Efficiency 
EERS 
Applicable Sector 

Natural Gas EERS 

Authority I 
Authority 2 
Date Enacted 
Date Effective 

_____--- 

Varies by utility from 1 1 5% annually by 2013 

Investor-owned utilities, Municipal utilities, Co-operatives 
Annual goals by 2013 vary by utility 0 74% (Muni's), 0 85% (MidAmerican), 
0 94% (Black Hills) 1 2% (IPL) 
Iowa Code g47G 
Senale Bill 2386 
5/06/2008 
5/06/2008 

~- 

Legislative and Regulatory Background 

Iowa's utilities administer energy efficiency programs under a regulated structure with oversight by the 
Iowa Utilities Board (IUB) and significant input from the Office of Consumer Advocate and other 
energy efficiency stakeholders Iowa Code 476 6 16 mandates that investor-owned utilities offer 
energy efficiency programs through cost-effective energy efficiency plans. The utilities recover 
program costs of the plans approved by the IUB through adding tariff riders to customer bills Most 
publicly owned utilities in Iowa (municipal utilities), as well as rural electric cooperatives, provide 
energy efficiency programs, ensuring nearly statewide coverage Iowa's utilities have long records of 
funding and providing comprehensive portfolios of energy efficiency programs to all major customer 
categories - residential, commercial, industrial and agricultural. Aside from a decrease in funding in 
the late 1990s as the state considered restructuring proposals, Iowa has long been a nationwide 
leader delivering utility energy efficiency programs 

Senate Bill 2386 amended Iowa Code 476.6, among other provisions, requires the IUB to develop 
energy savings performance standards for each utility Each utility must file plans to meet specific 
energy efficiency goals In compliance with this bill, the Iowa Utilities Board (IUB) issued an order 
asking investor-owned utilities ( laus) to submit plans including a scenario to achieve a 1 5% annual 
electricity and natural gas savings goal " Iowa's two investor-owned electric utilities, Interstate Power 
and Light Company (IPL) and MidAmerican Energy Company, complied with this request by filing 
Energy Efficiency Plans for 2009-2013 that outline how the utilities could meet the 1 5% electric 
target g8 Both utilities determined the 1 5% natural gas target would be unattainable While 
MidAmerican plans to meet the 1 5% electric goal, the IUB declined to approve a slightly lower 
electric goal for IPL due to potential rate impacts on IPL customers. Both IPL and MidAmerican's 
goals represent levels of electric savings around twice the levels achieved in 2008 Municipal and 
cooperative utilities also are required to implement energy efficiency programs, set energy savings 
goals, create plans to achieve those goals, and report to the IUB on progress '' Municipal and co- 
operative utilities filed goals on December 31, 2009 

Iowa's natural gas utilities also set annual energy efficiency savings targets for the period between 
2009 and 2013 Annual goals vary-municipal utilities plan to save 0 74% by 2013, MidAmerican 
0 85%, Black Hills Energy 0 94%, and IPL 1 2% 

Energy Savings Achieved vs. Targeted 

As noted in the table below, both of Iowa's electric lOUs exceeded 2009 savings targets cost- 
effectively Both MidAmerican and IPL reached customers in all sectors, using both traditional and 
innovative program designs to advance energy efficiency IPL, in particular, received numerous 
accolades recognizing its excellence in marketing and education 

'' Docket No 195 IAC 35 4 EEP-02-38 EEP-03-1 EEP 03-41, January 14, 2008 
98 - ~ - _ _ - -  
08- 1 

MidAmerican Energy Company Docket No Docket No EEP-08-2 Interstate Power and Light Company Docitei No EEP- 
____ 
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Ut i lit ies* 
Electric 
Cooperatives** 

NA NA 11% NA 1 2 %  NA 

Factors Affecting Performance 

Uncertainty looms in the years ahead, however, as a result of the recession MidAmerican noted in its 
Annual Report for Program Year 2009 that the weakened economy dampened demand for some 
programs, especially residential and low-income, while the promise of reduced costs drove demand 
for other programs or parts of programs Because of the unknown impact of the economy on energy 
efficiency, MidAmerican will place emphasis in the near future on low cost efficiency and efficiency 
that can be achieved through behavior change 

Funding Levels 

In order to achieve levels of savings unattained in previous years, Iowa's utilities are increasing cost- 
effective spending on electric energy efficiency programs to meet their goals IPL and MidAmerican 
plan to increase direct spending on programs from 2009 to 2013 by 30% ($60 to $78 million for IPL) 
and 37 5% ($40 to $55 million for MidAmerican), respectively Municipal utilities will increase 
spending by 32 percent from 2010 to 2012 and electric cooperatives will increase spending by 12 
percent from 2010 to 2014 

Collaboration among Stakeholders 

As they ramp up savings, Iowa recognizes the importance of coordination among the numerous 
utilities in the state. To achieve this objective, the state's IOUs, municipal, and co-operative utilities 
participate in the Statewide Energy Efficiency Collaborative, sponsored by the OCA The 
Collaborative helps utilities identify and advance, where appropriate, areas of coordinated energy 
efficiency processes The Collaborative also includes other energy efficiency stakeholders to share 
best practices and investigate opportunities for deeper savings and new programs 

Massachusetts 
Summary 

State law requires the electric distribution utilities to procure all 
cost-effective efficiency resources through a 3-year Efficiency 
Procurement Plan and requires full funding of the Plan. After the 
required review and input by a key stakeholder efficiency council 
(which included a unanimous 11-0 vote), the Commission 
approved and fully funded the 201 0-2012 Efficiency Procurement 
Plan in January of 2010 which includes electric utility savings 
targets of 1.4% in 2010, 2.0% in 201 1, 2.4% in 2012 

Electric EERS 
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Applicable Sector 

Natural Gas EERS 

Authority 1 

Statutory Authority 

Utility, Investor-owned utilities, Cape Light Compact 
State law requires the natural gas distribution utilities to procure 
all cost-effective efficiency resources through a 3-year Efficiency 
Procurement Plan and requires full funding of the Plan After the 
required review and input by a key stakeholder efficiency council 
(which included a unanimous 11-0 vote), the Commission 
approved and fully funded the 201 0-2012 Efficiency Procurement 
Plan in January of 2010 which includes natural gas utility savings 
targets of 0.63% in 2010, 0.83% in 201 1, 1.15% in 2012 
D.P.U. Order on Electric Three-Year €nerciy- Efficiency- Plans, 
%+IO-2012 (D.P.U. 09-1 16 through D.P.U 09-'120). 
Mass Gen Laws c. 25 $i 21 

Legislative and Regulatory Background 

Massachusetts is a leading state for utility energy efficiency programs with a successful 
implementation record spanning over 30 years and across all customer sectors The Green 
Communities Act of 2008 ushered in a new era for greatly expanded efficiency programs by 
establishing an "efficiency procurement" approach to EERS policies. That is, the Green Communities 
Act requires electric and natural gas distribution utilities to invest in all cost-effective energy efficiency 
that is cheaper than supply resources Starting in the fall of 2009, and triennially thereafter, the 
distribution utilities are now required to propose a joint, comprehensive, fully funded state-wide 3-year 
efficiency plan (for 2010-2012) to satisfy the all cost-effective efficiency procurement requirement for 
input and review by a new diverse stakeholder efficiency council This new Massachusetts Energy 
Efficiency Advisory Council (EEAC) plays a central role in planning and overseeing the utilities' 
program administration The EEAC is an 1 1 member stakeholder body, representing commercial, 
industrial, residential, low income, labor, and environmental interests, chaired by Massachusetts 
Department of Energy Resources (DOER), which works collaboratively with the utilities to develop 
state-wide coordinated energy efficiency plans After EEAC review and approval, plans are submitted 
to the Department of Public Utilities (DPU) for analysis and cost-effectiveness testing. The EEAC and 
DOER help to keep programs on track to meet their energy savings goals Plans are updated 
annually and may be modified mid-term. There are five electric energy efficiency program 
administrators and seven gas program administrators, whose work is overseen by the EEAC and 
approved by the DPU 

The Green Communities Act requires that electric and gas utilities procure all cost-effective energy 
efficiency before more expense supply resources, requiring a three year planning cycle. On January 
28th, 2010 the DPU approved the first 3-year (2010-2012) electric and gas energy efficiency plans 
under the Green Communities Act, paving the way for the realization of the goals and efficiency 
procurement requirement established in the Act The electric efficiency procurement plan is fully 
funded and ramps up savings each year, from a starting point of 1.0% in 2009, to 1.4% in 2010, 
2.0% in 201 1, and then to 2.4% of retail electricity sales in 2012 2 4% is equivalent to a first year 
savings of 1,103 GWh in 2012. The energy efficiency investments in 2010-2102 will save 2,625 
gigawatt-hours (GWh) of electricity in 2012 (the cumulative annual impact in 2012) The statewide 
totals are comprised entirely of the individual program administrator savings lo" 

Massachusetts's efficiency procurement approach to their EERS has resulted in one of the most, if 
not the most ambitious fully funded savings targets of any state With annual electricity savings of 2 4 
percent per year going forward from 2012, the Massachusetts programs would achieve cumulative 
annual energy savings equivalent to 30 percent of retail electricity sales in 2020 Customers will use 
23 4% less electricity in 2020 than they were forecasted to use (based on the April 2009 revised ISO- 
NE CELT forecast) Retail energy use in 2020 will be 12 5% less than what customers used in 2009, 

'OD - D.P.U. Order~n~lectiic Three-Year Energy Efficiency Plans, 2010-2012 (D.P.U. 09- 116 inrawh D.P.U 09-'120) 
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thereby reducmg customer energy use over the next 11 years (In visual terms, this will bend the 
curve of projected demand down ) 

The natural gas plan will save 24 7 million therms in 2012, equivalent to 1 15 percent of retail natural 
gas sales in 2012 The fully funded energy efficiency investments in 2010-2102 will save over 57 3 
million therms of natural gas in 2012 (the cumulative annual impact in 2012) The lifetime energy 
savings for the gas three-year plan will be almost 897 million therms lo' Overall, the fully funded 
2010-2012 electric and natural gas efficiency procurement plans will yield net consumer savings of 
more than $3 9 billion, reduce statewide carbon dioxide emissions by nearly 15 million short tons, and 
create more than 3,800 local jobs (ENE 2010) '02 

Energy Savings Achieved vs. Targeted 

According to the fourth quarter report from the Massachusetts Program Administrators in 2010, the 
state is on track to meet its 2010 electric and natural gas requirements. The preliminary data shows 
PAS meeting 98% of their MWh goals, 103% of their Therms goals, and spending less than the 
allotted budget on electric and natural gas programs IO3 

-2012 Tab1 e 

I 2010-2012 I 5.8% I 2,625,083 
Note Data is preliminary and subject to revision and check 

Source Quarterly Report of the Program Administrators, Fourth Quarter, 2010 February 3, 201 1 

Table 29: Massachusetts Natural Gas Savings Targets and Savings Achieved, 
201 0-201 2 

Note Data is preliminary and subject to revision and check 
Source Quarterly Report of the Program Administrators, Fourth Quarter, 2010 February 3, 201 1 

Factors Affecfing Performance 

Funding Levels 

A major input required to make steep increases in energy savings attainable and sustainable will be 
unprecedented funding increases According to the State of Massachusetts Department of Energy 
Resources (DOER), electric utilities budgeted $183.8 million for 2009 electric energy efficiency 
programs from ratepayer-funded sources, a 46 percent increase over 2008 spending Required by 
the Green Communities Act, full funding for the procurement all cost-effective efficiency resources 
was proposed as part of the utilities' 3-year plans, reviewed and endorsed by the EEAC, and then 

"' G.P.U. Order on G3s Three-Year Enel-av Efficiency Plans. 2010-20'12 (D.P.U. 09-12? ihroiiah G.P.U. 09-128 
lo* ENE (Environment Northeast) Spring 2010 Efficienc,y Ramps up in Massachusetts Boston. ENE (Environment Northeast) 
lo3  A report with verified savings will be issued in mid- to late-201 1 
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approved by the DPU Sources of funding include the System Benefits Charge on customer bills, an 
adjusting charge approved by DPU, revenues from the IS0 New England (ISONE) Forward Capacity 
Market, and proceeds from the Regional Greenhouse Gas Initiate (RGGI) The Green Communities 
Act dedicates 80% of RGGI funds to energy efficiency 

Decoupling and Performance Incentives 

Massachusetts is currently implementing decoupling for all of its gas and electric utilities each utility 
must now include a decoupling proposal as a component of its next rate case to fully remove the 
disincentive to larger consumer efficiency programs.'o4 To date, the state has five fully decoupled 
local distribution companies-National Grid Electric, Western Massachusetts Electric Company, Bay 
State Gas, National Grid Gas, and New England Gas A shareholder incentive currently provides an 
opportunity for companies to earn about 5% of program costs as an incentive for meeting program 
goals The incentive is based on a combination of elements including energy savings, net benefits to 
customers, and market transformation results 

Meeting Future Goals 

The utility program administrators are implementing the strategic principle of accessing deeper 
savings first with statewide coordination and the active involvement of the EEAC Deeper savings 
begin with planning for increased budgets for rebates and other financial incentives combined with 
increased one-on-one customer contact Key to ongoing success in Massachusetts will be the 
continued leadership and long-term perspective from PAS, the EEAC and the state regulators, 
transparency and stakeholder participation, and continuous improvement and innovation in program 
offerings to improve the customer experience A full discussion of Massachusetts's experience and 
programmatic successes can be found in Nowak et al (201 1) 

'04 DPU Docket 07-50-A (July 2008) 
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Although the supply-side screening curves showed that some of these resources would be 
screened out, they were included in the next step of the quantitative analysis for 
completeness. 

Energy Efficiency and Demand-Side Management 
EE and DSM programs continue to be an important part of Duke Energy Carolinas’ 
system mix. The Company considered both demand response and conservation programs 
in the analysis. 

The Company modeled the costs and impacts from EE and DSM programs based on the 
data included in Duke Energy Carolinas’ approved Energy Efficiency Plan settlement in 
NCUC Docket No. E-7, Sub 831. For the analysis, Duke Energy Carolinas assumed 
these costs and impacts would continue through the duration of the planning period. 

The forecasted energy efficiency savings through 2012 are consistent with Duke Energy 
Carolinas’ North Carolina Energy Efficiency Plan for 2009 through 2012. The Company 
assumes for purposes of the TRP that total efficiency savings will continue to grow on an 
annual basis through 203 1, however the components of future programs are uncertain at 
this time and will be informed by the experience gained under the current plan. 

Develop Theoretical Portfolio Con@gurations 

The Company conducted a screening analysis using a simulation model to identify the 
most attractive capacity options under the expected load profile as well as under a range 
of risk cases. This analysis began with a set of basic inputs which were varied to test the 
system under different future conditions, such as changes in fuel prices, load levels, and 
construction costs. These analyses yielded many different theoretical configurations of 
resources required to meet an annual 17 percent target planning reserve margin while 
minimizing the long-run revenue requirements to customers, with differing operating 
(production) and capital costs. 

The set of basic inputs included: 

0 

e 

Fuel costs and availability for coal, gas, and nuclear generation; 
Development, operation, and maintenance costs of both new and existing 
generation; 

0 Compliance with current and potential environmental regulations; 
Q Cost of capital; 
e System operational needs for load ramping, spinning reserve (10 to 15-minute 

start-up) 
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The projected load and generation resource need; and 
A menu of new resource options with corresponding costs and timing parameters. 0 

Duke Energy Carolinas reviewed a number of variations to the theoretical portfolios to 
aid in the development of the portfolio options discussed in the following section. 

Develop Various Portfolio Options 

Using the insights gleaned from developing theoretical portfolios, Duke Energy Carolinas 
created a representative range of generation plans reflecting plant designs, lead times and 
environmental emissions limits. Recognizing that different generation plans expose 
customers to different sources and levels of risk, the Company developed a variety of 
portfolios to assess the impact of various risk factors on the costs to serve customers. 
The portfolios analyzed for the development of this IRP were chosen in order to focus on 
the optimal timing of CT, CC, and nuclear additions in the 20 16 - 203 1 timeframe. 

The information as shown on the following pages outlines the planning options that the 
Company considered in the portfolio analysis phase. Each portfolio contains demand 
response and conservation identified in the base EE and DSM case and renewable 
portfolio standard requirements modeled after the NC REPS in NC and applied to SC. In 
addition, each portfolio contains the addition of Cliffside Unit 6 in 2012, Buck CC in 
2012 and Dan River CC in 2013 and the unit retirements shown in Table 5 D. 

The RPS assumptions are based on NC REPS in North Carolina. The assumptions for 
planning purposes are as follows: 

Overall RequirementdTiming 
0 

0 

0 

0 

3% of 201 1 load by 2012 
6% of 2014 load by 2015 
10% of 2017 load by 2018 
12.5% of 2020 load by 2021 

Additional Requirements 

0 

0 

0 Solar requirement 

Up to 25% from EE through 2020 
Up to 40% from EE starting in 2021 
TJp to 25% of the requirements can be met with out-of-state, unbundled RECs 

o 0.02% by 2010 
o 0.07% by 2012 
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o 0.14% by 2015 
o 0.20% by 20 18 

e Hog waste requirement (NC only - using Duke Energy Carolinas’ share of 
total North Carolina load which is approximately 42%) 

o 0.07% by 2012 
o 0.14% by 2015 
o 0.20% by 201 8 

e Poultry waste requirement (NC only - using Duke Energy Carolinas’ share of 
total North Carolina load which is approximately 42%) 

o 7 1,400 MWh by 20 12 
o 294,000 MWh by 2013 
o 378,000 MWh by 2014 

The overall requirements were applied to all retail load and to wholesale customers who 
have contracted with Duke Energy Carolinas to meet their REPS requirement. The 
requirement that a certain percentage must come from Hog and Poultry waste was not 
applied to the South Carolina portion. 

Conduct Portfolio Analysis 

Duke Energy Carolinas tested the portfolio options under the nominal set of inputs, as 
well as a variety of risk sensitivities and scenarios, in order to understand the strengths 
and weaknesses of various resource configurations and evaluate the long-term costs to 
customers under various potential outcomes. 

For this IRP analysis, the Company selected six main scenarios to illustrate the impacts 
of key risks and decisions. Three of these scenarios fall into the Reference COz Case and 
three fall into the Clean Energy Legislation Case. 

0 Reference Case: Cap and trade program with COz prices based on Duke Energy’s 
201 1 fiindamental prices. 
Clean Energy Legislation: In addition to evaluating potential COz cap and trade 
options, the impact of proposed Clean Energy legislation without a price on COz 
emissions was also evaluated. Assumptions used in this analysis include: 

10% of retail sales by 2015 must be clean energy, increasing to 30% by 
2030. 

o Alternative Compliance Payment (ACP) of 50$/MWhr. 
Q “Clean Energy” includes renewable resources, EE, nuclear, natural gas 

CC, or alternative compliance payment. 
o Portfolios based on this legislation include the increased EE to meet 25 

0 

o 
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percent of the total clean energy target. 

The six analyzed portfolios are shown below: 

Reference COz Case Scenarios: 

1. Natural Gas - Combustion turbine/cornbined cycle portfolio (CT/CC) 
2. Lee Nuclear - Two Lee Nuclear unit portfolio with units on-line in 2021 and 

3. Regional Nuclear - Co-ownership of nuclear units in the region. The portfolio 
consists of 215 MW of nuclear in 2018,730 MW in 2021 and 2023, and 559 MW 
in 2028 (Reg Nuclear) 

2023 (2N 202 1-2023) 

Clean Energy Legislation Scenarios: 
4. Clean Energy CC - CC portfolio with the Clean Energy L,egislation assumptions 
5.  Clean Energy 2N - Two Lee Nuclear unit portfolio with the Clean Energy 

Legislation assumptions 
6. Clean Energy Regional Nuclear - Regional co-ownership of nuclear with the 

Clean Energy Legislation assumptions 

An overview of the specifics of each portfolio is shown in Table A. 1 below. 

The sensitivities chosen to be performed for these scenarios were those representing the 
highest risks going forward. 

The Company evaluated the following sensitivities in the Reference COz Case scenarios: 

0 L,oad forecast variations 
- Increase relative to base forecast (+15% for peak demand and +16% for 

energy by 203 1) 
Decrease relative to base forecast (-8% for peak demand and energy by 203 1) 

0 Construction cost sensitivity5 
Costs to construct a new nuclear plant (+20/- 10% higher than base case) 

0 Fuel price variability 
Higher Fuel Prices (coal prices 25% higher, natural gas prices 25% higher) 
L,ower Fuel Prices (coal prices 40% lower, natural gas prices 40% lower) 

- 

- 

- 
- 

These sensitivities test the risks from increases in construction costs of one type of supply-side resource at 
a time. In reality, cost increases of many construction component inputs such as labor, concrete and steel 
would affect all supply-side resources to varying degrees rather than affecting one technology in isolation. 
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Nuclear Financing 
.- 

The Carbon reference case had C02 emission prices ranging from $12/ton starting 
in 2016 to $42/ton in 203 1. The Company performed sensitivities based on the 
2009 and 20 10 fundamental C0z prices. 
High Energy Efficiency - This sensitivity includes the full target impacts of the 
Company’s save-a-watt bundle of programs for the first five years and then 
increases the load impacts at 1% of retail sales every year after that until the load 
impacts reach the economic potential identified by the 2007 market potential 
study. When fully implemented, this increased EE impacts resulted in 
approximately a 13% decrease in retail sales over the planning period. 

Federal loan guarantees for the Lee nuclear station 

Chart A. 1 shows the C02 prices utilized in the analysis. 

Chart A.1 
C 0 2  Allowance Price Projection 

* __ - - _-I___._ - - ---__-___ _-- - -- - 
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 

I 
-2009 Fundamental -2010 Fundamental -2011 Fundamental 

For the Clean Energy Legislation, the Company also performed a sensitivity by lowering 
the ACP to $30/MWhr and increasing the renewable energy assumptions to lower the 
Company’s need to purchase ACPs. 
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Unit Retirement Study evaluations were performed for each Georgia Power coal unit that 
has not already incurred significant expenditures for environmental controls. For each of the 

analyses below (Sections 5.5.1-5.5.10)’ the Unit Retirement Study evaluated controlling or 

replacing the units in 20 15 based on current expected compliance requirements and such analysis 
was used in the Company’s decision to control, fuel switch, retire, or defer. For some of the 
units recommended for defeml that would not be able to be controlled in time for a 2015 Utility 

MACT compliance date, an additional analysis was conducted to determine the potential impacts 
of adding controls equipment at a later date. This additional anaIysis assumed that such units 

would be unavailable fkom 2015 until the projected date by which the required controls could be 

installed. For Plant Hmmond Units 1-3, an additional anaIysis was conducted assuming EL one 
year extension is granted under Utility MACT for Hammond as discussed in Section 2.3.4. The 
set of controls assumed for each uuit varies based on what controls are currently expected to be 
required’ for compliance with current and future environmental d e s  and regulations. At the top 

of each table, there is a list of the controls included ,in the analysis along with the year in which 

the control is assumed to be applied for purposes of the analysis. 

The incremental cost of the controlled coal unit was compared to a proxy represented by 

site-specific replacement capacity cost. The evaluation inchded hourly production cost 
modeling and cost implications to the lmrtdssion system. Changes in production cost, capital, 

and other fixed costs were captured in the comparison to help deterxnine the most economical 

option. 

5.2 Incremental Costs 

Incremental costs include kel, operation and maintenance (“O&M”), capital, and 
emissions costs (N&, SO*, and COz) associated with continued operation of the facility. An 
economic dispatch model provided annual fuel costs and emissions costs based on the hourly 

operation of the unit in each scenario for the years 201 1 to 2040. 

O&M includes labor, materials, overhead costs, and the costs of engineering and support 

services requested by the plant, Five-year projections of unit incremental O&M costs were 
34 
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obtained fiom the 201 I budget process. The incremental costs for the remaining years (2015 to 

2040) were calculated using a moving average of the projections for the first 5 years and 
escalating the resulting value at inflation. Environmental O&M for all scheduled enviromen~l 
controls is also included. 

The incremental capital costs for each unit for years 201 1 to 2040 were based on capital 

expenditures projected by each generating plant. These prdtjected capital expenIldihues were 

necessary to keep the units running through the analysis period at the current level of operation, 

Environmental: control capital expenditures that could be required for compliance were 

not included in the capital expenditures provided by individual plmts. htead,  these incremental 

capital estimates were provided by Southern Company Services (“SCS”) Engineering and 

Consbcuction Services (“E&CS”). The most recently available capital estimates were used in the 
studies and were included as specified in the analyses below. The control requirements and dates 

were based on the interpretation of the combination of currently final, proposed, and/or expected 

environmental rulemakings and their associated compliance requirements. As these rules are 

finaliqxi, some of these requirern’ents and dates may shift, however, those included are based on 
the most recent knowledge and expectations at the time of the analyses. 

Fixed costs associated with the continued operation for the existing generathg units were 

based on projections of annual. O&M and the net present value (‘TJPV’’) of the revenue 

requirements associated with incremental capital investment necessary to keep the unit 
operational over the 30-year evaluation period. 

53 Replacement Costs 

Replacement costs, installation capital, fixed O&M, and continue to operate capital are 

In addition, individual transmission cost all site specific and developed by SCS E&CS. 
implications of the retirement and replacement were estimated by SCS Transmission. 

For the unit retirement studies, most coal units were compared to a proxy representkd by 

the expected cost of a CC at is was judged to be the best site in Georgia and was 
used for comparison on the Plant Branch, Plant Yaks and Plant Hanamond studies. For the units 

where fuel was switched to gas with oil backup (PXants Kraft, McIntosh and McManus), a 

comparison was made to a proxy represented by the expected cost of a site-specific CT. In all 
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comparison studies except Plant Mitchell Unit 4C, the costs of a megawatt ratio portion of the 

replacement unit was used. For example, if the study looked at replacing 500 MW of coal 

generation, the costs for a 500 MW portion of W CC would be used for the comparison. 

For Plant Mitchell Unit 4C, because the unit is a small CT that is used exclusively for 

peaking capacity, the unit was not compared to a replacement CC or CT but d e a d  was 

compared to a more generic replacement capacity cast. 

Replacement energy costs were estimated using the Southern Electric System marginal 

replacement costs for both continued coal operation and the replacement alternative. Marginal 
replacement costs were generated with the Pro-Sym@ model over a 30-year period (2011 to 
2040). The marginal replacement costs were then used to dispatch both the coal unit and the 

replacement units. The energy benefits (marginal replacement costs minus variable operating 

costs) were compared to determine the commitment and energy value to the Southern Electric 
System for both generating options. The net present value of the difference between replacement 

cost and unit ~perational cost was calculated to determine the overall net contribution. 

In Appendix C Table C.3, the NPV of the revenue r&phements for the various 

components of the replacement generation are provided for each set of coal units studied. These 

components are included in the calculations for which results are shown in Sections 5.5.1-5.5.10. 

The NPV of revenue requirements for the controls for each coaf unit is provided in Appendix C 

Table C.2. 

5.4 I Scenarios 
. 

Uncertainty is a ‘challenge for planning. The Company works to manage this challenge 

by considering multiple different hture outcomes in key areas of uncertainty, including future 
C02 control requirements and future natural gas supply. The Company formally analyzes 

multiple scenarios, each of which adopts a particular view of kture C02 control and a particular 
view of future natural gas supply. 

With its modeling analysis consultant, Charles River Associates (“CM”), the Company 

developed four possible C02 control requirement futures and three possible natual gas supply 

futures. The scenarios created by the combination of these COz and natural gas supply price 
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futures were developed to represent the range of plausible outcomes. Each of the twelve 

scenarios provides an internally-consistent view of fuel arid electricity markets in the US. For 
each of these scenarios, the Company has performed the detailed asset valuation analysis for 
each unit discussed Fn this filing. 

Four future C02 control scenanios were considered. Each was defined by a different 
future path of the price of C a .  The four paths each start j, 2015 at $0, $10, $20 and $30 per 

metric ton of GO, (2008$). On each path (except $O), the price increases at 

inflation. These C02 price levels were chosen to span the plausible short term and long term 

range of CO2 requirements when considering multiple factors, including US economic impact 
and likely cost-containment provisions. 

Three future natrirai gas supply scenarios were considered.. They largely reflect different 

views about the future supply of shale and other domestic US natural gas, fiom relatively 

plentiful to relatively scarce. Future natural gas demand scenarios were considered, They 
largely reflect different views about the amount of nafwal gas-fired generation in the US. and 

consumer and business demand for natural gas. These result in. three different price futures for 
US natural gas, from reIativeLy low to relatively high. These three fire) price scenarios assume 

long-term supply and demand market equilibrium. In recognition of the normal supply and 
demand imbalances that actually occur regularly in the natural gas market, the Moderate fuel 

case atso considers volatility surrounding natural gas prices and it reflects recent historic market 

imbalances price impacts, 

Future events related to domestic and global supply and demand m y  occur within the 

fuel markets that .could result in a range of fkture price regimes, most importantly in the natural 

gas markets. These events may or may not be related to ongoing debates within the regulatory or 
legislative envirojnment, but reflect potential for ranges of fie1 supply such as the amount of 

domestic conventional and unconventional gas (primarily shale gas) available as well as the 

amount of imports into the U.S., including Liquified Natural Gas (“LNG‘) and Alaska gas. 

Therefore, natural gas resource assumptions have been developed describing three scenarios that 
result in Low, Moderate and High natural gas price forecasts. In addition, supplyldemand 

1 
I 
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,, .- relationships between coal, oil, and natural gas are reflected within each scenario such that a 

change in one of these markets impacts the others within the scenario. 

The modeling system that CRA employs for the Company’s analyses (MRN-JSEEM) is a 

sophisticated, multi-sector dynamic general equilibrium model of the US economy that takes into 

account supplies and demands for all goods and services in the economy, focusing on the 

markets for energy and energy-intensive goods and services--especially electricity. The model 

h d s  price paths in all markets so that the quantity supplied is equal to the Quantity demanded. 

All of these markets must be considered to generate a fully integrated view in each scenario. 

Xn each scenario, the modehg captures shifts in gemration investment choices through 

retirements of existing capacity (pnmarily base load coal), installation of new GHG control 

technologies, and the construction of new replacement capacity. Higher C02 and fuel costs 
generally hmease electricity prices and reduce overall US economic activity, therefore, 
decreasing growth in electricity sales. All of these interrelated factors, including reductions to 

load growth, a.k considered in the Company’s scenario modeling process. 

The detailed asset evaluations also incorporated the twelve fully integrated scenarios in 
order to capture variations in the operating environments that may affect the retirement of the 

units. The detailed analyses included the implications of the addition of the’following 

environmental controls where they were deemed to be required: scrubber (“FGD”), SCR., 
baghouse, potential SNCR, potential CCR regulation costs, scrubber wastewater treatment and 
compliance with proposed 3 16@) regulations. 

5.5 Summary of Study Results 
The following tables (Sections 5.5.1-5.5.10) present the NPV customer cost results for 

the comparison of costs of the appropriate replacement proxy unit minus the cost to continue to 

opemte each set of coal units with the controls listed for that particular unit. When a positive 

value is given for a scenario, there is a net additional cost to the.customer for replacement 

generation and controlling the cad  unit is therefore the better economic option. When there is a 
negative number for a scenario, there is a greater cost to the customer in controlling the coal unit 

and rephcbg the coal unit is therefore the better option. Appendix C summarjzes the 
i 
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(.’- environmental costs applied to each of the controlled coal units. Table C.1 provides the in- 

service cost of the individual envkonmentai controls. In Table C.2, the NPV of the declining 

revenue requirements (“DRR”) for each of these controls is provided. If the analysis was to be 
examined witbout a particular environmental control that was included in the results given in 

Sections 5.5.1-5.5.10, the NIPV of the DR.R for that particular control. could be added back to 

each scenario. Conversely, if there is an additional required control that was not included in the 
results in Sections 5.5.1-5.5.10, the NPV for the DRR for that control would be subtracted fiom 

each cell in the matrix. 

Appendix D summarizes the costs and benefits of continued operation for each set of coal 
Units for the $0 C02 - Moderate Fuel case over the 30-year period (201 1-2040). 
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2015 Comoliume Results 

Customer Costs for Replacement CC Proxy Relative to the Cost of Continued Operation 

NPV (20 1 1-2040) in Millions of Dollars 

0 Ia-Sexvice nates of Environmental Controls included on the coal Units: 

2015 Scrubber - 2015 SCR - 2015 Bughouse - 201 7 CCR - 2018 Scrubber Wat'water 
Treatment N 2018 Intake Structures 

0 For the purposes of this analysis, the scrubber, SCR and baghouse were online at the 
beginning of 2015. Note that this 2015 compliance is in accordance with the original 
Multipollutant Rule dates of December 3 1,2014 for Branch 1 & 2. 

Table 5.1 

In this analysis, the assumed costs include compliance with the Georgia Mdtipoflutant 

Rule (scrubber and SCR), and anticipated C O R ~ X O ~  under the Utility MACT (baghouse), 

compliance with EPA's CCR Rule, new effhxent guidelines (wastewater treatment), and 3 16@) 

rule (intake structure). Note that a cooling tower was not included in the Plant Branch Units 1 & 

2 analysis. The cost for this control i s  included in Appendix C. Depending on the severity of the 

316(b) regulations, the upgrades to the intake structures may be s a c i e n t  or a closed cycle 

cooling tower may be required. Rased on the proposed d e ,  it is expected that a cooling tower 

would not be required, and therefore costs have not been included. Included in the 3 16@) costs 

40 



is a new intake structure with 20 fine mesh screens with fish retunzs across the S e t  from Little 

River. These would be required for Plant Branch Units 1 & 2 or Units 3 & 4, regardless of the 

operation of the other two units and have been included in the analysis. 
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2015 Compliance PPesrrzIs 

Customer Costs for Replacement CC Proxy Relative to the Cost of Continued Operation 

NPV (201 1-2040) in Millions of Dollars 

* In-Service Dates of Environmental Controls included on the coal units: 

2015 Scrubber - 2015 SCR - 2015 Bughouse - 2016-2O17 CCR - 2018 Scrubber Wastewater 
Treatment - 2018 Intake Siructures 

0 For the purposes of this analysis, the scrubber, SCR and baghouse were online at the 
beginaing of 2015. Note that this 2015 compliance is prior to the new Multipollutant 
Rule dates of late 2015 for Branch 3 & 4. 

Table 5.2-a 

2016 Compliance Results 

Customer Costs for Replacement CC Proxy"ReIative to the Cost of Continued Operation 

NPV (201 1-2040) in Millions of Dollars 

h-Service Dates of EnVkomental Controls included on the coal Units: 

201 6 Scrubber - 2016 SCR - 2016 Baghouse - 2016-2017 CCR - 2018 Scrubber Wastewater 
Treatment - 2018 littake Structures 
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$0 coz 

For the purposes of this analysis, Plant Branch Units 3 & 4 were assumed to be 
unavailable in 2015 due to required controls not being installed in h e  to meet 
anticipated compliance requirements. 

$10 c02 $20 c02 $30 C02 

Table 5.2-b 

FueVCO2 

Moderate 

For both analyses, the assumed costs include compliance with the Georgia Mdtipoflutant 

Rule (scrubber and SCR), and anticipated controls under the Utility MAC" rule (baghouse), 

compliance with EPA's CCR Rule, new effluent guidehes (wastewater treatment), and 3 16@) 

rule (intake structure). Note that a cooling tower was not included in the Plant Branch Units 3 & 

4 analysis. The cost for this control i s  included in Appendix C. Depending on the severity of the 

316(b) reguhtions, the u p m e s  to the intake structures may be sufficient or a closed cycle 
cooling tower may be required. At this time, it is expected that a cooling tower will not be 

required, and, therefore, costs have not been included Included in the 316(b) costs is a new 

intake structure with 20 fine mesh screens with fish retums across the inlet fiom Little River. 



( These would be required for Plant Bmch Units 1 & 2 or Units 3 & 4, regardless of the operation 

of the other two units and have been included in the analysis. 
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The SO capacity expansion model was used to develop alternative resource portfolios 

through 2020. There was not a significant difference between the EE economic potential and the 

requirements associated with SB 22 1 by 202 1. Therefore, only the requirements associated with 

SB 221 were considered in SO portfolio development. Also, though it is the Company's belief 

that there will be a carbon-constrained ftiture, the likelihood of legislation being passed prior to 

2013 is unlikely. With the uncertainty of federal climate change legislation with regard to 

greenhouse gas reduction, Duke Energy Ohio has established a COz price curve beginning in 

2016 to represent the potential for future federal climate change legislation. The C02 prices that 

Duke Energy is utilizing are associated with proposed and debated legislation, including H.R. 

2454 -. the American Clean Energy and Security Act of 2009, which passed the 1J.S. House of 

Representatives on June 26, 2009. The prices utilized in the 201 1 Resource Plan represent the 

lower end of the range of prices that were estimated in proposed legislation. The projected COz 

allowance prices are less than $20/ton by 2020 and it is not likely that prices would be higher in 

the short-term. For this reason, portfolios were not evaluated for variation in COz prices. The 

primary focus of the resource plan was to determine how best to meet the capacity and energy 

needs in the 201 5 period while positioning the Company to meet AER requirements when fully 

implemented by 2025. 

Sensitivities in load, fuel, and the associated energy prices were evaluated to determine 

the basis for the dii'ferent portfolios to be further evaluated in detailed production costing 

analysis. These portfolios are outlined in Table 4 L.1  below. 

Table 4 L.1 
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-.____ .- _____-- - 
Resource Portfolio Alternatives (20 I2 - 2020) 

I CT and CC Resources 

1,050 - 2,100 MW Peaking PPA and/or 
Resources 

28 MW new build Solar 
350 MW new build Wind -1 

1,050 - 1,450 MW Peaking Resource 

651) MW CC in 2015 
350 MW new build Wind 

The capacity need between 2012 and 2015 averages approximately 1,360 MW per year in 

addition to capacity that the legacy generation assets will still serve. This need will be met through 

the Company’s FRR plan to meet the 15.3% reserve margin. The capacity need will increase in the 

2015 period to 2,261 MWs primarily due to the retirement assumption of Beckjord lJnits 1-6 (859 

MWs). The 201.5 timefiame could be volatile time in the capacity market due to the significant 

number of coal retirements expected due to the new environmental regulatory requirements. 

Nationwide estimates of retirements of coal generation in the 20 15 timefjrame fall in the range of 40 

to SO GWs. Depending on the rate of economic recovery and the impact on load growth, adoption 

rates of DSM, and the number of retired coal units, there could be a capacity shortage in the 2015 

timeframe. For this reason, the option of continued operation of and investment in the existing 

system, coupled with self- build or peaking or intermediate resource purchases is maintained to 

reduce the risk of exclusively relying on the capacity market to customers. 

M. RESOIJRCE PORTFOLIO ALTERNATIVE EVAINATION RESIKTS 

After the development of the alternative resource portfolios in SO, the PAR model was 

used to perform detailed production costing analysis for the CT Portfolio and the CCKT 

Portfolio under the Proposed ESP construct for future resource needs. 
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TVA operates one o f  the largest power systems in the United States. W’ith a generating 
c-apacity of more than 34,000 megawatts, we meet the daily electricity necds for an 
80,000-squarc-mile region where niore than 9 million people live, work and go to school. 
That’s an enormous responsibility, and one we take very seriously. 

A power system large and reliable enough to 
handle that responsibility doesn’t come almut 
by accident. It’s the culmination of work by 
thousands of skilled professionals, and it all starts 
with focused and detailed planning. 

Planning a power system is complex work that 
involves huncireds of variables. such as consumer 
trends. fuel and material costs, regulations, 
technolop,y advancements and the weather. It’s 
complicated even further by the need to  forecast 
needs and conditions decades into the future. 

TVKs new integrated resource plan is a critical part of our overall planning effort. It 
is a comprehensive study of options and strategies and their potential economic and 
environmental outcomes. The plan was shaped by input from the businesses, industries 
and regional leaders, as well as ordinary people, whose lives and livelihoods depend on 
the electricity supplied by TVA. ‘I’he result of this two-year exercise gives us a sound basis 
for making better long-term decisions. 

In addition, our integrated resource plan will help us fulfill TVA’s renewed vision t o  
become one of the nation’s leading proviclers of  low-cost and cleaner energy by 2020. 
The options that have been identified from this process involve reducing WA’s reliance on 
coal, increasing our supply of nuclear and renewable energy, and working in partnership 
with local utilities and the people they serve to use energy more eaciently. 

Like most things, the cost of electricity is not likely to stay flat in the years ahead Our 
challenge will be to keep power affordable while carrying out our vital work with the 
least impact on the environment today and for future generations. 

Tom JSilgorc 
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3 Public Participation 

TVA is the largest public: power company in the nation. An objective of this IRP was to 
understand the needs of  the people it sei77es and how to address those needs in a cost- 
effective, reliable manner. Since the needs of the people vary, some people are more 
concerned about the cost of  power, some on  reliabilit): while others are concerned about 
environniental impacts. Therefore, it is TVKs ultimate responsibility to balance these 
competing needs as it plans for the fiiture. 

A transparent and participatory approach was utilized in the development of this IKP 
Many opportunities were available to the public that influenced the development - and 
ultimately the outcome - of this IW. For example, public briefings and meetings were held 
across the region, ant1 an aclvisoiy review group was created. The following key objectives 
o f  public involvenient were: 

e Engage numerous stakeholders with differing viewpoints and perspectives 
throughout the entire IRP process 

e Incorporate public opinions and viewpoints into the development of the IRR 
including activities arid opportunities for stakeholders to review and comment on 
various inputs, analyses and options considered 

e Encourage open and honest communication in order to facilitate a sound 
understanding of the process 

e Provide multiple communication channels to provide several ways for members of 
the public to learn about the IRP process and to provide input 

TVA involved the public in each critical step of  the IRP process. The involvement helped 

Public participation was actively solicited three times during the IRP process. 

TVA identify the most effective ways to serve the people of  the Tennessee Valley re&' '1011. 

1. Public scoping period 

2 .  Analysis and evaluation period 

3.  Draft IKP public comment period 
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3.1 Public Scoping Period 

'I'he 'I'VA I R P  process began with a 
GO-day public scoping period June 15, 2009. 'I'VA 
announcecl the start o f  the process in newspapers 
throughout the region via media releases a n d  on 
TVA's website 

In addition, the EPA published the official EIS 
Notice of  Intent in the Federal Register. This 
notice is required by the NEPA guidelines which 
require federal agencies such as TVA to prepare 
an EIS whenever its actions, such as the 
development of an IRP, have the potential to 
affect the environnient. 

During the scoping period, TVA disseminated a broacl range of information to the public. 
including the reasons for developing an IKI.', what it would focus on, the process for how 
a n  IRP is developed and how the results will be used to guide strategic tlecision making 
Public smping provitletl an early anti open prcxess to ensure: 

Stakeholder issues and concerns were identified early and properly studied 

* Reasonable alternatives and environmental resources were considered 

Key uncertainties that could impact costs or performance of certain energy 
resources were identified 

0 Input received was properly considered and would lead to a thorough arid 
balanced final IKP 

'T'VA also reiterated the need to have a balanced approach when considering the tradeoffs 
of one etierg,y resource for another. While developing this IN.', TVA sought public input on  
;I variety of issues and aslcecl the following questions: 

How will any changes affect system reliability and the price of electricity? 

0 Should the current power generation mix (e.g. ,  coal, nuclear power, natural gas, 
hydro, renewable) change? 
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lulv 13. 2009 

e Should energy efficiency and demand response be considered in planning for 
future energy needs? 

Should renewahles be considered in planning for future energy needs? 0 

Chaaanooga. I'nn 

Knoxville, Tenn. 

0 How can TVA directly affect electricity usage by consumers? 

July 28, 2009 

I L I I ~ ~  30, 2009 

The scoping period helpetl shape the initial development and framework of this 1K1? 
'I'VA usecl the input receivecl to determine what resource options should be considered 
to meet future demand. TVA used two primary techniques, public meetings and written 
comments, to collect public input during the scoping period. 

Huntsville. Ala 

H o p  ki nsvi Ilc, Ky 

3.1.1 Public Meetings 

h g "  'f, LOO9 

Aug. 6. '009 

During the scoping period, TVA held seven public meetings across the Tennessee Valley 
between July 20 and hug. 6, 2009 (Figure 3-1). The meetings were conducted in an 
informal, open house format to give participants an opportunity to express concerns, ask 
questions and provide comments. Exhibits, fact sheets and other materials were available 
at each public meeting to provide information about the Draft IKP and the  associated IiIS. 

Srarkville. iMiss 

Memphis, 'I'enn. 

I lulv 20. 2009 I N:ishville, 'I'enn I 

Figure 3-1 - Public Scoping Meetings 

Attendees included members o f  the general public, representatives from slate agencies 
and local governments, 'I'VA's congressional delegation representatives, distributors of 
I'Vh power, non-governmental organizations and other special iiiterest groups. 

L\pproxiinately 200 attended the public scoping meetings. TVA subject-matter experts 
attendetl cadi meeting to discuss issues and responcl to questions about the 1KP planning 
process and TVA's power systeni and programs. 
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3.1.2 Written Comments 

During the scoping period, TVA accepted coniments via email, fax, letters, TVKs website, 
public scoping meetings and a scoping questionnaire. At the public scoping meetings, 
verbal comments were recorded by court reporters and attendees were able t o  submit 
written comments hy logging onto TVA's website using 'ITA supplied computers. 

Overall, TVA received approximately 1,000 comments from the following 
cotnmunication tools: 

* Scoping questionnaire 

0 *WAS website 

* Public meetings 

Comments were received from four federal agencies and 20 state agencies representing 
six of the seven TVA region states, Some of these responses included specific comments, 
while others stated they had no comments, but asked to review the  Draft IRP and the 
associated EIS. Figure 3 - 2  shows the distribution of  scoping comments by geographic area. 

Some agencies, organizations and individuals provided comments specific to TVKs 

natural and cultural resource stewardship activities. 'Cliese comments were not included 
in the  scoping report because they focused on another planning process - 'TVA's Natural 
Kesource Plan (NRP) and associated EIS. 'The fiill scopiilg report on  this IKt' as well the 
NIW can be found on TVA's website. 

.u:lblm;l 
I'nknown 6 3% Geoigia 

OIILbllIC 'IVA 2 9% I sx 
Ileg1on \ \ I / k l 1 U J l k Y  
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3.1.3 Scoping Questionnaire 

An 1 1-part scoping questionnaire was distributed at public meetings and made available 
on  TVA's website. The questionnaire WJS developed to elicit public opinion on TVA's 
firmre generation and efficiency options. At least part of the scoping questionnaire was 
completed by 845 people, and 640 of the respondents answered the write-in questions 
as well as the multiple-choice questions. 

Many of those who completed the questionnaire expressed a willingness to take 
various measures to reduce their energy use or pay higher rates for cleaner energy. 
The willingness to undertake some measures increased with rlie availability of 
financial incentives. 

M e r  further analysis, thc rcsults o f  the questionnaire indicated that the findings were 
not statistically significant and the survey population was not fiilly representative of the 
entire Tennessee Valley region. Therefore. TVA decided to conduct a phone survey of  
approxiinately 1,000 individuals across the entire region in the summer of  20 10. 

3.2 Analysis and Evaluation Period 

The analysis arid evaluation period took key 
themes and results identified from the scoping 
period and developed the framework for analysis 
and evaluation. The findings were considered 
when TVA developecl the range of strategies for 
IKI' analysis. 

During this phase, TVA used the following three 
techniques t o  collect public input: 

1. Stalteholder Review (;roup 

2 .  Public briefings 

.3 .  Phone survey 
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3.2.1 Stakeholder Review Groiip 

Early in the IRP process, TVA recognized it would be difficult to get specific and 
continuous input from the public beyond the scoping period. To obtain more in-depth, 
ongoing input from the public, TVA established an advisory Stalteholder Review (;roup 
(SRG) in July 2009. 

The formation of this diverse 16-member review group (listed on page 42) was the 
cornerstone of the public input process. i t  consisted of representatives from business 
and industry, state agencies, government, distributors of 1'VA power, academia, special 
interest groups and civic organizations. I n  addition to providing their individual 
views to TVA, SRG members representetl their constituency anti reported to them 
on the IN' process. 

The SRG met approximately every month with TVA. Ten meetings were held prior to the 
release of the Draft IRP and the associated EIS at various locations throughout the region. 
Five additional meetings were held l?etween the release of the Draft IRP and approval of  
the Recommended Planning Direction to facilitate ongoing feedback arid guidance for this 
IRI? Figure 5-3 shows the dates and locations of all the SRG meetings. 

I-- July 29, 200') I Nashrille, 'Venn I 
I- Auq 18, 200') I Knowrille. k n n  I 

I o c t  28, 2010 I I(noxv~lle. Tenn I 

_I 

Figure 3 3 - Stakeholder Review Group Meetings 
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Oct 23,2009 

Nov. 16. 2009 

The meetings were designed to encourage dialogue on all facets o f  the 1KI' process, and to 

facilitate information sharing, collaboration and  expectations for this IW. Topics included 
energy efficiency best practices, TVRs power delivery structure, load and commodity 
forecasts and supply resource options 

Chartanooga. 'I'enn 

Chattanoooa, Tenri 

The individual views of SRG members were collected on the entire range of assumptions, 
analytical techniques and proposed energy resoiirce options and strategies. Given the 
diverse makeup of the SRG, there were a wide range of views on  specific issues, such as 
the value of energy efficiency programs, environmental concerns and the appropriateness 
o f  some new technologies. Open discussions supported by the best available data 
facilitated better comprehension of  the specific issues. 

Fcb 17, 2010 

M;1v 13. 7010 

To increase public access and transparency to the IRP process, all non-confidential SRG 
meeting material (i e., presentations, agenda and minutes) was posted on TVKs website 
In addition, TVA developed an internal website specifically for SRG members to post 
information on and to request data from TVA staff. 

Knoxiille, Tenn 

Knoxville, 'Iiinn 

3.2.2 Public Briebgs 

In addition to the public scoping and SRG meetings, TVA held four public briefings 
(Figure 3-4). The public briefings informed the general public of the IRP process. 

Figure 3-4 - Public Briefings 

Participants had the option to attend in person or by webinar. The format of the 
public briefings included a brief presentation followed by a moderated QCLA session 
with the audience 

Topics discussed at the public briefings included an overview of the integrated resource 
planning process, resource options, development of scenarios and strategies and  
evaluation metrics. 

The public briefings attendance averaged 15 to 20 in-person participants and 
approximately 30 to 40 participants by wehinar. Videos of  the briefings and presentation 
materials were posted on  the IKP project website. 
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TVA also briefetl the public on the IKP process through presentations givcn at 
local organizations, clubs and associations including the following: 

Association of Energy Engineers 

0 Tennessee Renewable Energy and Economic Development Council 

0 Chattanooga Engineers Club 

0 City of Chattanooga 

e Chattanooga Green Spaces 

0 EPRl Environmental Aspects of Renewable Enwhy Interest Group Workshop 

e C&an Encrgy Speakers Series at Georgia Tech 

IIoward 11. Baker, Jr. Center for Public Policy 

0 Technical Society of Knoxville 

3.2.5 Phone Snrvey 

To ensure an e ~ e n  wider representation of opinions on IRP choices were considered, 
TVA partnered with Harris Interactive to develop a statistically representative phone 
siirvey of approximalely 1 .OOO ‘I’ennessee Valley resicleiits. ’I’he custoiner phone survey 
was conducted during June and July 2010 for the  following reasons: 

* Determine primary power generation concerns among the ’hmessee Valley 
residents (Le., cost, reliability, use of renewables, ctc.) 

e Lktermine market potential for voluntary and financially incentivizccf 
energy efficiency programs 

0 Determine market potential of renewable programs, including Green 
Power Switch@ and other existing or planned energy efficiency and 
demand response programs 

Estimate potential market pricing for renewable power programs, including the 
additional amounts Tennessee Valley residents are willing to pay each month for 
energy from renewable sources 

Assess Tennessee Valley residents’ attitudes of and satisfaction with TVA, including 
analysis of the  services that it provides to the ‘i‘ennessee Valley 

0 

Survey results indicated that thc Tennessee Vallcy residcnts have a Pavorable attitude of 
TVA, consitler systcni rehbility a critical component of Iltility services and want to see 
TVA focused on keeping prices affordable. 
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Key findings included: 

TVA quality of service Q 94 percent of responclents agreed that providing 
a reliable supply of electricity is very important in 
assessing TVA's quality o f  service 

* 92 percent indicated that keeping electricity rates 
affordable is important 

Meeting fiiture energy 
needs 

* 70 percent of respondents also deemed it 
very important for TVA to reduce air pollutants 
and emissions 

Renewable energy e 42 percent of respondents believed that adding 
different energy sources, such as solar and wind, into 
TVA resource portfolio should be emphasized the most 
to meet furure energy needs 

* 42 percent of respondents indicated they likely 
would pay more for renewable energy, with the  
following breakdown: 

Q Those indicating they would definitely pay more 
would pay an average of $12 60 per month to 
ensure that 10 percent of  their energy comes from 
renewable sources 

e This same group would pay an average of $26.91 
more per month to ensure that a11 of their energy 
is renewable 

* Tennessee Valley residents indicating they would 
definitely or probably pay more were willing to pay 
$ 1  1 to $20 per riionth to reduce COL emissions 

e Opportunities exist for additional Green Power 
Switch"$ awareness among 'li-nnessee Valley residents 

Biggest concerns related a Cost and billing 
to electricity production 

0 Environmental impact 

a Quality of power supply 
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Nashville, ‘I’enn 

Olive Branch. Miss. 

Kno.willr. ‘I’enn. 

3.3 Draft IlRP Public Comment Period 

OCT. 14. 2010 

M e r  the Draft IRP was completed in the fall o f  
2010, mi\, provided an opportunity for the public 
to provide comments and give input. Following 
the Sept. 15, 2010 publication of the Draft IRP with 
EPA, a 52-da~7 comment period was pro17ided to 
solicit input about the Draft l l iP from the  public. 

Huntsville, Ala 

Originally set to close Nov. S, 2010, the 45-day 
comment period was extended an additional 
seven days to accoinnioclate several cxteriial 
stakeholclers’ requests. For this phase of. the lliP 
process, TVA presented the results to both internal 
TVA stakeholders and the general public in the 
Draft IRP and the associated EIS. 

TVA used the following three techniques to collect input during the Draft IRP: 

1. Public meetings 

2 .  Webinars 

3. Written comments 

3.3.1 Public Meetings 

TVA had five meetings with the public across the Tennessee Valley region in October 2010 
(Figure 3-5).  These ineetings gave the public an opportunity t o  present their views on  the 
Draft IRP t o  TVA leadership and subject-matter experts. 

I O C l .  5, 2010 I Bowling Green, Icy I 

Figure 1-5 - .  Public Coinment Period Meetings 
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TVA publicized tlie meetings and webinars by placing aclvertisements in major newspapers 
and issuing news releases prior t o  each meeting that many local newspapers carried. 
Before each o f  tlie meetings, TVA met with local reporters in each location who frequently 
write about TVA and the IRP process so that they, in turn, could write articles to help the 
public understand the IRP process and draft document. 

Online advertising (i.e., announcements on 'T'VA's Facebook page) was used to reach 
an even wider audience. "%A's website was also regularly updated with tlie latest news 
regarding the IRP process and logistics for each public meeting. 

At each o f  these meetings, 'TVA presenred an ovei-view of the Draft IliP followed by a 
moderated. Q&A session supported by a panel of TVA subject-matter experts. Attcndecs 
were able to atltlrcss coniments or questions to the panel. Attendees also had the 
option t o  submit written and t.erbal comments to a court reporter before o r  after the 
presentations. A transcript and video of each meeting was recorded. The presentation 
slides and video of  the meeting in Bowling Green, Icy., and videos of each Q&A session 
were posted on the WA's website. 

TVA encouraged comments from the public on the Draft IRP and the associated EIS. 
Comments received enabled TVA staff to identify public concerns and recommendations 
concerning the future operation of the 'I'VA power system. ?'he public comments and ' W K s  
responses are included in the associated (iIS. 

3.3.2 Webinars 

To encourage as much participation as possible, members o f  the public who were not able 
t o  attend public meetings were able to participate by webinar. Attendees registered in 
advance and were able t o  access the presentation and participate in the Q&A session from 
personal computers 

3.3.3 Written Comments 

During the 52-day public comment period, comments were submitted via TVA's website, 
email, U.S. mail and Eax. Comments and questions recorded at each of the public meetings 
were also considered. 

In  all, 'I'VA received approximately 500 responses from a multitnde o f  individuals, 
organizations and agcncies. These responses contaiiiecl 748 comments of which 372 were 
unique ant1 atklressed in tlie associated EIS A general summai-y o f  unique comments 
received during the public comment period on the Draft IRP can be seen in Figure 3-6. 
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Figure 3-6 - Type of Responses Submitted 

l'he following organizations and agencies submitted comments: 

* Environmental Protection Agency e Distributors of TVA power 
0 Natural Resource Defense Council * State agencies 
* Southern Alliance for 0 Tennessee Valley 

0 Sierra Club 0 Industry groups (i.e., solar energy, 
e Earth Justice 

Clean Energy Public Power Association 

natural gas, etc.) 

3.4 Pnblic Input Received During the IRP Process 

Public input received during the IRP process covered a wide spectrum of subjects. From 
public scoping to the comments received on  the Draft IRP, tlie ongoing feedback assisted 
TVA in identifying the relevant concerns of the public with respect to resoiirce planning. 
Input received during the IRP process also provided beneficial insight to common public 
perceptions of  'I'VA programs and willingness to invest in certain resource options. For 
example, the SKG and public input errcouraged TVA to consider larger renewable portfolio 
targets beyond current resource plans, resulting in consideration of portfolios of 2,500 
and 3,500 MW 

Moreover, public: input helped develop tlie framework for analysis and addressed a 
wide range o f  issues, including the cost ctf power, recoriimended res~iurce options, the 
environnieiital impacts of  different resource options and the integrated resource planning 
process. The following sections briefly summarize the issues raised with additional detail 
provided in the associated ETS 
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Costs of New Capacity, Financing Requirements and Rate Implications 

Concerns about the ability of  TVA to design, build and deliver major new capacity on  
time and within budget were expressed. Questions about the validity o f  construction cost 
estimates for new nuclear capacity were raised. 

The public also expressed concerns about TVA's ability to fund future resource additions 
due to the $30 billion limit on  TVA's statutory borrowing authority. W A S  financing options 
to cover the costs of construction for major capital investments are limited to borrowing, 
increasing rates or other less traditional forms of financing. There were also concerns 
about potential impacts on short-term rates. llowever, some believed that higher rates 
may promote energy efficiency investments. 

While a large number of people were opposed to any future pricc increases, a number 
o f  those who completed the scoping questionnaire expressed a willingness to pay 
J 1-520 more per month for TVA to increase generation from non-greenhouse gas 
emitting sources. 

Recommended Energy Resoiirce Options 

The public made recommendations about TVA's future supply- and demand-side resource 
options. 'I'VA's future resoiirce portfolio should: 

0 Avoid or minimize rate increases 

e Minimize c x  reduce pollution and other environmental impacts 

0 Maximize reliability 

* Contain a diversity of fuel sources 
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The following resources options were mcntionctl: 

* Supported nuclear additions if implemented in a cost-effective, 

responsible way 

0 Concerned with rising costs and nuclear waste issues 

related to additions to the nuclear portfolio 

Nuclear expansion 

~ - 

EEDR initiatives 0 Pleased with the contribution of EEDR in the planning 

strategies retained in the Draft I KI' 

@ Comments regarding the target level of EEDII being studied 

and the potential for larger ainounts of EE to  displacc new 
nuclear capacity 

0 Uncertainty about cost, lost revenue impacts and program 

effectiveness; and questioned measurement and verification 
of- benefits 

Renewable additions * Supported increased renewable generation (including wind, 
solar, locally-sourced biomass and  low-impact hydro) as long 
as costs are competitive 

0 Stated the need for a stronger commitment to developing 
renewahles within the Tennessee Valley region, particularly 
solar, as opposed to imported wind power 

* Questioned system operational impacts caused by intermittent 

or off-peak resources (i.e , wind and solar) 

Idling coal-fired 
capacity 

0 Commended TVA on the strategy for coal-fired capacity idling 

and to consider larger quantities of iciled capacity 

0 Concerned with the economic and environmencal implications 
of idling certain coal-fired units 

* Concerned about TvA's risk exposure for pending carbon 

legislation and issues related t o  lead-time for positioning coal- 
fired assets for idling, retirement and/or return to service 

Energy storage 0 Recommended an increase in energy storage capability 
~~ 

Natural gas 0 Supported additional natural gas-fired generation 
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Environmental Impacts of Power System Operations 

A general concern about pollution was a frequently mentioned issue in regards t o  the 
TVA power system. Additionally, much of. the public felt the issues with air pollutants, 
greenhouse gas emissions, climate change, spent nuclear file1 and coal combustion by- 
products were of high importance. 

Many comments encouraged TVA to decrease its emissions of greenhouse gases while 
others questioned the human influence on climate change The issue was also raised of 
the impacts of buying coal from surface mines, particularly mountaintop removal mines, 
and recnmmended that 'WA stop this practice. The Kingston Iiossil Plant ash spill in 
Lkcember 2008 was frequently mentioned 

The Integrated Resource Planning Process 

Sex7eral people addressed the IRP process. Their comments recommentled that TVA 
continue to follow industry standard practices; enter the process without preconceptions 
about the adequacy of various resource options; be open and transparent throughout the 
planning process; treat energy efficiency and renewable energy as priority resources and 
address the total societal costs and benefits. 

3.5 Response t o  Public Input and Comments 

Input received from the general puldic antl stakeholders was a key part of the 1KP process. 
Listening to different stalteholders' perspectives, viewpoints antl sometinies competing 
objectives played a prominent role in choosing :I Recommentled Planning Lh-ection for 
TVA Appendix F - Stakeholder Input Consiclered ant1 incorporated provides examples on 
how key themes were incorporated into the IRP analysis 
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TVA employed a scenario planning approach in the development of the Draft and the final 
IR!? This approach is commonly used in the utility industry. The goal of  this approach was 
to develop a "no-regrets" strate&? that was relatively insensitive t o  uncertainty. In other 
words, once strategic decisions were made, the strategy would perform well regardless of 
how the future unfolds. The processes used in the scenario planning approach, including 
evaluation methods and strategy selection, are outlined in this chapter. 

'l'his chapter describes the following six steps of the Draft IKP process: 

Resource Plan Development and Analysis 

1 .  

2. 

7 
2. 

4. 

5 .  

6.  

6.1 

Development of the scenarios arid strategies used to conduct the scenario 
planning analysis 

Resource portfolios optimization modeling 

Development of  scenario planning scorecards to  measure the performance 
of the portfolios and strategies developed in the scenario planning analysis 

Identification of preferred planning strategies for publication in the Draft IRP 

Incorporation of public input and performance of additional scenario 
planning analyses 

Identification of the Recommended Planning Direction 

Development of Sceiiarios and Strategies 

Scenario planning is useful for (letermining how various business decisions will perform 
in an uncertain future Multiple strategies, which represented business decisions that 
TVA can control, were modeled against multiple scenarios, which represented uncertain 
futures that TVA cannot control. The intersection o f  a single strategy and a single scenario 
resulted in a resource portfolio. A portfolio is a 20-year capacity expansion plan that is 
unique to that strategy and scenario combination. 

Modeling multiple strategies within multiple scenarios resulted in a large number of 
portfolios. Proper analysis of these portfolios was a challenge. Accordingly, during early 
stages ot the analysis, i t  was more important to observe trends or common characteristics 
that strategies exhibited over multiple scenarios rather than focusing on specific outcomes 
in indivitlual portfolios. If a strategy behaved in a similar manner in most scenarios, the 
modelers could be confident of  its robustness. Characteristics o f  robustness included 
increased flexibility, less risk over the long term and the ability to mitigate the impacts o f  

'Portfolios :ire also referred to as  capacity expansion plnns or resource portfolios 
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uncertainty. Conversely, a stratqy that behaved differently or  poorly in each scenario that 
it was niodelecl within was coiisiclered more risky and indicated 
a higher prot)ability for disappointment and future regret. 

6.1.1 Development of Scenarios 

Most quantitative models kocus on what is statistically likely based on histoiy, market 
data and projected future patterns. The scenarios developed for the planning approach 
operated differently by utilizing assumptions that the future evolves along paths not 
suggested by history. They were not assigned a probability that one particular future is 
more likely tu occur than another. llsing this approach, scenarios identified and framed 
plausible futures that were studied in the developnlent of the long-range resource plan. 

The following three-step process was used to develop scenarios used in this IRP: 

1. 

2 .  

3 . 

Identification of key uncertaintics 

Lkvelopment of  scenarios 

Determination of scenario 
uncertainty values 

Identification of Key IJncertainties 

92 

TVA, with input from the SRG, identified uncertainties that were used as building blocks 
to develop scenarios for this Ilif? 'l'he key uncertainties are listed in Figure 6-1. 

I i\i T E G R A r E D H E s i.i 1.1 R c E P i A i\: 



Jree~ihoiise 
:as (GHG) 
eciuirements 

Environinencnl 
)litlook 

Energy efficiency 
ind llbS 

Capital cxpan s i o n 
viability bt: costs 

Fin ancin e 
Cornmotlit). prices 

Contract purchase 
power cost 

Change in 1o;id 
shape 

Construction cost 
cscalarion 

0 Reflects level of emission reductions (COz and other GHG) rnanclated by ferclernl 
legislation plus the cost of carbon ;tllow:inces 

C1i:inges in regulations ;icltlressing: 
* Air emissions (exclusive of GIIG) 
0 Land 
0 Water 
0 Waste 

~~ 

0 Reflects mandatcs for minimum generation from renewables and the viability of 

0 It includes the percentage of the RES standard that can be met with energy efficiency 

0 Reflects variance of acnial load to what is forecast 
* Accounts for benefits of EEL>R nenetration 

relle\Vdhk gener.ltion hOL1fCeS 

-~ 

For nucleai, fossil, other generation and transmission, includes risks asso~i~itecl with. 
0 Licensing 
0 Permitting 

Project schedule 

* Financial cost (interest rate) of securing capital 

includes natural gas, coal, oil, uranium and spot price of electricity 

* Reflects demand cost, availability of power and transmission constraints 

Includes clfccts ot factors such .is: 
0 Time-of-use rates 
* Plug-in Hybrid Electric Vehicles (transportation) ., Distributed generation 

* Energy storage 

* Smart grid / 
Energy eficiency 

demand response Economics chaneine customer base 
~~ 

Includes the following for nuclear, fossil and other generation: 
0 Commodity cost escalation 
0 Labor and equipment cost escalation 

Figure 6-1 - Key IJncertainties 

Development of Scenarios 

Scenarios were constructed by utilizing various combinations of the key uncertainties in 
Figure 6- 1. They were then further refined to ensure that the following characteristics for 
each scenario: 

e Represented a plausible, meaningful future "world" (e.g., uncertainties related 
to cost, regulation ;ind environment) 

a Were unique among the scenarios being considered for study 

* Reflected a future that TVA could find itself in during the timeframe studied in 
this IRP 
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0 Placed sufficient stress on the resource selection process 

0 Provided a foundation for analyzing the robustness, flexibility and adaptability 
o f  each combination of various supply- and demand-side options 

0 Captured relevant key stakeholder interests 

A sumniary of the scenarios selected for the IRP analysis is shown in Figure 4-2. During the 
scoping phase in simmer 2009, Scenarios 1 through 6 were developed for use in the Draft 
1KP analysis. Scenario ’7 was also developed as a reference case in the Draft IRl? It closely 
resembled ‘I’VA’s long-term planning out look at the time the original scenarios were 
cleveloped. Another reference case, Scenario 8 was actded after the publication of the Draft 
IN? It  captured the impacts of  the recent recession and was used in subsequent analysis 

Economy recovers stronger than expected and creates high demand for electncity 
C‘irbon legislntion and rcnew.tble electricity standards ‘ire passed 

* Demand for commodity and construction resour~cs inc11‘~cs 
Electricity prices are moderated by increased gas supply 

Mitigation of cliinate change etfeco and development ot a “green economy” IS a pnortty 
The cost of CO, allowances, gas and electricity increase significantly 

* Industry focus turns to nuclcar, renew;~bles, conservation and gns to meet demand 

* Prolonged, stagnant economy results in low to negative load growth and delayed 

* I:edcr,il clim.tte chmgc legislation is delayed due to concerns of .Idding runher prcs- 

* Strong economy with high clcmand lor electricity and commodities 
* High price levels ‘tnd concerns nhout the environment incentivlzc conservation - Game-changing technology results in an abrupt decrease in load served after 

The U S focuses on reducing its dependence on  non-North ihcr ican  fuel sourccs 

* Energy efficiency and renewable energy move to the torefmnt as an objective of achieving 

Federal climate change legislation IS passed and implemented quickly 
High prices for gas and CO, allowances increase electricity prices significandy 
U S based energy-intensive industry is non-competitive in global markets and leads 

Economy Recovei 5 

l~raiiiatic~illr 

~n~rroninenta l  Poc u5 
is .I Xiuond Priority 

I’rolongccl Econoniic 
Malaise 

eymiision of new geneiatioii 

zure t o  the econoinv 

Game-( hanging 
kc hnology 

. -  
\.troiig giowth 

Supply of natural gas is constrained and prices for gas and electricity rise 

mer&? inrlcpencicnce 

hncrs~, Iilclcpcrltlcncc 

- ~~ 

( .ubon Hegulmon 
C recite\ Economic 
D m  nt iii n 

to .in economic d o ~ i i t u r n  

Reterencr ( a5e 
Spring 70 10 

Reterence ( , n ~  
(2 re.i t Re~essiixi 

* Economic outlooh include5 econoniic ~ecoverv, bur giowth 15 .tt A slightlv lower r x e  

* Natural gas prices are lower to reflect iecent market trends 
ih.m S ~ e i i ~ i i o  - clue to lingering tt’cebbioii  trnp~itrs 

Figure 6-2 - Scenarios Key Characteristics 
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Determination of Scenario IJnicertainty Values 

Once each of the key uncertainties were defined, specific numerical values for each aspect 
o f  the scenarios were developed utilizing the following assumptions: 

0 Climate change uncertainty will be based upon stringency of requirements and 
timeline required for compliance and cost of (10, allowances 

An aggressive EPA regulatory schedule is expected to create additional compliance 
requirements (e.g., Ilazardous Air Pollutants Maximum Achievable Control 
'lechnology [ I  lAPs MAC'I'], revised ambient air scandards, etc.) 

0 Command and control regulations for HAPS MACT will likely drive plant-by-plant 
compliance 

e KES will help accomplish Gl€G reduction required at the federal level 

The spot price of electricity will be correlated with the price of natural gas and coal 

0 Demand, primarily driven by economic conditions, will be affected by energy 
efficiency, demand response and other factors 

0 Schedule risk will be related to demand as well as the uncertainty of permitting 
and licensing generation and transmission projects 

0 Economic conditions and associated inflationary pressures will become the 
primary drivers for changes in financing costs 

e Construction costs will be driven by demand as well as availability of  labor, 
equipment, design and raw materials 

0 Economic conditions will bccome the primary driver, but the legislative/regulatory 
environment will apply additional pressure by introducing uncertainty related t o  
potential schedule impacts 

e Cost and availability of contract power purchases will be primarily driven by 
economic conditions and local area denland (i.e", load growth) 
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A detailecl description of each scenario's uncert:iinty values is shown in Figure 6-3 
. . . . . . . . . .  

.a ........... ..& . *  

Encrgy cfticlcncy 
lnil RES 

Commodity prices 

Figure 6-3 - Scenario Descriptions 
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6.1.2 Development of Planning Strategies 

Coal-fired 
capacity idling 

Enerhy st0r:cge 

Nuclear 

After development o k  the scenarios, planning strategies were designed to  test the various 
business decisions and portfolio choices that TVA has control over and might consider 
Strategies are very different from the scenarios. Whereas, scenarios describe plausible 
futures and inchtde factors that TVA cannot control, strategies describe business decisions 
over which TVA has full control. In the end, a well-designed strategy would perform well 
in many possihle scenarios whereas a poorly designed strategy would frequently not 
perform well. 

h proposed schedule of coal-fired unit idling that will be tested in each strategy 

Option t o  include :I pumpetl-storage unit in selected stixtegies 

Constmints rclatcd to the addition 01 new nuclear capacity 

Defined Model Input 

Defined Model Inpuc 

Canstraint 

The following three-step process was used to design the strategies in this IiiP: 

Cod 

Gas-fired supply 
(self-hu ild) 

kiarltet purchases 

1. Identification of  key components 

2 .  L)evelopment o f  strategies using 
key components 

3. Definition of strategy 

Limitations on  technology and timing for new coal-fired plants 

Limitations on gas-fired unit expansion 

I e \ d  of market reliance ;~llomed i n  each strategy 

Constraint 

Constraint 

C.onstraint 
. . - ~ . .  ...~._ .-1_ 

Identification of Key Components 

To define the planning strategies, nine distinct categories of components were identified 
The choice of  components was influenced by comments received during the public 
scoping period and input from the SiIG. Comments stated that 'I'VA shoixld challerige its 
targets for iiEDK and renewables beyond the current portfolios. Accordingly, the ranges 
for both components were significantly expanded. The components for the planning 
strategies ;ire described in Figure 6-4. 

EEDR poi tfolio 

Renewable :tcldition.s I The anoiint 01 rcncw.tblc rc.sourCc:, :idded in c;~ch 5tr:itwv 

I The level of EEDR included 111 each strategy I Defined Model Input 

I Defined Model Input 

(knstraint Iype and lcvel o l  transmission infiastructurc rcquired to support resource 
options in each strateby 'li.ansniission 

Figure 6-4 - Coniponents of Planning Strategies 
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As noted in Figure 6-%, there were two types of  components, used in the model. 

Defined model inputs 

Constraints in the model 
optimization 

These ccmponents were scheduled or 
predetermined. ’This applied to both the timing and 
the quantity of specific asset decisions 

These components constrained the optimization 
of asset choices such as minimum tiuild times, 
technology limitations and other strategic constraints 
including limits on market purchases. The capacity 
optimization model selected resources that were 
consistent with these constraints 

I I 

Development of Strategies Using Key Components 

ITA combined these nine components and created five distinct planning strategies 
for the Draft IRP analysis. Figure 6-5 lists the five distinct planning strategies and their 
key characteris tics, 

Lhiiretl ( ,hang  in Current 
Resource Portfolio 

Bweline Plan 
Kesource Portfolio 

* Retain and maintain existing generating fleet (no :itfditions bcy~i id  \Y’:itts B:ir 

Llnit 2 )  
Rely on the market to meet future resource needs 

0 Allows for nuclear expansion Lcfter 2018 and new gas-fired capacity as needed 
e Assumes idling of approximately 2,000 MW of cod-fired capacity 
* includes EEDR oortfolios and wind PPAs 

IXversity Focuscd 
liesource Portfolio 

Nuclear Focused 
liesource Portfolio 

* Allows for nuclear expansion after 2018 and new gas-fired capacity as needed 
* increases the contribiition from EEDR portfolio and new renewables 
* Adds a pumped-storage unit 

Assumes idling of approximately 3,000 IMW of coal-fired capacity 

* Allows for nuclear expansion after 2018 and new gas-rued capacity as needed 
0 Includes an increased EEDR poftfolio compared to orher strategies 
* hssuincs idling of approximately 7,000 MW of coal-fired capacity 
e Includes new renewables (same ;IS StratebT C )  
0 Includes a Dumped-storage unit 

EEDR and Renewables 
Focused Kesource Portfolio 

a Assumes greatest reliance on EEDK portfolio of :my strategy and includes 

0 Assumes idling of approximately 5,000 MW of cod-fired capacity 
* Delays nuclear expansion until 2022 

largest new renewable portfolio 

Figure 6-5 - Planning Strategies Key Characteristics 
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Once each strategy's key characteristics were defined, specific numerical values for each 
component of each strategy were defined as shown in Figure 6-6. 

I .9 i0 M\V L 
t.725 ;innu;tl G\Vh 
w.lucnons hy 2020 

L,100 MW K 
5.900 ;tnnual GWh 
reductions by 2020 

I,l100 hlW & 
8,900 :mnual GW'h 
reductrons by 2020 

i,OClO MW & 
11,rOO :inntl:il G\Vh 
~edlictlons by 2020 

2,5110 M W  & 8,600 
;\Vh comperitwc 
w w v d d e  
'esourcrs nr PPAS 
>y 2020 

3,200 A 1 W  total 
leet reductions by 
201: 

Same as Strategy I\ bamr :L\ Strategy C 

7,000 ,M\V totll 
fleet reductions by 
2017 

Same :ts SmtebT C 

2,+00 M\V total 
fleet reductlons by 
2017 

Same :LS Stixresy A 

\lo fossil Noct 
~duccions 

Vo new additions Sdd on pumped- 
;tor.lge unii 

First unit online no 
earlier than 21122 

Units iit last  2 
>-e:u-s apan 

hdtlitions liiniicd 
to 3 units 

First unit online no 
earliei, than 3018 

Lhits :it Ic:\st 2 
y:us ;lp;lrt 

Fiist unit online no 
e;iIIiet than 201s 

I.!nits :it l eu t  1 
yxrs ;ip;trt 

Nuclear 

co:11 V o  new nclditions 

New ccial units are 
outfitted with CCS 

I:irst unit online no 
tarlicr than 2025 

kime as Stixtegy B N o  new adtiitions 

Meet ~emaining 
supply neccls wit11 
gas-fired units 
---..-- 
I'urcl1;lscs bcycrnd 
current cuntmcts 
:md cnntriict 
extensions limited 
10 901) MW "-. ....._ 

G :Is -1 ired 

(sell-build) 
supply 

iMa rltet 
pii rchascs 

...... 

Same as Sir:ucgy 13 

No limit on in% krt 
purc1i;ues I)cyond 
xirrenr cont ixu  
:md extensions 

l'citent i d l y  
Iiiglier lercl of  
transmission 
inwstment to 
support marliet 
pili chases 

Traiismission 
espansion (if  
ncedccl) may 
h e w  impact on 
resource timing 
md availability 

-1--.1- 

s:ime :Is swatep u 

.I""..-"."x- 

Inciezse 
tr~nsni ission 
in\el;tincrit to 
support ncw 

anti ensure ssstctm 
rcli:tbility 

I'ursiie inter- 
regional projects tn 
transmit ~enewal>l r  
m c r g  

wpply resources 

I'oten tin1 I v  
higher level 0 1  
transmiseion 
investment tn 
suppo~ I reiiewal,le 
Iiurcliases 

Ti-:insmission 
rspansion (it 
nccclcd) ni:iy 
 ha\^ imp:ict on 
iesource timing 
and availability 

I t a  nsni ission 

Defined model inputs 0 Optiniizcd mucic1 inputu 
- ~ _  

Figure 6 4  - Strategy Descriptions 
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Strateh77 components were utilized in the modeling in scveral different ways. For example, 
Strategy A has specific defined constraints, such as including no new coal additions and 
1,300 MW oi renewable resource additions. Other components specified timing, such as 
adding nuclear resources no earlier than 2018 and no new coal additions in Strategy B. 
Reactive constraints were also identified, such as the need to build additional transmission 
capacity if imports from reiiewables exceed a certain limit. 

6.2 Resource Portfolios Optimization Modeling 

The generation of resource portfolios was a two-step process. First, an optirniaed 
capacity expansion plan was generated, which was then followed by a financial analysis. 
This process was repeated for each str:itehy/ scenario combination ancl for additional 
sensitivity runs. 

6.2.1 Development of Optiinized Capacity Expansion Plan 

TVA utilized a capacity optimization model, System Optimizer, which is an industiy 
stanciartl softoirare model cleveloped by Vent>-. This model utilized an optimization 
technique where an “objective function” (i.e., total resource plan cost) was rninirnized and 
subject to a number of constraints by using mixed integer linear programming. 

liesources were selected by adding or subtracting assets based on  minimizing the present 
value of revenue recluireriients (PVKK). PVHK represents the cumulative present value of 
total revenue requirements for the study period based on an eight percent discount rate. 
In other worcls, it is the today’s value of all future costs for the study period discounted to 
reflect the time value of tnoney and other factors, such as investment risk. 

In addition, the following constraints were observed: 

0 Balance of supply and demand 

- Energy balance 

* Reserve margin 

0 Generation and transmission operating limits 

0 Fuel purchase and utilization limits 

- Environmental stewardship 

System Optimizer uses a simplified dispatch algorithm to compute production costs. ’The 
model used :t “represcntative hours” approach in which average generation and load 
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values in each representative period within a week were scaled up appropriately t o  span 
all hours of  the week and days of the months. 

Year-to-year changes in the rcsourcc mix were then evaluated and infeasible states werc 
eliminated. The least-cost path (based on lowest PVRR) from a11 possible states in the 
study period was retained in the Draft IRP as the optimized capacity expansion plan. 

6.2.2 Evaluation of Detailed Financial Analysis 

Next, each capacity expansion plan was evaluated using an hourly production costing 
algorithm, which calculated detailed production costs of each plan, including fuel anti 
other variable operating costs. 'I'hese detailed cost simulations provided total strategy 
costs and financial metrics that were used for evaluation of the results. 

This analysis was accomplished using another Ventyx product called Strategic Planning 
(MIDAS). This softwarc tool uses a chronological production costing algorithm with 
financial planning data used co assess plan cost, system rate impacts and financial risk. 
It also utilized a variant of Monte Carlo analysis', which is a sophisticated analytical 
technique that varies important drivers in multiple runs, to create a distribution o f  total 
costs rather than a single point estimate. which allows for risk analysis. The Monte Carlo 
analysis in MIDAS utilized 1.3 key variables. 

The following variables were selected by TVA for the analysis: 

e 

e 

Commodity prices - narural gas, coal, C O , ,  SO, and NOx allowances 

Financial parameters - interest rates and electricity market prices 

0 Operating costs - capital as well as operation and maintenance 

0 Dispatch costs - hydro generation, fossil and nuclear availability 

0 Load forecast uncertainty 

Total PVRR tor each resource plan was calculated taking into account additional 
considerations. These considerations included the cash flows associated with financing. 
The model generated multiple combinations of  the key assumptions for each year o f  the 
study period and computed the costs of each combination. Capital costs for supply-side 
options were amortized for investment recovery using a real economic carrying cost 
method that accounted for unequal useful lives of generating assets. 

'Monte ( , x I ( i  an:tlysis is iilso rckrrcd t o  its stochastic iinalvsis 
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Present value calculations are widely used in business and et:onomics to provide a means 
to compare cash flows at different times on  a meaningfill basis. It also ensures that assets 
with higher capital costs and longer service lives are not unduly penalized relative t o  

assets with lower capital costs and relatively shorter economic lives. 

The short-term rate metric was also calculated and provided an alternative representation 
of the revenue requirements for the 201 1-2018 timefranie expressed per MWh. This metric 
was developed to focus on the near-term impacts to system cost in recognition of TVA's 
current debt cap of 530 billion and the likelihood that the  majority of capital expenditures 
in the short-term' inay have to be funcled primarily from rates. 

6.2.3 Development of Portfolio 

Portfolios are the output of the modeling process described in Section 6.2 - Resource 
I'ortfolios Optimization Modeling, and represent the outcome of  choices made for a given 
view of the fiiture. During the Draft IRP process, an optimized portfolio was developed for 
each of the five planning strategies within each of the six scenarios and for the Reference 
Case: Spring 20 10. The end result was 35 distinct portfolios. Each portfolio represented 
a 20-year capacity expansion plan. The portfolios consisted of assets that represented 
various resource selections and cost characteristics optiiiiizecl to meet TVA's capacity and 
energy needs for the IRP study period. 

Due to the nature of the analysis, certain elements (Le,, emphasis on I I I I D K  and nuclear 
energy) of some strategies remained relatively constant across the scenarios. I lowever, 
other elements (i.e., amount o f  natural gas-fired capacity and market purchases) were 
variable and determined by the interplay between each planning strateby and the scenario 
within which it was analyzed 

6.3 Development of Evaluation Scorecard 

The use of a scenario planning approach, combined with multiple strategies to  be 
considered, resulted in a large number of distinct 20-year resource portfolios that 
required analysis and evaluation. Rather than looking for the best single solution 
contained within a large numher of portfolios, the scenario planning approach looked 
for trends or characteristics common to multiple portfolios with a focus on outcomes 
considered to be successful and the strategies that guided those outcomes. Definition of 
what is considered successful, although difficult, was a key component in the evaluation o f  
the planning strategies. Llevelopmcnt of a scorecard to communicate the success or f'ailure 
of the different portfolios was vital to the su(*c:css of this eva1u;ttion process. 

'prior to 2018 



The iollowing sections describe the creation of the IRP scorecard, including development 
o f  the ranking and strategic metrics Although not part of the scorecard, the development 
o f  a technology innovation narrative is also discussed below. 

6.3.1 Scorecard Design 

Identification of preferred planning strategies in the Draft IRP and development of the 
Recommended Planning IXreccion in the final IKP involved a trade-off analysis. The 
analysis was fowsed on multiple inetrics o f  cost, risk, environmental impacts and other 
aspects o f  TVA's overall mission. 

A scorecard was designed for each strategy and was used to facilitate this trade-off analysis. 
The scorecard template (Figure 6-7) was comprised o f  two sections - ranking metrics 
and strategic metrics. A technology innovation narrative was inclucled apart from the 
scorecard to help identifi. which strategies would be supported by particular technology 
innovations . 

- ......___ ............ .......... ..,.___.".".. .... " . " ~ . . .  
- ...... ......... - .-""-".- 

r- 

...1..._____-. ......... I".- ...... ...-..... .... "-&""..4 ......- 4 " lllll.l-- - ..)_______ .... ____ ............ 

Figure 6-7 .- Planning Strategy Scorecard 

Ranking iMetrics 

Ranking metrics were used to quantify the financial impact of each given portfolio. Two 
metrics, cost and risk, were selected based on their ability to highlight differences between 
the  portfolios. 'Ib further highlight differences, the ranking metric score was calculated as 
a blend of the two metric's scores 

103 



104 

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  - . . . . . . .  

. j 
. . . . . . . . . . . . . .  . . .  - - .. -. .... - _ _  - .. - .... - - ... ....... _ _ _  __  - ._ ....... 

Cost Metric 

Production of the financial metrics PVRR and short-term rates was described in Section 
6 2 1. The cost metric used in the stratebry scorecard combined these two nietrics using 
the following weighted formula: 

Cost = 0.05 J: PVRR + 0.35 :i: short-term rates 

By considering the expected values for I'VRII and short-term rates, 'TVA was able to better 
evaluate the cost and rate implications for various portfolios. The inclusion o f  both 
short-term rates and total revenue requirements helped to facilitate a trade-off analysis o f  
alternative resource plans. 'I'his allowed 1'VA to euplicitly evaluate funding implications, 
consistent with stakeholder concerns regarding increasing rate pressures. 

Risk Metric 

The PVRR risk metric was computed using both a risk ratio and a riskhenefit ratio metric 
for each portfolio, as shown in Figure 6-8. 

Benefit 

95th -- hipccrecl V . h e  

Expected Itilue 
I h l c  Ratio = 

Risk,'Uenefit = 95th - Expected U L I ~  
__I" " 

Rsrro Expected Value - 5th 

i l h  hx pec t ctl V5iii 
\:Llue 

PVRR 

Figure 6-8 - Financial Risk Metrics 
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The risk metric used in the stratehy scorecard combined these two metric~ using the 
following weighted formula. 

Risk = 0.65 * risk ratio -k 0.35 * riskbenefit ratio 

The risk ratio was expressed as the ratio of the difference between the 95th percentile of 
PVRR from the stochastic analysis and the expected value It is a measure of the absolute 
”size” of the risk relative to the expected cost under each strategy within each scenario. A 
higher value signifies a portfolio with a relatively higher level of risk. The riskhenefit ratio 
captured the “r isk of a portfolio by examining the potential of exceeding the expected 
PVRR compared to the benefit of not exceeding the expected PVKK, expressed as a ratio. It 
compared the potential risks and the potential benefits of a strate&? to determine whether 
or not the “risks and rewards” bahnce wab weighted in favor of the customer 

Ranking Metric Score 

The ranking metrics score combined the cost and risk inetrics using the following 
weighted formuia. 

Ranking metrics score = 0.65 ‘$ cost -t 0.35 ’h risk 

This metric allowed evaluation of the interaction between financial risks and overall plan 
cost. For example, desirable low costs may require accepting a greater risk exposure, or  
to achieve an acceptable level of financial risk may mean selecting a pian with costs that 
are slightly higher than the least-cost option. ‘I’he trade-offs required to balance these 
competing objectives helped identify the preferred planning strategies in the Draft 1KP 
and the Recommended Planning Direction in the final IW. 

Strategic Metrics 

Strategic metrics developed to  consicler other parts of WAS mission were pired 
with ranking metrics to complete the IRP scorecard. Two strategic nietrics were 
developed - eiivironrnental stewardship and economic impact. 

Environmental Stewardship Metric 

l’he environmental stewardship metric was developed to evaluate air, water and waste 
impacts. In t he  air metric evaluation, CO,, SO,, NOx and Hg emissions were calculated 
for each portfolio. Emissions trends for SO,, NO, and Ilg were steeply reduced because 
all cases chose large levels of coal-fired unit idling (2,000-7,000 MW) and controlled (90 
percent or better emission removal rates) operating units in the future. For simplicity, the 
air metric was representcd as a CO, impact footprint Factor (znnual average tons) because 
similar trend lines were tracked in all cases for CO,. N o  additional significant insight was 
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,pined using all air emissions as opposetl to using only C O , .  Therefore, the air metric is 
represented as a CO, impact "footprint" tactor (annual average tons) 

The water component of the environmental stemwdship metric represents the thermal 
load produced through the conctenser cooling cycle from steam genertlting plants to 
measlire thermal impacts to the environment. The water impact was estimated based on  
the total heat dissipated by the condenser in the generation cooling cycle. 

in  achtition to air and water impacts, certain generation sources produce waste streams 
that require disposal. 'I'he waste component used in this analysis focused o n  coal and 
nuclear generation. which are the primary sources of waste streams. 'I'he \rolumetric and 
disposal costs were used to better normalize ctifferencxs in mass generated (tons) \Il/aste 
streams that were estimated included coal ash, flue gas desuIfiirization/scfubber waste and 
high- and low-level nuclear waste 

The final evaluation criteria for both water and waste relied on surrogate measures as a 
proxy for environmental inipacts. Both provided a reasonable and balanced method for 
evaluating planning strategies when compared with other components Additional detail 
on the environmental stewardship metrics is in Appendix A - Method for Computing 
Environmental Impact Metrics. 

Economic Iinpact Metric 

liconomic impact metrics were included to provide an indication o f  the impact of each 
strategy on tlie general econonzic contlitions in the Tennessee Valley region. The economic 
metrics were represented by total employment and personal income. These nietrics were 
compared to the impacts of Strateg B - Baseline Plan Resource Portfolio, in Scenario 7. 

The IRP study defined economic impact as growth in regional economic activity 
Measurement criteria included total personal income in "constant" dollars (i e. ,  with 
inflation accounted for) and total employment. These provided measures for the effects 
of the various planning strategies on the overall, long-term health and welfare of the 
economy over the next 20 years. This analysis concentrated on  changes to the welfare of 
the general economy due to the strategies. It did not address changes to tlie distribution 
of income or employment. 

In general, the greater the direct regional expenditures associated with a particular 
portfolio, the inore positive were the effects on the regional economy This ('an be offset 
by the fact that higher rates caused by higher costs have a negative effect on the regional 
economy. Thus, a resource portfolio that has high expenditures in the Tennessee Valley 
region may also have high costs and high rates. 



The economic impact nietrics for a particular planning stratchy could be positive or 
negative depending on the net sum of the expenditure effects and the cost effects. More 
details about the methodolocgy used to deterriiine the economic impact metrics for the 
planning strdtegies is in Appendix E3 - Method for Computing Economic Metrics. 

Scorecard Calculation and Color Coding 

The ranking nietrics in the scorecard for this IRP were expressed in terms of a 100-point 
score while ensuring that the relative relationship between the actual values for each 
portfolio in the strategy was maintained. The following process was used to compute 
the scores: 

* Actual values of ranking metrics (i.e., PVRR, short-term rate impacts) were 
converted to a relativc: score on a 100-point scale. This tvpc of scoring helped to 
assess and prioritize risk and identify the best possible solution 

* The highest ranked (“best”) value received a 100 

* The rest of the scores were based on  their relative position to the “best” value 
(e.g., a value that is 7 5  percent of tlie “best” would receive a 75) 

* A color-coding method was used to assist in visual comparison of portfolio 
results. The codiiig was done within a given scenario. The “best” value for each 
metric was coded green. the “worst” value was coded recl anti the values in 
between were shown with a shaded color that corresponded to the relationship 
of the score values 

An example of tlie translation from actual values to ranking metric scores is shown in 
Figure 6-9“ The figure shows the conversion for the short-term rate metric. 
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Carbon Dioxide Regulatory Compliance Scenarios 

Table 7.2 shows the four C02 tax scenarios developed for the IRP. The Medium and High 
scenarios reflect C02 price trajectories contained in recent federal greenhouse gas emission 
policy proposals, and assume a 2015 start date. The Medium scenario assumes a starting cost of 
$19 per short ton (2015 dollars) beginning in 2015, with 3 percent annual real escalation plus 
annual inflation. The High scenario assumes a starting cost of $25 per short ton (2015 dollars) 
beginning in 2015, with 5 percent annual real escalation plus annual inflation. The Low to Very 
High scenario assumes a starting cost of $12 per short ton (2015 dollars) beginning in 2015, with 
3 percent annual real escalation plus annual inflation through 2020; beginning in 2021, the cost 
escalates at an 18% annual escalation rate plus inflation. Figure 7.3 is a comparison of the three 
C02 tax trajectories. 

Table 7.2 - COZ Tax Scenarios 
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2015 
2016 
2017 
2018 
2019 

Figure 7.3 - Carbon Dioxide Price Scenario Comparison 

56,968 51,075 ~ 

55,934 .- 49,838 
54,900 48,60 1 
53,866 41,364 
52,832 46,127 

. .  > . .  

PacifiCorp also modeled two CO2 system emission hard caps scenarios as alternate compliance 
 mechanism^.^^ Two emission cap scenarios were developed: 

0 

0 

Base: 15 percent below 2005 levels by 2020, and 80% by 2050 
Oregon: 10 percent below 1990 levels by 2020-the Oregon target in H.B. 3543----and 80 
percent below by 2050 

The hard caps go into effect in 2015. Table 7.3 shows the hard cap emission limits for each 
scenario. 

Table 7.3 - Hard Cap Emission Limits (Short Tons) 

’’ The Public Utility Commission of Oregon’s 2008 IRP acknowledgment order (Order No. 10-066 under Docket 
No. L,C 47) included a requirement to provide analysis of potential hard cap regulations. 
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Base Emission Limits 
(15% below 2005 Levels 

80% by 2050) 
Year by 2020; 

Oregon H.B. 3543 Emission 
Limits 

(10% below 1990 Levels by 
2020; 80% by 2050) 

2020 I 5 1,798 44,890 

For representing COz emissions associated with firm market purchases and system balancing 
spot market transactions, PacifiCorp's reporting protocols for calculating its greenhouse gas 
inventory requires using the EPA's e-Grid sub-region output emission factors for unspecified 
market transactions. Consequently, the C02 emission rate of 902 lbs/MWh is applied for the 
Mid-Columbia, COB, Mona, and Mead markets, and 1,300 lbs/MWh is applied for the Palo 
Verde and Four Comers markets. 

2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2050 

When modeling a hard cap in System Optimizer, the model generates shadow emission prices in 
order to meet the hard cap. For example, if the hard cap is not met then the shadow price is 
increased to decrease the output of the emission-producing stations. These shadow prices are 
imported into the PaR model to simulate emission-constrained dispatch. Table 7.4 shows the 
shadow prices generated for the four hard cap cases. The medium CO:! tax is also used for hard 
cap cases to reflect assumed regional or federal emission prices that impact wholesale electricity 
and gas commodity prices used for portfolio modeling. Note that for PaR portfolio cost 
reporting, PacifiCorp applied the COz tax values to emission quantities rather than the System 
Optimizer shadow costs to maintain cost cornparability among the portfolios. 

49,157 42,562 
47,837 41,398 
46,5 16 40,235 
45,196 39,07 1 

37,907 
42,555 36,743 
4 1,235 35,579 
39,9 15 34,416 

___ 38,594 33,252 
12,188 9,976 

.-_I 43,876 .- 

Table 7.4 - CO2 Emission Shadow Costs Generated by System Optimizer for Emission 
Hard Cap Scenarios 
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2024 
2025 
2026 
2027 
2028 
2029 
2030 - 

34 57 85 75 
38 60 91 75 
47 64 94 77 
47 62 95 73 
51 71 108 ~ 83 
63 75 114 101 
47 61 78 78 

The Public TJtility Commission of Oregon, in their IRP guidelines, directs utilities to construct a 
base-case scenario that reflects what it considers to be the most likely regulatory compliance 
future for COZ, as well as alternative scenarios “ranging from the present CO:! regulatory level to 
the upper reaches of credible proposals by governing entities.” Modeling portfolios with no C02 
cost represents the current regulatory level. The Medium scenario was considered the most likely 
regulatory compliance scenario at the time that IRP C02 scenarios were being prepared and 
vetted by public stakeholders (early fall of 2010). Given the late-2010 collapse of comprehensive 
federal energy legislation and loss of momentum for implementing federal carbon pricing 
schemes, there is no “likely” regulatory compliance future at the present time (notwithstanding 
the U.S. EPA’s GHG initiative to revise New Source Performance Standards for electric 
generating units.) PacifiCorp believes that its C02 tax and hard cap scenarios reflect a reasonable 
range of compliance futures for meeting the Public Utility Commission of Oregon scenario 
development guideline given continued uncertainty. In particular, it should be noted that the hard 
cap shadow prices for Case 15 exhibit a more moderate trajectory than the Medium scenario, 
effectively providing a ‘‘1owy~ CO:! tax case for portfolio evaluation. 

$ Case Definition 1 

The first phase of the IRP modeling process was to define the cases (input scenarios) that the 
System Optimizer model uses to derive optimal resource expansion plans. The cases consist of 
variations in inputs representing the predominant sources of portfolio cost variability and 
uncertainty. PacifiCorp generally specified low, medium, and high values to ensure that a 
reasonably wide range in potential outcomes is captured. For the 2011 IRP, PacifiCorp 
developed a total of 49 cases. 

PacifiCorp defined three types of cases: Energy Gateway scenario evaluation cases, core cases, 
and sensitivity cases. Energy Gateway scenario evaluation cases were designed to help 
PacifiCorp’s transmission planning department evaluate four Energy Gateway expansion options 
based on System Optimizer portfolio modeling results. These 16 cases supplement other Energy 
Gateway economic analysis conducted with the IRP models, profiled in Appendix C. 
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Core cases focus on broad comparability of portfolio performance results for four key variables. 
These variables include (1) the level of a per-ton CO2 tax, (2) the type of CO2 regulation-tax or 
hard emission cap, (3) natural gas and wholesale electricity prices based on PacifiCorp’s forward 
price curves and adjusted as necessary to reflect CO2 tax impacts, and (4) extension date for the 
federal renewables production tax credit. The Cornpany developed 19 core cases based on a 
Combination of input variable levels. The core case group includes a 201 1 business plan 
“reference” portfolio. This portfolio consists of fixed wind and gas resources for 201 1 through 
2020, reflecting the major generation projects in the business plan. Also included are four hard 
cap cases. Because these cases simulate physical emission constraints as opposed to generator 
emission costs, they do not have emissions profiles comparable to the other portfolios. 

In contrast, sensitivity cases focus on changes to resource-specific assumptions and alternative 
load growth forecasts. The resulting portfolios from the sensitivity cases are typically compared 
to one of the core case portfolios. PacifiCorp developed 14 sensitivity cases reflecting evaluation 
of existing coal plant operation, alternative load forecasts, alternative renewable generation cost 
and acquisition incentives, and demand-side management resource availability assumptions. 

In developing these cases, PacifiCorp kept to a target range in terms of the total number (low 
50s) in light of the data processing and model run-time requirements involved. To keep the 
number of cases within this range, PacifiCorp excluded some core cases with improbable 
combinations of certain input levels, such as a high C02 tax and high load growth. (With a high 
CO:! tax, a significant amount of demand reduction is expected to occur in the form of energy 
efficiency improvements, and utility load control programs.) 

PacifiCorp also relied heavily on feedback from public stakeholders. The Company assembled 
an initial set of cases in July 2010, and introduced them to stakeholders at the August 8, 2010, 
public input meeting. Subsequent updates based on stakeholder comments and Company 
refinements were reviewed at public input meetings held October 5 and December 15, 2010. 
One of the key messages from stakeholders was to ensure that the range of cases generate a 
diverse set of resource types.54 

Table 7.5 profiles the portfolio development cases specifications. Reference nurnbers in the table 
headings and certain rows correspond to notes providing descriptions of the case variables and 
explanatory remarks for specific cases that follow the table. 

54 PacifiCorp’s &I’ piblic Drowss IRP V\~c:h pwc‘ includes links to documentation on portfolio case development 
and how stakeholder comments were addressed. 
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Ccisc? Delinitiort iVoks 
1. 

2. 

3. 

The carbon dioxide tax is a variable cost adder for each short ton of CO2 emitted by 
PacifiCorp’s thermal plants. The CO2 tax for market purchases is incorporated in the 
electricity price forecast scenarios as simulated by MIDAS, a regional production simulation 
model that is described later in this chapter. These marginal wholesale electricity price 
forecasts, by market hub, are then fed into System Optimizer. The hard cap is a physical CO2 
emissions limit placed on system generation and purchases. 

The high, medium, and low natural gas price forecasts are based on a review of multiple 
forecasting service company projections, and incorporate the C02 tax assumptions associated 
with the case definitions. Details on the price forecasts and supporting methodology are 
provided later in this chapter. 

The main purpose of the alternative load forecast cases is to determine the resource type and 
timing impacts resulting from a structural change in the economy. The focus of the load 
growth scenarios is from 2014 onward. The Company assumes that economic changes begin 
to significantly impact loads beginning in 2014, the currently planned acquisition date for the 
next CCCT resource. For the low economic growth scenario (Case 2 3 ,  another economic 
recession hits in 2014. For the high economic growth scenario (Case 26), the economy is 
assumed to fully recover from the current recession by 2014 and significantly expand 
beginning at that point. Low and high load forecasts are one-percent decreases arid increases, 
respectively, for economic drivers, relative to the Medium forecast. PacifiCorp developed the 
“high peak demand” forecast by assuming one-in-ten ( 10 percent probability of exceedence) 
high temperature loads. Figure 7.4 shows the low, high, and high-peak load forecasts relative 
to the medium case. Note that the capacities reflect loads before any adjustments for demand- 
side management programs are applied. See Appendix A for a detailed description of the 
forecast scenarios. 

Figure 7.4 - Load Forecast Scenario Comparison 
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Year 

4. 

5. 

6. 

Bingaman Waxman-Markey (H.R. 2454) 
Current RPS I, ’ Compliance Renewable Compliance Renewable 
(System Basis) Target Percentage Target Percentage 2~ 

The “PTC extension to 2015” assumption is consistent with PacifiCorp’s 201 1 business plan. 
The “PTC extension to 2020” assumption was recommended by a public stakeholder. 

2015 
2016 
2017 
2018 
2019 
2020 
202 1 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

A wind integration cost of $5.38/MWh (versus $9.70/MWh as reported in PacifiCorp’s wind 
integration study dated September 1, 2010) was used for the alternative wind integration cost 
case as recommended by Renewable Northwest Pro,ject based on their independent analysis. 
The PTC is assumed to expire by 2015 for the alternate wind integration cost case. 

7.1% 
-- 0.0% 3.0% 2.3% 13.0% - 9.8% 

0.0% 3.0% 2.3% 13.0% 9.8% 
0.0% 6.0% 4.5% 16.5% 12.4% 
0.0% 6.0% 4.5% 16.5% 12.4% 
0.1% 6.0% 4.5% 20.0% 15.0% I 

2.0% 9.0% 6.8% 20.0% 15.0% 
2.2% 9.0% 6.8% 20.0% 15.0% . 
2.2% 12.0% 9.0% 20.0% 15.0% 
2.3% 12.0% 9.0% 20.0% 15.0% 
3.2% 15.0% 11.3% 20.0% 15.0% 
3.2% 15.0% 1 1:3% 20.0% 15.0% 
3.2% 15.0% 11.3% 20.0% 15.0% 

,_ 3.2% 15.0% 11.3% 20.0% 15.0% 
3.1% 15.0% 11.3% 20.0% 15 .O% 
3.2% 15.0% 11.3% 20.0% 15 .O% 

_I 

0.0% ”- 3.0% 2.3% 9.5% 

The current RPS assumption is a system-wide requirement based on meeting existing state 
RPS targets under the Multi-State Protocol Revised Protocol. States with applicable resource 
standards include California, Oregon, Washington, and Utah. The table below shows the 
incremental system renewable energy requirement after accounting for state eligible 
resources acquired through 2010. Based on RPS compliance analysis using the compliance 
targets proposed by Senator Jeff Bingaman, along with PacifiCorp’s eligible renewable 
resources through 2010, PacifiCorp would comply with this federal RPS proposal until 2030. 
The federal RPS scenario assumes the higher Waxman-Markey (H.R. 2454) targets that 
passed the U.S. House of Representatives in June 2009. This RPS scenario was used for 
Energy Gateway and 201 1 IRP preferred portfolio scenario analysis. Table 7.6 below 
compares the Bingaman and Waxman-Markey combined renewables/electricity savings 
compliance targets and the renewable-only targets estimated by PacifiCorp. 

Table 7.6 - Comparison of Renewable Portfolio Standard Target Scenarios 

A high achievable percentage assumption of 85 percent for DSM programs applies to all 
portfolios. The Cadmus Group’s base achievable assumption for the 2007 DSM potential 
study, prior to Company adjustment, was 55 percent. 
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7. For sensitivity Case 31, System Optimizer is allowed to select price-responsive DSM 
programs. These programs, outlined in Chapter 6, include residential time-of-use, 
commercial/industrial real-time pricing, commercial/industrial demand buyback, 
commercial/industrial load curtailment, commercial critical peak pricing, and mandatory 
irrigation time-of-use rates. 

8. This assumption is intended to meet the Public Service Commission of Utah’s DSM 
evaluation requirements. DSM is modeled based on technical potential. 

9. PacifiCorp modeled a Washington-only conservation voltage reduction (CVR) resource 
based on estimated energy savings and costs for 19 distribution feeders analyzed as part of a 
consultant The sensitivity analysis serves as a proof-of-concept test for future 
resource modeling. The levelized cost and resource capacity by Washington topology bubble 
is shown in the following table: 

I Yakima 0.403 I 
I /  Costs exclude credits applied to meet Initiative 937 methodology 
requirements documented in Chapter 6 .  

10. This case is intended to meet the Public Service Commission of Utah’s distributed solar 
evaluation requirements. For Case 30, Utah roof-top PV resources were modeled with a 
program incentive cost (capital cost) of $1,744/kW, which includes a 14 percent 
administrative and marketing cost gross-up. For Case 3Oa, the resources were modeled with 
a program cost of 2,326/kW, including the 14 percent administrative and marketing cost 
gross-up. Resource potential in Utah is 1.2 MW per year, reaching 24 MW by 2030.56 

11. The five coal plant utilization sensitivity cases are designed to investigate, as a modeling 
proof-of-concept, the impacts of COI, cost and gas price scenarios on the existing coal fleet 
after accounting for: incremental environmental compliance, fueling, decommissioning, and 
coal contract liquidated damages, as well as recovery of remaining plant depreciation. 
System Optimizer is allowed to select the optimal coal plant shut down dates. This study is 
limited to CCCT replacement resources with an earliest in-service date of 2016. The 
simulation period covers 201 1 through 2030. More details on specification of the coal plant 
utilization model set-up are provided later in this chapter. 

55 The study was conducted by a consulting team led by Commonwealth Associates, Inc. The modeled resource 
reflects preliminary findings of the study. The consulting team applied the Distribution Efficiency Initiative (DEI) 
average Pacific Northwest conservation load shape to the 19 distribution feeder efficiency measures to derive hourly 
energy savings for use by System Optimizer. DEI was a three-year study initiated in 2005 by the Northwest Energy 
Efficiency Alliance to investigate the cost-effectiveness of distribution efficiency and voltage optimization 
measures. 
56 Resources are modeled by topology bubble. The lJtah solar PV resource was located in the Utah North bubble, 
which includes a portion of Idaho and southwestern Wyoming. The total solar PV capacity potential per year for 
1Jtah North is 1.3 MW, consisting of 1.2 M W  for Utah, 0.18 M W  for Wyoming, and 0.07 MW for Idaho. 
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Gateway Central 
(Populus-Terminal and 

M ona-Oquirrh) 

Sigurd -Red Butte 

Harry Allen Upgrade 

12. Energy Gateway transmission scenarios are defined by including certain transmission 
expansion segments. Table 7.7 shows the segments assigned to the Energy Gateway 
scenarios. Capital costs for each scenario included in System Optimizer are also shown. 
PacifiCorp ultirnately developed 32 portfolios reflecting the base RPS assumption and the 
higher Waxman-Markey targets (Cases designated with a ''-MrM" extension). Modeling 
assumptions, transmission maps, and results are provided in Chapter 4. 

Gateway Central Gateway Central Gateway Central 

Sigurd -Red Butte Sigurd -Red Butte Sigurd - Red Butte 

Harry Allen Upgrade Harry Allen IJpgrade Harry Allen Upgrade 

For the Base scenario, both the Populus - Terminal and Mona - Oquirrh projects have a 
Certificate of Public Convenience and Necessity (CPCN). The Sigurd - Red Butte and Harry 
Allen projects are not considered transmission resource options because they are 
reiiability/grid reinforcement investments necessary for serving southwestern Utah loads, and 
not justified based on supply-side resource expansion elsewhere on the system. The 
"Hemingway - Boardman - Cascade Crossing" transmission project is treated as a resource 
option in Scenario 3 due to the dependency on the Populus - Hemingway segment. 

Table 7.7 - Energy Gateway Transmission Scenarios 

1,776 I 3,329 I 4,609 I 5,888 

13. Two portfolios were developed for Case 9. The portfolio for Case 9 is a conventional 20-year 
System Optimizer run. Portfolio 9a represents the outcome of two System Optimizer runs; 
the first run was a 12-year run, while the second run was a 20-year run with the resources 
fixed for the first ten years based on the 12-year run. (The 12-year run mitigates the 
optimization period end effects that would be present on a ten year run.) These portfolios are 
intended to support analysis required in the Public 'IJtility Commission of Oregon's 2008 IRF' 
acknowledgment order (Order No. LC 47). They also support the Oregon Commission's 
"Trigger Point Analysis" IRP standard (Order No. 08-339). 
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2. Plannina Scenarios Ameren Missouri 

Ameren Missouri consulted Charles River Associates (CRA) to help determine the 
critical factors that should define the planning scenarios, elicit subjective probabilities 
from Ameren Missouri experts about those variables, and then model those scenarios 
with their integrated environmental and economic model. Based on prior modeling 
experience, three interactive variables were chosen to define scenarios and are 
expected to have the largest impact on future resource choices: carbon policy, natural 
gas prices, and load growth. Based on the outcomes of the expert interviews, Ameren 
Missouri adopted 10 scenarios to represent the uncertainty of the three critical 
variables. CRA modeled each scenario to provide the necessary internally-consistent 
inputs for further IRP analysis. The load forecasts for Ameren Missouri, as seen in 
Chapter 3, were developed to be consistent with the same uncertainty expected by 
internal experts and on which the planning scenarios were based. Chapter 9, Modeling 
and Risk Analysis, discusses the details of how the scenarios were used to judge the 
performance of alternative resource plans as well as the results of further sensitivity 
analysis of additional uncertain factors. 

# I  s 
The building and analysis of several “scenarios” of key future market outcomes for 
national-scale variables is the starting point for the evaluation of resource plans, and the 
first step of the risk analysis. These scenarios make up a “probability tree,” meaning 
that each scenario has a probability associated with it, and that the scenarios as a 
group were developed to span a full probable range of relevant market outcomes. The 
probability tree is developed to describe multiple combinations of critical uncertain 
factors that have interrelated (or “dependent”) impacts on projections of multiple energy 
and environmental variables. The “critical” variables comprising the probability tree are 

__ 
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those for which reasonably likely alternative forecasts could significantly sway the 
evaluation of candidate resource plans. 

For each scenario in the probability tree, Ameren Missouri must have “integrated” sets 
of forecasts of the “nationally-defined” inputs to IRP calculations of resource plan 
revenue requirements. In this context, the term “integrated” denotes that all of the 
individual variable projections for a particular scenario are mutually consistent with one 
another, which requires a model with the ability to simultaneously simulate interactions 
in fuel and energy markets, electricity generation system operation, non-electricity 
sector outcomes, macroeconomic activity levels, and sector-specific responses to 
emissions limits. 

The term “nationally-defined” denotes that the projected outcome is determined by 
supply and demand events that occur on a scale larger than that of Ameren Missouri or 
its territory, and would apply to such variables as U.S. electricity demand. Charles 
River Associates’ (CRAs) MRN-NEEM model, a computable general equilibrium 
representation of the full U.S. economy integrated with a dispatch model of individual 
electricity generating units, satisfies both of the above criteria. By simulating each 
scenario as an MRN-NEEM model run, Ameren Missouri can produce integrated, 
nationally-defined projections of the inputs to the detailed, system-level IRP evaluations. 

In the Sensitivity Analysis step of the IRP risk analysis, other uncertain variables are 
evaluated and the critical independent uncertain factors are identified and then added to 
the scenario probability tree. As the name implies, independent uncertain factors are 
those whose impacts on multiple energy and environmental projections are not 
regarded as interrelated. This topic is discussed in detail in Chapter 9. 

To determine which variables should 
comprise the probability tree and to 
determine the associated probabilities, 
Ameren Missouri consulted the firm 
Charles River Associates (CRA) to 
assist. Although Ameren Missouri 
developed a list of 22 candidate 
uncertain factors, as seen in Table 2.1 ,’ 
the relevant variables for this step are 
those which are subject to a range of 
uncertainty within which different values 

Table 2.1 Candidate Uncertain Factors 

1 Proiect Cost I Return on Euuitv 1 
j Proiect: Schedule 1 Hclurlv Price ShaDes I 
1 Purchased Power I Power Price Volatilib 1 
1 Emissions Prices 1 Nuclear Incentives I 
1 Fixed 0&M I Wind CarsacitV Factor/ 
1 Forced - Outage . .. Rate _ _ _ _ _  1 Solar __ Capacity . I _ _  Factor] 

might significantly sway the evaluation of 1 DSM Load 1 Transmission 1 
Interconnection costs 1 

’ 4 CSR 240-22.070(2); 4 CSR 240-22.070(’1 l)(A)2.; 
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resource plans (i.e., can be critical to the resource plan decision), and that are 
nationally-defined in scope. Identifying individual variables rather than complex 
packages of multiple variable outcomes facilitates the expert elicitation process 
described in the next section of this chapter. The various combinations of these critical, 
nationally-defined variables, and their associated likelihoods, will form the scenarios 
represented in the final probability tree. Each of these scenarios will be analyzed as 
an MRN-NEEM model run, which will produce internally-consistent, integrated 
projections of key IRP inputs to the standard Ameren Missouri system-level analysis of 
resource plans. 

Following a review of the results and assumptions from previous analysis between 
Ameren Missouri and CRA, including that performed for Ameren Missouri’s 2008 IRP, it 
was determined that the appropriate variables for probability elicitation were: load 
growth, carbon policy, and natrual gas prices. 

Four other variables were also considered to be potential components of the scenario 
probability tree2. It was determined that the IRP decisions would not be as sensitive to 
these three variables for the reasons explained below: 

0 Gross Domestic Product (GDP) - It was determined that uncertainty in this 
variable would affect IRP outcomes primarily in the way it would affect other 
critical variables, particularly electricity demand growth and natural gas prices, 
and thus the IRP-relevant aspects of GDP uncertainty could be folded into the 
latter two uncertainty representations; 

0 Lower coal prices - Lower coal commodity prices would tend to be offset by 
carbon prices under a world with a carbon cap, which we expected would play a 
high-probability role in the IRP tree. Also, because Ameren Missouri is not 
modeling new uncontrolled coal as a resource option, the range of uncertainty 
expected in coal prices is unlikely to substantially affect the choice among the 
non-coal IRP alternatives; 

0 Construction costs - Although this variable is expected to influence resource 
selection it was evaluated as an independent uncertainty in the risk analysis. 
Construction costs do not have strong interrelated effects compared to the other 
variables being considered; 

0 3-P Emission Prices3 - Modeling results indicate that, unlike for carbon, wide 
variations in “3-P” (mercury, SO2, NOx) emissions prices have very little impact 
on IRP-relevant inputs and outputs. The determination to exclude variations in 3- 

EO-2007-0409 - Stipiilation and Agreement #35; 4 CSR 240-22.070(2) 
4 CSR 240-22.040(8)(D)2. 

201 1 Integrated Resource Plan Page 3 



Ameren Missouri 2. Plannina Scenarios 

P policy from the scenario tree was based upon sensitivity analysis conducted for 
Ameren Missouri’s 2008 IRP, in which variations in CAlR and CAMR caps 
produced insignificant changes to critical IRP drivers. At the time when CRA and 
Ameren Missouri discussed what variables should be included in the scenario 
tree both CAlR and CAMR had been remanded, and the form of any replacement 
legislation was very unclear. For mercury, the political backdrop was gravitating 
strongly towards a MACT approach and away from cap-and-trade, so the 
decision was to institute a two-phase mercury reduction requirement (the move 
to MACT also meant that there was no longer going to be an allowance price for 
Mercury). However, lacking a specific legislative alternative to CAIR, the CAIR 
SO2 and NOx caps were simulated as originally written. After the MRN-NEEM 
analysis was completed, the EPA proposed the Clean Air Transport Rule (CATR) 
to replace CAIR, with more stringent caps. Simultaneously, momentum has 
gathered behind SO:! and NOx MACT requirements triggered by new hazardous 
air pollutant (HAP) rules. CATR would likely produce higher SO2 and NOx 
allowance prices, but any resulting impacts on critical IRP drivers would not be 
more influential than the impacts caused by carbon policy, natural gas prices, 
and load growth. In addition, if CATR were to be paired with MACT requirements 
for both SO2 and NOx, then allowance prices for SO2 and NOx might be elevated 
for one or two years, but would then collapse as all units would be required to 
add controls thereby making the caps non-binding. Later in the risk analysis 
Ameren Missouri evaluated more stringent environmental regulations to model 
the effects on existing plants and the resultant impact on resource needs. 

I! it& 
The appropriate individual to assign subjective probabilities is the decision-maker or the 
person(s) that the decision-maker designates as the best expert(s). Ameren Missouri’s 
management identified several in-house experts to provide the probability distributions 
for each critical dependent uncertain variable. (Later, senior Ameren Missouri 
management (the decision-maker) reviewed the resulting subjective probabilities and 
their basis, and approved them for use in the IRP risk analysis). 

CRA structured each probability elicitation session following key principles of sound 
probability encoding techniques. The process had the following structure. 

0 First, the purpose of the elicitation process -to minimize natural cognitive biases 
- was explained, as was the planned use in the IRP of information that would be 
the subject of the interview. Potential areas of motivational bias were also 
explored before starting each elicitation. (CRA did not detect any concerns in 
this regard.) 
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0 Next, the variable to be encoded was defined. The interviewer encouraged the 
expert to describe events and contingencies that would affect his expectations 
about the outcome of the uncertain variable. If it became apparent that the 
expert found that the full uncertainty was too complex to analyze as a whole, the 
interviewer broke it down into a set of simpler constituent parts, following the 
structure described by the expert. The formal elicitation was then performed on 
the various contingent variables. (After the completion of the elicitation, CRA 
reconstructed the overall probability distribution from the contingent elements 
and their respective probabilities.) 

e Third, the interviewer had the expert identify the specific units for each variable to 
be encoded, conducted a sequence of “conditioning” questions intended to 
lessen some common sources of cognitive biases, and used a variety of 
probability elicitation techniques to obtain quantitative statements that, as a 
group, described the expert‘s subjective views on the probability distribution for 
each variable in question. 

e At the conclusion of each interview, CRA showed the expert the produced 
probability distributions and recapped the experts’ general thinking that explained 
the ranges, areas of likelihood, and contingencies. In each case, CRA verified 
that these were representative of the expert’s beliefs before completing the 
interview. 

There were two experts assigned to each variable. Each was interviewed separately. 
Such multi-expert elicitations invariably result in different views; indeed, the ability to 
observe these differences of views is one of the benefits of soliciting information 
separately from more than one expert. After both had been interviewed, CRA 
summarized the responses of the two into a comparative format, which was then 
presented in a conference call to the two individuals together. 

Where differences were most pronounced, CRA used the statements from the 
interviews to highlight what seemed to be the differences in information or perspectives 
explaining the differences. Discussion of these differences was encouraged, following 
which the experts were given the opportunity to amend their views in light of the 
additional discussion. CRA also provided a probability distribution that com bined their 
separate views using equal weights, which could be used in the IRP process, once each 
expert was fully satisfied with his own individual probability distribution. In this way, 
CRA developed a single probabilistic statement of potential outcomes for each of the 
three critical variables that Ameren Missouri’s in-house experts agreed was a fair 
representation of their individual sense of the uncertainty, and the range of opinions 
across the experts within Ameren. The details and results of those elicitations can be 
found in Chapter 2 - Appendix A. 
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Ibs/MWh). NOx emission rates, on the other hand, are rather less dependent on the 
type of coal being used, and are assumed solely determined by generation technology. 

NEEM assumes C02 emission rates of 205.3 to 215.4 Ibs/MMBtu (depending on the 
type of coal) for coal-based capacity, with CCS technology achieving a 90% reduction in 
C02 emissions. The C02 emissions for natural gas-fired combined cycle (CC) and 
combustion turbine (CT) units are assumed to be 11 6.7 Ibs/MMBtu. NOx emission rates 
range from 0.02 Ibs/MMBtu (CC) to 0.08 Ibs/MMBtu (CT) among emitting new unit 
types. These rates, in terms of energy input, are then multiplied by the fully loaded heat 
rate to produce the emission rates of Table 2.8, given in terms of the electricity 
produced. 

To clarify, consider the C02 emission rate given below for IGCC with CCS capacity. 
NEEM assumes that this technology captures and sequesters 90% of the 212.7 pounds 
of C02 emitted per unit of energy input. Thus, the rate of C02 released into the 
atmosphere from a coal with CCS generator is 21.27 Ibs/MMBtu. NEEM assumes a 
heat rate of 9.713 MMBtu/MWh for this capacity type. As a result, the emission rate for 
coal with CCS units is equal to the product of 21 2 7  Ibs/MMBtu and 9.71 3 MMBtu/MWh, 
equal to 207 Ibs/MWh. 

The cost of mitigating the emissions of a particular pollutant is dependent upon the 
emissions rate and the market price of an emissions allowance, Ct. In the cap-and- 
trade scenarios, the market price of C02 is represented by a simple CO2 price. Recall 
that there is no explicit price on C02 emissions in the Federal Energy Bill, Moderate 
EPA Regulation, and BAU branches of the probability tree. 

Similarly, this analysis does not simulate the disbanded CAMR cap-and-trade scheme 
for mercury emissions, and, in turn, does not produce allowance prices for mercury. 
For SO2 and NOx emissions, however, NEEM estimates allowance prices against all 
existing environmental regulations in fully-functioning allowance price markets. These 
are: 

0 Title IV/Clean Air Interstate Rule (CAIR) for SO2 - Title IV melds into the CAlR 
SO2 program beginning in 2010 when units in the CAlR region (including units in 
Missouri) are required to submit two allowances for every ton emitted. This 
increases to 2.86 allowances per ton emitted in 201 5 and beyond; 

CAlR Ozone Season NOx - the CAlR Ozone Season NOx program began in 
2009 for much of the Eastern United States including Missouri, with a second, 
tighter cap scheduled for 2015 - this cap is applicable for the summer months of 
May through September; 
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0 CAlR Annual NOx - the CAIR Annual NOx program began in 2009 for much of 
the Eastern United States including Missouri, with a second, tighter cap 
scheduled for 201 5. 

NEEM dynamically calculates allowance prices for SO2 and NOx emissions subject to 
each of the above constraints. In general, if an emissions cap is binding at any point 
during the model horizon, the allowance price is equal to the marginal cost of abating 
one more pound or ton of pollutant. 

NEEM allows for banking, so emissions in a given 
year do not necessarily match the prescribed 
annual limits of the program, as given in Table 2.9. 

The degree to which the prescribed caps are 
binding (i.e., the level of emissions), combined with 
optimal ban king choices, sets the equilibrium 
allowance price. NEEM determines unit-level 
emissions for SO2 and NOx based on unit-specific 

Table 2.9 SO2, NOx, and Hg 
Emissions Limits 
I E 0 2  I 1 

fuel choices, existing equipment, retrofit choices, and dispatch, the details of which are 
described below. 

SO2 emissions in NEEM are dynamically calculated over time in response to a number 
of endogenous factors. Initial data that is used to calculate SO2 emissions include the 
quantity and characteristics of the existing coal fleet, particularly the capacity, existing 
retrofit equipment, and coal types that can be burned at each unit. NEEM models 
existing federal SO2 legislation and rules including Title IV and CAIR. These provide a 
cap on the level of SO2 emissions. 

The model also includes an estimate of the existing bank of SO2 allowances entering 
2009 (approximately 8.8 million tons) and allows for additional banking or withdrawals 
from the bank in order to comply with the cap in the most cost-efficient manner possible. 
The emissions from existing coal units will change over time in response to the SO2 
allowance price projected by NEEM and the SO2 reduction options available to each 
unit. Units can reduce their SO2 emissions in a number of ways. 

First, units that do not have a 
flue gas desulfurization (FGD) 
retrofit may add one. The cost 
of these retrofits is a function of 
the size of the unit and the cost 
parameters included in Table 
2.1 0. 

- Table 2.1 0 Retrofit Costs and Characteristics 

$155 7 ,  L . - 5  ?g=.$ . 
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A unit will add an FGD if the cost of installing the FGD, as measured in dollars per ton of 
SO2 removed, is less than the cost of purchasing allowances for that unit over the useful 
life of the retrofit. 

A second option to reduce SO2 emissions is to change coal types. As shown in Table 
2.6, each coal has different SO2 contents. If a coal can be delivered to the unit then it 
can switch to burning that coal. 

For units that do not currently burn Powder River Basin (PRB) coal, a capital cost would 
have to be incurred to account for the boiler modifications necessary to burn PRB coals. 

Lastly, a unit can reduce its SO2 emissions by generating less, particularly if SO:! 
emissions costs push it higher up the dispatch curve. All new coal units are assumed to 
include an FGD and therefore have an SO2 emission rate that reflects 98% removal of 
inlet SO2. 

NOx emissions in NEEM are dynamically calculated over time in response to a number 
of endogenous factors. Unlike SO2, NEEM includes initial NOx emission rates for coal, 
natural gas, and oil-fired plants. This information is based on NOx rates reported as 
part of the EPA’s Continuous Emissions Monitoring System (CEMS). As previously 
described, all emitting units are subject to the caps prescribed by the CAlR NOx Ozone 
Season and CAlR NOx Annual programs. 

As with SO2, there are multiple options for reducing NOx emissions on existing units. 
Two retrofits are available to coal units: Selective Catalytic Reduction (SCR) or 
Selective Non-Catalytic Reduction (SNCR). Units will install these retrofits if the cost 
per ton of NOx removed is less than the prevailing NOx allowance price. The costs and 
characteristics of SCR and SNCR are included in Table 2.10. The other means through 
which existing unit can reduce NOx emissions is by simply generating less. New units, 
in contrast, are assumed to have controls in place necessary to meet New Source 
Performance Standards (NSPS). As such, new coal units have a NOx emission rate of 
0.06 Ibs/MMBtu, new combined cycle units have a NOx emission rate of 0.02 
Ibs/MMBtu, and new combustion turbines have a NOx emission rate of 0.08 Ibs/MMBtu. 

Similar to SO2 emissions, Hg emissions are only from coal-fired units. Hg emissions for 
any coal unit are a function of the coal burned and the pollution control equipment in 
place. While there are Hg-specific retrofits, Hg can also be removed as a co-benefit 
from some non-Hg controls such as FGDs and SCRs. 
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The Hg co-benefits given in Table 
2.1 1 were provided to CRA by the 
Electric Power Research Institute 
(EPRI), and were used as part of 
comments filed in response to the 
then-proposed Clear Air Mercury 
Rule (CAMR). 

An earlier table, Table 2.10, lists 
the two mercury control options 
available to coal-fired units in 
NEEM in order to comply with the 
60% and 90% mercury reduction 
requirements in 201 5 and 2020. 

The Activated Carbon Injection 
(AC190) technology can only be 
operated in conjunction with 
bituminous coal use, and 

Table 2.1 1 Mercury (Hg) Co-Benefits 

represents a less capital-intensive option for larger units that can rely on existing 
particulate matter (PM) controls for mercury co-benefits. This AC190 is only available to 
units that have already installed a fabric filter. For units without fabric filters, the RPJ9O 
option is naturally more expensive because it includes the costs of a fabric filter. 

With perfect foresight through the end of the modeling horizon, NEEM then optimizes 
generation patterns, fuel choices and consumption levels, and potential retrofit 
installations in a manner that minimizes the net present value of total system costs while 
meeting all reserve margin requirements and complying with all environmental 
regulations. Allowing for the banking (and subsequent withdrawal) of allowances that 
could result if permit prices rise faster than the 5% discount rate, NEEM charts an 
optimal allowance price path through the model horizon. 

Again, the resulting allowance price represents the marginal cost of abating one more 
pound or ton of the pollutant; that is, “Ct,” in the equation shown in the column titled 
“Mitigation Costs” in an earlier table, Table 2.8. 

The SO2 prices for each of the 10 branches in the final probability tree are illustrated in 
Figure 2.9. 
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NOx prices for each of the 10 branches in the final probability tree are illustrated in 
Figure 2.10. For NOx allowance prices, Figure 2.10 presents prices under the CAlR 
NOx Annual cap. 
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C02 permit prices in the cap-and-trade scenarios are shown in Table 2.12. 

Table 2.12 COa permit prices -.____.-- 

C02 Price 
(20 IOS!metric ton) 

$29.25 
2035 $37 00 

Finally, Table 2.13 shows when the SO2, NOx, and Hg retrofits are installed on Ameren 
Missouri coal plants. The year given represents the year when NEEM installs a retrofit 
on at least half of the unit’s capacity. 

Table 2.13 SOs, NOx, and Mercury Retrofits 
FGD SC R &CI% RPJW - cc s 

- “ . E  -1 J 

-?.F h J > 4  

- * - =  -2 J 

I“.” 

-J  

Z3’5 
-”‘5 &” 

2 5  
3’5 
::*5 

5 
5 
5 

.8 ~~~~~~~~~~~ 

Forecasts of the market cost of power were derived from MRN-NEEM projections of 
wholesale electricity prices. The integrated MRN-NEEM modeling framework described 
in subsections 2.5.1 through 2.5.4 furnishes electricity prices by load block and year for 
the Eastern Missouri (EMO) region encompassing Ameren Missouri’s service territory. 
This equilibrium electricity price represents the marginal cost of supplying an 
incremental MWh of electricity in a particular region. 

It accounts for (1) the dispatch costs of existing resources and potential new additions, 
(2) planned maintenance and forced outages at generating units in the region, (3) 
compliance with all environmental regulations, and (4) a dynamic transmission system 
that allows for imports and exports between regions. Having sorted all available 
capacity in a NEEM region by dispatch costs, the model then assesses where the so- 
constructed supply curve intersects with the demand in a given load block. This 
determines the wholesale electricity price. 

22 4 CSR 240-22.050(2) 
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e In addition to the assumed regulations on air pollutants, units comply with coal 
combustion byproduct and water withdrawal requirements that are under development 
by EPA. 

Reference Case COn Regulatory Requirements 

National C02 Program 

The federal COz legislation considered is modeled afer the 2010 Kerry Lieberman proposal and 
includes the following details: 

* Cap - The cap starts in 2018 at 3% below 2005 levels for affected sources and declines 
(straight-line) to 83% below 2005 levels in 2050. In 2018, we include the electric and 
transportation sectors as affected. The cap for those sectors starts at 3% below their 
2005 levels in 2018 and gets to 83% below in 2050. We assume the industrials roll into 
the program in 2023. Its reduction target starts in 2023 at 3% below and straight-lines to 
83% below by 2050. We sum those two trajectories together to get to our total cap. The 
actual compliance obligation is put on the group of affected entities. 

+. Reserve (backstop) price - The Kerry-Lieberman reserve price is set to start at $25 per 
metric ton in 2009$ and grow at 5% real per year. Converting that to short tons and 
2006$ gets us a reserve price of $21.33Aon in 2018. It then grows at 5% real. In the 
legislation, the reserve is funded with 4 billion allowances out of the cumulative cap and 
is intended to control against volatility. This price reflects the marker of what some in 
Congress might view as a politically viable CO2 price. 

* Floor price - The Kerry-Lieberman auction floor price starts at $12 per metric tonne in 
2009$ and grows at 3% real per year. 

The Regional Greenhouse Gas Initiative 

The Regional Greenhouse Gas Initiative (RGGI) is a market-based program to reduce 
emissions of carbon dioxide (C02). 'Ten states participating in RGGI established a regional cap 
on COz emissions from the power sector and are requiring power plants to possess a tradable 
COz allowance for each ton of C02 they emit. 

Exhibit 3.3: Regional Greenhouse Gas Initiative 

10-State RGGI 
Region 

Remaining Eastern 
interconnect 



The carbon allowance prices for the reference case are shown iii Exhibit 3 4 

Exhibit 3.4: Carbon Allowance Pricing Outlook (2009$lton) 

Reference Case Carbon Allowance Prices (2009$/ton) 

--- - -"-"- 

- - - _ _ - ~  - _  --- - - - - 
I 

_ _  - -- 
- 

-4~- Federal CO2 Allowance Prices 

- .  20 . -+- RGGl Carbon Allowance Prices - 

Air Emission Rates and Control Costs 

Plant level emissions are determined by the pollutant content of fuels, installed emission control 
technologies and plant dispatch. Coal-power plants have the option to burn multiple types of 
coal with a range of sulfur and mercury contents. Units may switch fuels to comply with 
environmental constraints. NOx emission rates for existing units in IPM8 were populated based 
on EPA's 2008 and 2009 Clean Air Markets Emission Database, which is primarily comprised of 
data from Continuous Emissions Monitoring Systems (CEMS). Mercury emission modification 
factors are based upon the EPA 1999 ICR data. 

Power plants also have the option to install control technologies such as Wet Limestone Forced- 
Oxidized Scrubber (wet scrubber), Spray Dry Absorbers (dry scrubbers), Activated Carbon 
Injection (ACI), Selective Catalytic Reduction (SCR) and Selective Non-Catalytic Reduction 
(SNCR). Plant retirement and mothballing are also explicitly modeled. 

The electricity system also has the capability to reduce emissions by adjusting system dispatch. 
Under a cap-and-trade system, the model considers the variable cost of emitting (buying 
allowances) and rearranges system dispatch to minimize generation costs. 

Key Environmental Control Cost Assumptions 

The capital cost for SCRs shown below does not include the up-front catalyst cost, which is 
accounted for in variable OBM assumptions. Capital costs for SCRs and SNCRs include 
adjustments for interest during construction and difficulty factors. 
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Q 

A 

Please state g r o ~  name, business address an 

My name is Jeremy Fisher. I am a scientist with Synapse Energy Economics 

(Synapse), which is located at 485 Massachusetts Avenue, Suite 2, Cambridge 

Massachusetts 02139. 

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. 

A 

Please s ~ ~ ~ ~ r ~ ~ e  your work ~ x ~ e r ~ e ~ ~ ~  and e ~ ~ ~ c a t ~ o ~ a ~  b a c ~ ~ ~ r ~ u ~ ~ .  

I have ten years of applied experience as a geological scientist, and four years of 

working within the energy planriing sector, including work on integrated resource 

plans, long-term planning for states and municipalities, electrical system dispatch, 

emissions modeling, the economics of regulatory compliance, and evaluating 

social and environmental externalities. I have provided consulting services for 

various clients, including the US. Environmental Protection Agency (EPA), 

the National Association of Regulatory Utility Commissioners (NARUC), the 

California Energy Conmission (CEC), the California Division of Ratepayer 

Advocates, the State of Utah Energy Office, the National Association of State 

Utility Consumer Advocates (NASUCA), National Rural Electric Cooperative 

Association (NRECA), the State of Alaska, the Western Grid Group, the Union 

of Concerned Scieritists (UCS), Sierra Club, Natural Resources Defense Council 

(NRDC), Environmental Defense Fund (EDF), Stockholm Environment Institute 

(SEI), and Civil Society Institute 

A 

Prior to joining Synapse, I held a post doctorate research position at the 
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Q 
A 

A 

Q 
A 

Q 

1Jniversity of New- Hampshire and Tulane 1Jniversit-y examining the impacts of 

Hurricane ICatrina. 

I hold a B S. in Geology and a B.S in Geography from the IJniversity of 

Maryland, and an Sc M. and Ph D in Geological Sciences from Brown 

University 

My full curriculum vitae is attached as Exhibit JHF-1. 

On whose behalf are YOU testifying in this case? 

I am testifying on behalf of Sierra Club and the Natural Resources Defense 

Council. 

ave YOU testified previously before t entmcky Public Service 
CQI~MII~SS~Q~? 

No, I have not. 

What is the purpose of your testimony? 

My testimony reviews Louisville Gas & Electric and Kentucky IJtilities 

Company’s (collectively “the Companies”) modeling approach used to determine 

which units to retire and which to retrofit. I have assessed some of the key 

variables assumed by the Companies as inputs to their model and, with my 

colleague Ms. Wilson, have re-run the Companies’ planning model and retire/ 

retrofit spreadsheet model to determine if the analysis would change based on 

more mainstream assumptions. In this testimony, I will present the results of this 

re-analysis. My testimony demonstrates that the Cornparlies have chosen a non- 

economic solution to meet impending environmental requirements for certain 

coal-fired units and assesses the risk that these units pose to the Companies and 

their ratepayers. 

Please identify the Companies’ documents and filings on which YOU base 
your opinion regarding the Companies’ expectations for and treatment of 
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A In addition to Applications for Certificates of Public Convenience and Necessity 

(CPCN) and Approval of its 201 1 Compliance Plan for Environmental Surcharge 

with their accompanying witness testimonies and appendices in these cases, I 

have reviewed the following documents and data prepared by the Companies 

e Integrated Resource Plan (IRP) (“201 1 IF@”) submined April 21,201 I 

Selected input and output data from the Strategist Model as used by the 

Companies in this docket, 

The Companies’ retireketrofit spreadsheet analysis 

e, Companies’ Discovery responses and rebuttal testimony 

1s this document the same as your o ~ ~ g ~ ~ ~ ~ ~ y  WBed direct testi~~~ony? 

It is not Significant new information has come to light since the original filing 

of my original direct testimony, and the Companies have changed at least one 

underlying set of assumptions, both of which concern forecast natural gas prices 

Between the new information from the Companies and the new underlying 

assumptions, it seemed helpful to both correct my original direct testimony 

and modi@ my recommendations in light of the new information, submitting 

a singular, clean record I will discuss these changes in more depth later in this 

testimony 

A 

Q 

A 

Have you based your findings and opinions on the complete set of filings 
sa bmitted by the Companies? 

To the best of my lanowledge. In my original testimony, I noted that “the 

Companies filed a very late-breaking supplemental discovery response to 

Staffs Question 20(b), dated September 14,201 1 (1201 1 Air Compliance Plan 

Supplemental Analysis”). This supplemental response included an entirely 

new and substantively different set of analyses that are highly apropos to the 

testimony ” The range of natural gas price forecasts explored by the Companies 

in that supplement appeared to support my contention that the Companies’ gas 
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prices were too high, but I was not gven access to these new forecasts until 

October 17,201 1, nearly a month after I filed my testimony. 

ga F-8: Curriculum Vitae 

F-E2: Net Present Value Revenue Requirement of Installing 

Controls vs. Retiring and Replacing Capacity" Companies' Results and 

Re-Analysis Results 

e ~x~~~~~ JIIF-ES: Natural gas price forecast comparisons 

F-4: 201 1 Carbon Dioxide Price Forecast froin Synapse Energy 

Economics, Inc. 

inion and according to the documents you have reviewed, have 
nies adequately s QWn that fhe coal phPntS SeeMlrag e ~ V ~ l ' Q n ~ e n t a ~  

upgrades in these CPCN / E n v ~ l ' o ~ ~ e n t a ~  Surcharge dockets merit the 
capital e x ~ e ~ ~ i t ~ ~ e s  requested? 

No, they have not %le the Companies created a generally reasonable 

framework for the evaluation of their existing resources and resource 

requirements in the face of new and emerging environmental regulations, some of 

the inputs into this analysis are flawed, thus tainting the analysis and ultimately 

the decision to maintain and retrofit units of the existing coal fleet 

A 

In this testimony, I will describe the environmental obligations facing the 

Companies and briefly summarize the Companies approach to their relireh-etrofil 

decisions in the face of those regulations. I will then discuss large-scale flaws in 

the input assumptions and modeling framework, results of an analysis conducted 

by Synapse to re-evaluate the Companies' decisions under their same framework 

but with revised assumptions, and the serious doubt these results cast on the 
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Companies’ request for CPCN and environmental surcharges. I will show that 

several of the Companies’ key assumptions inappropriately bias a retirehetrofit 

decision towards maintaining older coal units, and that sirnply using more inid- 

range assumptions results in a very different outcome. Finally, I will discuss 

additional concems with the Companies’ analysis and how these concerns might 

influence the ultimate retirehetrofit decisions 

Q t?§CE*ibe the CQUBpanieS’ f r ~ U B ~ ~ Q ~ ~  for the eVdUi&fiOn O f  @Xk%iiElg 
B’B?SQUB’C@§ and IL’CXNWCC? r e ~ ~ ~ ~ ‘ t ? ~ ~ ~ ~ S .  

A The Companies reasonably anticipate that existing and pending environinental 

regulations will require sigmficant capital and operating expenditures at their coal 

fleet - expenses that could render units in the fleet non-economic to maintain. 

They therefore created a framework in whch to evaluate the economic merit of 

each of their coal assets gwen these new expenses. 

Briefly, the framework uses the Ventyx Strategst model to evaluate the net 

present value revenue requirement (NPVRR) of a series of retrofit and retirement 

scenarios. The initial baseline case estimates the NPVRR of retrofitting the entire 

fleet to meet environmental standards, and building new “optimal” capacity to 

meet requireinents over a long analysis period. The Companies then estimate the 

NPVRR of this same scenario with the added assumption that their least economic 

coal unit retires in 2016, thereby avoiding the cost of expensive environmental 

retrofits. If the NPVKR of the case in which the unit is retired is lower than the 

NPVRR of the case in which the unit is retrofit, the Companies find that it is more 

economical to retire the unit rather than retrofit it, and the unit’s retirement is 

assumed in the baseline. 

The Companies test each of their coal assets in this method sequentially, from the 

most expensive operating unit to the least. Each time a unit is found to be non- 

meritorious, the unit is assumed to be retired and taken out of the baseline. 

The Companies use this modeling process to justify environmental upgrades at 

ICU’s units Brown 1-3 and Ghent 1-4, and LG&E’s units Mill Creek 1-4 and 
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Trimble County 1 The Companies also find that it is reasonable to retire, rather 

than retrofit, sis of their least economic units: Tyrone 3, Green River 3 & 4, and 

Cane Run 4, 5, & 6. 

Q ~~~c~ dEMfWHatS Of &hi$ aHaakySiS have been ~ ~ c ~ ~ r e ~ t ~ y  ~ ~ ~ r a c t e ~ ~ ~ ~ ~  

A The Companies have created a reasonable and transparent framework for 

analyzing the economic merit of retiring versus retrofitting their coal assets and 

have correctly characterized many of the costs faced by their fleet. However, 

1 have significant concerns with the Companies’ modeling assumptions and 

framework. The outcome of this analysis hnges on these assumptions, such that 

by simpIy examining a reasonable mid-range set of assumptions renders at Ieast 

two additional units (Brown 1 & 2) non-economic and casts serious doubt on the 

economic viability of another two units (Mill Creek 1 & 2). 

It is my opinion that the Coinpanies’ analysis incorrectly characterizes the 

following elements, each of whch I will discuss in further detail later: 

0 rice correction: The Companies’ base-case natural gas 

price forecast appears to inappropriately represent the highest end of gas 

price assumptions, 

8 SCR cost: The Coinpanies have inappropriately dismissed the risk that 

some of its units may require selective catalytic reduction (SCR) to meet 

emissions liinits for oxides of nitrogen (NO,) under both promulgated and 

proposed ozone standards; 

CB COz price risk The Companies have assumed that there is no chance 

that the federal government will regulate carbon dioxide (CO,) emissions 

anytime in the future, thereby exposing ratepayers to a very real financial 

risk; 

8 versized replacement capacity: The Coinpanies assume that 

replacement generation is only available from three types of natural 

gas plants, a single-cycle turbine of 194 MW, and two combined cycle 
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sized at 605 and 907 MW (summer capacity), respectively These large- 

size combined cycle units are larger than many of the coal units under 

consideration, forcing the model to only evaluate unduly expensive 

alternatives that present potentially non-optimal solutions. 
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er eled in isolae-ioii: The model used by the Companies assumes 

that they have no interactions with the Eastern Interconnection, which 

forces the model into unrealistic solutions. 

0 Emergency g e n e ~ a t i o ~  purchases: The model uses a very high cost for 

emergency generation with an unreasonably high frequency, resulting in 

very high costs with no apparent basis. 

-a Prices: The Companies have assumed that the trading 

p i ce  of NO, and sulfur dioxide (Sol) will diminish to zero in two years, 

in contradiction to EPA estimates; thereby denying the Companies the 

opportunity cost of avoiding these emissions through retirement or 

emissions controls 

etirement: The Companies have chosen a semi-arbitrary order 

in which to test the retireketrofit decision without regard to the impact that 

this order imposes on the modeled economic merit of each unit. Simply 

changing this order could result in a more optimal solution and retire/ 

retrofit decisions 

ave you evaluated how the Companies' optimal sol~tion might change if 
some of these assumptions are corrected? 

Yes, my colleague Ms. Rachel Wilson re-ran the Strategist model with the 

Companies' assumptions and then produced alternate outcomes by using a 

mid-range natural gas price forecast and testing the impact of a mid-level C 0 2  

price forecast. I then used the Companies analysis worksheet to re-construct the 

decision the Companies might have made if they had" 

A 

1) used a mid-range natural gas price forecast, 

2) evaluated the avoided cost of applying an SCR at several units, and 

3 )  evaluated the risk of C 0 2  regulation through a mid-range C 0 2  price 

starting in 2018. 

I calculated the outcomes of each correction both individually and in concert. I 
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Q 
A 

Q 
A 

v 
A 

will discuss the background and results of these analyses in greater detail below. I 

have included these results in Exhibit F-E2. The results of changmg individual 

variables are shown in Boxes 3-5 and the results of changing multiple variables in 

the same scenario are shown in Boxes 6-8. 

id yon fix all of the ~ s s n ~ ~ t ~ o n s  that you believe are flawed? 

I &d not Due to time constraints and limited information available at this time, 

we did not evaluate anticipated NO, and SOz prices, the impact of including 

appropriately-sized capacity expansion options, the effect of including electricity 

purchases and sales outside of the LG&E/IW system as an option, or a more 

optimal retirement order. 

id yon find any other errors in the Companies’ andysis? 

Yes. In the Companies’ analysis worltbookY1 the avoided cost of mitigating 

landfill waste or coal combustion residuals (CCR) appears to incorrectly 

reference the year after the year of interest. I have assumed that this is in error, 

and corrected the formula in my re-analysis, resulting in small benefits towards 

the retrofit decision in some scenarios ($047 million). I have propagated this 

correction through the remainder of my re-analysis. 

Under each of the three scenarios listed above, the relative economic merit of the 

coal units declines markedly. Using the Companies’ retirement order framework 

but using either a mid-range gas price or evaluating the cost of SCR or utilizing 

a COz price makes the decision to retrofit Brown 1 & 2 anywhere from risky to a 

net loss ($49, $34, or 4157 million NPVRR, respectively - found in Exhibit 

E2 Boxes 3-5). Using the mid-range gas pIice in concert with anticipated costs 

of SCR strongly favors the retirement of Brown 1 & 2 (a loss of $146 million 

NPVRR relative to the non-retirement option - found in E x ~ ~ b ~ t  

W l e  there are significant uncertainties associated with the future of COZ 

20 1 105 17-LAIC-201 1 IRPRetirementStudies-MC 1 -2CombinedFGD-Laye xlsx 
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regulation, including shifting political climates and continued delays of 

mesllvngful national legislation, the possibility of C 0 2  regulation poses a marked 

risk to the Companies’ coal assets slated for retrofit. Utilizing a C 0 2  price in 

concert with corrected gas prices and SCR risk, a preliminary assessment would 

suggest marked economic risk at all units except the Trimble County and Ghent 

4 units A more detailed analysis of this risk would evaluate the effects of a COz 

price across the wider region electrical system, as well as ripple effects through 

other fuel costs 

A I find that the decision to continue to invest in the Brown 1 & 2 units is not 

justified when either the Companies’ gas or C02  forecasts are adjusted to mid- 

range values, or when the reasonable risk of an SCR at the units are considered 

In general, the risk of carbon prices poses a significant economic liability for the 

Companies 

3. ENVILRONMENTAL REGULATIONS FACED BY LG&E/ 

Q 

A 

Is the Companies’ coal fleet subject to federal laws protecting human health 
and the ~ ~ v ~ ~ Q ~ ~ ~ ~ ~ ?  

Yes it is. The Companies’ coal units are subject to EPA regulations under 

the Clean Air Act (CAA), the Clean Water Act (CWA), and the Resource 

Conservation and Recovery Act (RCRA), among other statutes 

Which Clean Air Act rules directly affect the LG&E/KU coal fleet? 

There are a number of regulatory areas under the CAA that directly affect the 

Companies’ coal fleet today and in the near future, including: 

A 

The recently finalized Cross State Air Pollution Rule (CSAPR), limiting 

NO, and SO2 emissions that contribute to poor air quality in neighboring 

states; 

@ The proposed air toxics rule for utility steam generating units (“MACT”), 
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designed to protect human health by reducing emissions of hazardous air 

pollutants (HAPS) and mercury (Elg) from oil and coal-burning units; and 
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A 

Q 

A 

Q 

A 

Q 

A 

e The strengthening o f  National Ambient Air Quality Stcandards (NAAQS) 

for SO2 and the proposed strengthening of NAkQS for ozone (Oj), 

particulates (PM2 j), and nitrogen dioxide (NOz) designed to protect 

hurnan health, reduce premature mortality, and reduce environmental 

liarms froin emissions 

hich Clean Water Act rules dilp*ec&ly affect the LG&EIKt.J coal 

There are two CWA regulations, currently being finalized by the EPA, that the 

Companies should reasonably expect to affect the L,G&E/KIJ coal fleet: 

e3 the proposed cooling water intake structures rule, designed to protect 

fisheries and aquatic organisms from being trapped by cooling water 

screens, or uptake into cooling systems, 

e and the expected effluent limitation guidelines, restricting toxic releases 

into waterways from steam power plant structures and effluent ponds. 

Which Resource Conservation and 
ILG 
The EPA is expected to finalize a rule regulating the disposal and storage of coal 

combustion residuals (CCR) including ash and other wastes to prevent toxic 

releases into ground and surface waters. 

ecovery Act rules directly affect the 

Are there c ~ r 5 ~ ~ s t ~ n c ~ s  where you be%ieve the companies haw correctly 

There are Assuming that the Companies are able to meet permitted emissions 

limits, I believe that they are correct in canticipating that all of the retrofits 

stipulated in KU projects 29, 3.2, & 3.5 ( K T J  JNV- I )  and LC&E projects 26 and 

27 (L,G&E JNV-1) would be needed to coinply with environmental regulations 

~ c c o ~ ~ ~ e ~  for e ~ v ~ r o ~ ~ ~ ~ t ~  ~ e ¶ ~ ~ ~ e ~ e ~ ~ s ?  
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in order to remain operational. While those controls are required if the units are 

going to continue to operate, they are no1 necessarily sufJicient. 

Q QW Will  8heW p!fQj&?CtS hdgP CQlnrngPiPIIIk§ & ? ~ ~ ~ ~ Q I I I ~ ~ ~ ~ 8 ~ ~  
~ e ~ ~ ~ ~ ~ ~ ~ ~ 8 § ~  

A The Brown 1-3 units have already installed a new flue gas desulfurization (FGD) 

system, and the ‘Trimble County unit is already in possession of an FGD unit. 

Of the non-retiring units, the four units at Mill Creelc are anticipated by the 

Companies to require new or retrofit FCD systems, which can presumably meet 

SOz compliance obligations under both CSAPR and SO2 NAAQS. FGDs are also 

considered a maximum achievable control technology (MACT) for the control 

of acid gases under the toxics rule, have ancillary benefits in mercury control 

also under the toxics rule, and benefit secondary particulate control under the 

PM2.5 NAAQS. The combination of fabric filter baghouses with activated carbon 

injection (ACT) at all of these units is also generally considered MAC?’ for the 

control of mercury emissions urider the toxics rule. 

The proposed coal waste rule may require conversion to dry storage from wet 

impoundments and is likely to require the lining and closure of unlined CCR 

impoundments. It appears that the Companies have taken this rule into account 

by estimating new ongoing landfill expenditures associated with its existing coal 

fleet. 

Whle  not stipulated in the projects listed previously, the Companies appear to 

have estimated the potential costs of effluent limitation guidelines in their forward 

modeling as well. As noted in a discovery response to the Environmental Groups, 

the Companies explain that the analysis “contains the revenue requirements 

associated with hture capital costs for complying with effluent guidelines 

scheduled to be proposed in late 2012.” Tliese costs are apparent in the 

Companies’ retirehetrofit model. 

Response to the Supplemental Requests for Information, August 1 8u1 201 1 Question 4 
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Q 

A 

A 

Q 

A 

Q 

A 

ow are the projects ~ ~ t i c ~ ~ ~ t ~ ~  in this docket “ ~ e ~ ~ ~ ~ ~ d  [but] ?tot 

What I mean is that while the Conipanies would need to implement these 

projects in order to keep the plants operational, these units will face additional 

environmental compliance costs on top of the ones considered. Critically, the 

Companies have failed to anticipate the impact of both the current (2008) and 

impending ground-level ozone NAAQS. Witness Revlett discusses $ 0 2  NAAQS 

and the Clean Air Transport Rule (CATR), the precursor to the current CSAPR 

rule, but malces no mention of the impending ozone NAAQS. 

necessasily S P b f l C k f l t ? ’ 9  

BdVbyaz.etheoaoneNAAQSinanportdantin this analysis? 

It is widely believed that the ozone NAAQS is one of the most important EPA 

regulations in regards to the impact this standard could have on the existing coal 

fleet by requiring selective catalytic reduction (SCR) on numerous coal plants 

It is my opinion that in failing to account for the cost of SCR, the Companies 

inappropriately expose customers to a lulown and likely environmental cost The 

SCR cost r i s k  affects several units that are requesting CPCN and environniental 

surcharges in these dockets, including Brown 1 & 2, Ghent 2, and Mill Creek 1 & 

2. 

Have you examined the ~ ~ ~ ~ ~ c a ~ ~ ~ s  of §CR am the cast ~ ~ ~ ~ t ~ v e ~ ~ s s  of those 
units? 

I have. 1’11 describe this analysis and the results later in this testimony. However, 

suffice it to say that the cost of SCR is high enough to render a completely 

different retirehetrofit decision on the Brown 1 & 2 units and significantly impact 

the economics of the Mill Creek 1 & 2. 

Are there other e ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ t ~ ~  r ~ ~ ~ ~ ~ ~ ~ o ~ s  that &he ~ o ~ ~ ~ ~ ~ ~ s  have not 
taken into account in this analysis? 

Yes. I believe that current and pending EPA regulations on greenhouse gas 

emissions were insufficiently addressed in this CPCN, and I will be discussing a 
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feasible remedy later in my testimony. In addition, the Companies has made no 

mention of the cooling water intake slructures rule which could impose sigmficant 

costs on units that use once-through cooling. 

Q 

A 

What is the cooling water inntake structures timlle? 

On March 28,201 1, the EPA proposed a long-expected rule implementing 

the requirements of Section 316(b) ofthe Clean Water Act at existing power 

plants. [33 U.S.C. 8 1326 3 Section 316(b) requires “that the location, design, 

construction, and capacity of cooling water intake structures reflect the best 

technology available for minimizing adverse environmental impact.” Under this 

new rule, EPA set new standards reducing the impingement and entrainment 

of aquatic organisms from cooling water intake structures at new and existing 

electric generating facilities. 

The rule provides that: 

CB Existing facilities that withdraw more than two million gallons per 

day (MGD) would be subject to an upper limit on fish mortality 

from impingement, and must implement technology to either reduce 

iinpirigernent or slow water intake velocities. 

e Existing facilities that withdraw at least 125 rrlillion gallons per day 

would be required to conduct an entrainment characterization study for 

submission to the Director to establish a “best technology available” for 

the specific site. 

Are there any plants in bbe Companies’ fleet that would be subject to this 
rule? 

A Large units that use once-through cooling are likely to exceed the 125 MGI) limit. 

According to information reported by the Companies to the US Department of 

Energy (DOE) Energy Informatiori Administration (EM) in 2009 (Form 860), the 

Tyrone 3, Cane Run 4-6 units, and Mill Creek 1 unit all use once-through cooling. 
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The company plans to retire Tyrone 3 and the Cane Run units regardless, but the 

Mill Creek 1 unit would still be a concern for this rule. 

According to independent research at the National Renewable Energy Laboratory 

(NREL),3 once-through coal-fired units withdraw between 20,000 to 50,000 

gallons per MWh of energy According to information supplied by the Companies 

in discovery,4 Mill Creek will output upwards of 2,200 GWh on an annual basis 

through the end of the analysis period At this output, I would estimate that the 

unit would withdraw between 120 and 300 MGD I assume that the Coinpariies 

have access to data to know if the unit would be subject to the more stringent 

entrainment guideline 

Q 

A 

IT Mill Creek B were subject to the e ~ ~ r ~ ~ ~ ~ e ~ t  guidelines of this cooling 
water rule, how miglat that affect their economic merit? 

The cooling water intake rule is designed to reduce impacts associated with once- 

through cooling It is likely that the coinpliance mechanism for high withdrawal 

units will require retrofits to cooling towers as the “best technology available” 

where feasible. These cooling towers can be expensive. IJsing cost assumptions 

from aNortli American Reliability Council (NERC), I estimate the cost of a 

cooling tower for Mill Creek Unit 1 at around $70 million. However, it is my 

opinion that it is incumbent on the Companies to evaluate the risk that the unit 

will be subject to the rule and estimate the cost of compliance. 

Q 

A 

ow have the Compi~~ies ~ e ~ e r ~ ~ n e ~  which units to retrofit with 
e n V ~ ~ Q n ~ ~ ~ t ~  CQMItrok? 

The Companies have made the overarching assumption, appropriately, that 

they should consider the economic merit of retiring some coal units rather than 

retrofitting them to meet stringent environmental regulations. The Comnpmies 

- 
3 National Renewable Energy Laboratory March, 201 1 A Review of Operational Water Consumption and 
Withdrawal Factors for Electricity Generating Technology htlp I / w v  izrel govldocsffy 1 losti/50900 pdf 

Confidential Attachment to Response to KU ICPSC-1 Question No 37, p3 
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determined that all coal units operating after 2016 would have a broad set of 

environmental obligations (and therefore costs). From an economic perspective, 

it would be efficient to operate the existing coal fleet up to the first high-cost 

compliance deadline, and then take out of service any units which are non- 

economic at that time. 

To determine whether to retrofit or retire each unit in their fleet, the Companies 

examined the net present value revenue requirement (NPVRR) of maintaining and 

retrofitting each unit versus retiring the unit in the year 2016 and replacing the 

capacity with natural gas fired generation. 

A The Companies use the Ventyx Strategist model to determine a reasonable build- 

out through 2040 under each of their test cases. The model is first run for a case 

in which all existing coal units are retrofitted as required to remain operational 

(the ‘ho retirements” case). The net production and new unit capital cost fiom 

this run is compared against a case in w l c h  a high-variable cost coal unit is 

retired in 201 6.. If the total NPVRR of the no-retirement case is higher than the 

retirement case (including avoided capital  cost^),^ then the retirement case is 

considered more efficient and the Companies assumes that they will retire tlie 

unit. Ptherwise, the Companies assume that they will retrofit the unit under 

consideration. If the unit is retired, the new base case (by which the next unit is 

tested) includes the previous unit’s retirement. 

Q ere you able to replicate the Csmpanies’ ~ Q ~ e ~ ~ ~ ~  results? 

A We were able to replicate the Companies’ originally filed results. Synapse 

obtained the Strategist model inputs from the Companies and the Companies’ 

spreadsheet-based analysis. My colleague Ms. Wilson licensed an identical build 

of the Strategist model as used by the Companies from Ventyx and re-ran the 

The rethenleiit cases include the avoided costs of the environmental capital expenditures and fixed O&M, 
and a single-year cost adder to decommission retiring units. 
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model with the same inputs. IJsing identical input, we were able to obtain the 

same results as the Companies. 

The Companies’ oriynally filed results are shown in Exhibit 

These values are also found in the Companies’ direct testimony in Exhibit CRS- 

1, Table 2, in the column entitled “Difference (A)-(B).776 These values are the 

NPVRR difference, relative to a no retirement sceiiario of retiring each unit in a 

cumulative fashion as described above and in the Companies’ direct testimony. 

The Companies find that it is economically efficient to retire the units with 

negative NPVRR values relative to a ‘‘no retirement” scenario. These units 

include Tyrone 3 ,  Green h v e r  3 62 4, and Cane Run 4 & 5 The Companies 

determined that, although the NPVRR value is marginally above zero, retrofitting 

Cane Run 6 presents too hgli  of a risk and has opted to retire this unit as well 

P-E2 Bos 2, we have corrected a formula error in the Companies’ 

analysis that references ai incorrect year, as described in the s i r n a r y  of this 

testimony This correction is maintained through the re-analysis results, and 

favors the retrofit decision by $047 inillion 

Does the COETlpaBlieS aPadySiS have aWy 

A As I identified in the summary section, the analysis had a number of flaws, some 

of which are unquestionably significant enough to completely change the analysis 

outcome Therefore, it was impoitant to conduct a re-analysis with corrected 

assumptions to estimate how retirelretrofit decisions would change under a 

reasonable set of assumptions 

ow did you perform a re-sndysis? 

A As noted above, we used the Companies’ build of Strategist and model inputs 

provided in discovery (Environmental Groups DR 3 )  to re-run the analysis. We 

used the Companies broad arching assumption of the order in which units are 

As noted in a commission staff discovery request, this c o l ~ ~ n n  should be labeled “Difference @) - (A)” 
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tested for economic merit, but for interncxl consistency with the Compmies, 

did not paill imy additionul tinits out of the analysis iJ‘they were deemed non- 

economic.. 

The re-analysis examined three fundamental aspects of the Companies’ analysis: 

e First, we corrected the Companies’ natural gas price forecast to reflect a 

mid-range estimate as provided by the Companies; 

63 Second, we added the Companies’ estimated capital and operating costs 

of SCR at the Brown 1 & 2, Ghent 2, and Mill Creek 1 ,152 2 units into the 

avoided cost analysis; 

B, Third, we tested the impact of a mid-range C 0 2  price on the decision to 

retire or retrofit. 

We examined each of these adjustments independently and in concert 

The method and justification for each of these changes is described in detail in the 

sections below. 

5. GAS PRICE CORRECTION 

Is the Q;‘oanp;artmies’ gas price forecast consistent with other forecasts? 

A The Companies have presented a range of gas price forecasts throughout lhis 

proceeding. The original forecast supplied by the Companies was outside the 

bounds of natural gas prices reflected by most other analysts. 

Q 
A 

ave the Companies provided alternative fuel price forec;asts? 

Quite recently, yes. On Septernber 14th, the Companies provided Supplemental 

armiyses exploring the retirehetrofit decision with three more recent and lower 

price forecasts from PIRA Group, Wood Mackenzie, and IHS CERA, but did not 

provide the fuel forecast values. On October 1’7t11, the Companies finally supplied 

the gas price forecasts from these three sources. Finally, in rebuttal testimony 
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filed October 24, the Companies provided definitive information that their 

original forecasts were presented in nominal dollars and definitive information 

about the expected inflation rate for fuel costs,7 thus partially explaining a large 

deviation from mid-range estimates We have assumed that t h s  same inflation 

rate, amounting to approximately 2.18% per year, applies to the other fuel price 

forecasts as well. 

Are the ~ ~ ~ e r ~ a ~ ~ e  gas price forecasts consistent with others9 forecasts? 

Yes. When the 2.18% inflatioii rate is removed from the PIRA, Wood Maclterize, 

and CERA prices, the real value of these forecasts appears to fall within the range 

of other analysts’ estimates. As shown in Figure 1, below (and in Exhibit JIF- 

E3, page I), we show the Companies’ original estimate of the Henry Hub (HH) 

price in red triangles,8 a variety of publicly available forecasts for the I-M price,9, 

10, 1 1,12,13,14,15,16, and the Companies’ proprietary, alternative forecasts 

(PIRA, Wood Macltenzie, and CERA) in shades of orange 

A 

7 Annual deflators for fuel, as used by tlie Companies, are given in rebuttal witness Siiiclak’s worlcpapers 
Converting from noiniiial to real dollar values, tlie net impact amounts to an annually compounding interest 
rate of approximately 2.18%. The Coiiipany appears to use 2.5% inflation rate for capital expenditures, 2% 
for variable O&M costs (and in the conversion of a provided C02  price) but does not inflate the einergeiicy 
energy cost in the model, leaving it at $16,600 / MWh in each year 

8 Found in Attachment to Response to SC/NRDC Production of Documents Question No 16 201 1 Ail. 

Coinyliaiice Plaiz S‘eiisitivity Aiinlysix .hly 201 I 

9 US DOE Energy Iiformation Administration (EIA) Annual Energy Outlook (AEO) 201 0 Reference Case 

US DOE Energy Information Administration @A) Annual Energy Outlook (AEO) 201 1 Reference Case 

11 Nortliwest Power and Conservation Council (NWPCC), August 201 1 Update to Council’s Forecast of 
Fuel Prices (pg 6-7) 

Globex Futures froin CME Group Henry Hub Natural Gas Futures, Trade Date 9/12/2011 (201 1-2023) 
Settlement Price httn . //wiw. cineaoui>. com!tracline/ener ~ ~ r / n a t ~ a l - r r a s / n ~ t ~ a ~ - e a  s quotes elobex .htnil 

l 3  Eastern Inkrcon~iection Planning Collaborative (EIPC). Working Draft of MRN-NEEM Modeling 
Assumptions and Data Sources for EIPC Capacity Expansion Modeling. December 22,2010 Charles River 
Associates Hi Gas Henry Hub Price 

l4 Navigaut Consulting, August 2010. Market Aiialysis for Sabine Pass LNG Export Prqject littp // 
www navigaiit.coin/-,/niedia/Site/Insights/Eier gy/Clieniere_L,NG-Exporl_Report-Energy aslx 

RGGI and EPA prices extracted from EIPC Fuel and Emission Prices Subteam January 12 Report. 

~~~~i~~~~ ~ ~ ~ ~ i ~ ~ ~ ~ l ~ ~ ~ ~ ~ e )  Study Group, July 201 1 Avoided Energy Supply C&ge 23 
in New England. 20 1 1 Report. littp : / / ~ ? ? ? r ~ ~ . ~ ~ ~ n a ~ ~ e - e n ~ r e ~ . c o 1 n l U o \ - Y 1 7 l 0 a d s / S ~ n ~ ~ ~ s ~ R e ~ o ~ . 2 0  I 1 - 
- 07.~~SC.AESC-Shtdy-2011.11-014.~df 



Figure 1. Henry Hub Natural Gas Price Comparisons: Companies Estimate, Other Analyst 
Forecasts, and Re-Analysis Forecast (AESC 2011) 

Expressed here in constant 2010$, the Companies’ alternative forecasts appear to 

represent a reasonable range of high, mid, and low gas price forecasts. 

Q 

A 

1s it reasoaaablle to use a high, mid, and  OW gas price forecast? 

It is ?’he use of a range of forecasts can help elucidate risk posed in an uncertain 

future However, the Conipanies have chosen the highest of those prices to 

represent their “base case.” It appears that the Companies’ natural gas price 

forecast is at the hgh-end of the range of forecasts given by other public and 

private entities. 

A In the initial form of this direct testimony, we had used a natural gas price forecast 

from the Avoided Energy Supply Component (AESC) Study Group in 201 1. ‘ f ie  

A E S C  report is sponsored by a group of electric utilities, gas utilities, arid other 

efficiency program administrators throughout New England and was written by 

consultants at Synapse Energy Economics, Inc, as well as other experts. 

The Companies released their alternative natural gas price forecasts in the 
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Q 

A 

A 

October 17th Supplemental Analyses Of the three alternatives presented, the 

Wood Mackenzie price is most consistent with the AESC baseline forecast, 

and appears to represent a reasonable inid-range forecast Therefore, we have 

chosen to simplify the record by adopting the Wood Mackenzie price from the 

Companies’ series of alternatives. 

~~~~~~ it still be reasonable to use the AE§C forecast of ~ ~ t ~ ~ . a ~  gas prices as 

a mid-rmge forecast? 

Yes. 

The StrateDst model accepts natural gas prices in $/MCF,17 and in addition, it is 

apparent that the Companies have added a transportation or local price adjustment 

to the HPI forecast and have set up the model to read gas prices as the highest 

annual monthly-average gas price. To adjust the Wood Maclcenzie HH price to a 

burner-tip equivalent, we used a short conversion: 

First, we converted Strategist input prices back to $/MMBtu. Second, we 

extracted the seasonal gas price adjustment factors used by the Companies to 

adjust frorn the highest price month to monthly prices. We obtained the average of 

these factors on an annual basis (2010-2025), assuming that the average roughly 

represents the deflator from the highest price month to the annual average price. 

Next, we adjusted the “high“ delivered price forecast (in $MMBtu) to the annual 

average price, and examined the difference between this price and the Companies‘ 

Henry Hub forecast (p. 4 of the Sensitivity Analysis1*). We assumed the resulting 

$0.35 to $0.40 adder was the local price adjustment from HH. This cost is similar 

to the premium estimated by the EIA for electric generation in East South Central 

l7  The prices in tlie model, in $/MCF, replicate those given in the “Attachment to Response to KPSC-1 
Question No. 44” which are listed as fuel costs in $/MMBtu. It is assumed that tlie units in model, rather 
than the discovery response, are correct 

l8 Found in Attachment to Response to S C m C  Production of Documents Question No 16. 201 1 Air. 
Conipliance Plan Sensitivity Aiialysis. July 20 I 1  
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region (including KY) relative to p.-LH in 201 0. 

We then reversed this process for the Wood Mackenzie HI3 price, adding the 

delivery charge, dividing by the seasorial adjustmerit factor, and converting back 

into $/MCF. This revised value was exported back to the Strategist model. 

Retaining consistency with the Companies’ assumptions, we held the nominal 

price of the Wood Mackenzie I-XEI forecast constant from 2025 through the end of 

the analysis period, as shown in the Wood Mackenzie line of E x ~ ~ ~ ~ t  

page 2 

A We were not able to replicate the results exactly. As shown in Table 1, below, 

we obtained similar, but not exact results. The tables below are siinilar to 

those shown in ~ x ~ ~ ~ ~ t  JI’IIF-IE2, where each value represents the relative net 

present value of installing controls versus retiring and replacing capacity. The 

Conipanies’ results, from the October 17th Supplemental Analyses are shown 

in the first box, while Synapse’s re-analysis, using the same data, are shown in 

ihe middle box. The third box shows the difference between these two analytical 

results. 

Table 1. Difference in NPVRR (201 1 $) between Companies’ Supplemental Analysis and Synapse 
Re-Analysis using Wood Macltenzie 201 1 price forecast 

Brown 3 357 
Cane Run 4 -187 
Cane Run 6 -145 

32 
-171 

Brown 3 
Cane Run 1 
Cane Run 6 

Green River 3 22 
Brown3 11 
Cane Run 4 -53 
Cane Run 6 78 

Brown 1-2 10 
Cane Run 5 -22 
Ghent 3 
Ghent 1 
Green Rive? 4 
Mill Creek 4 
Trlrnble County 1 -2.1 
Ghent 4 -23 
Mill Creek 3 -30 
Ghent 2 .27 

a 
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We were not given the Companies workpapers, and so do not know wliy our 

results are not identical to the Companies; but it is possible that we may have 

adjusted the Henry Hub gas price to a local gas price using a different formulation 

than that of the Companies or used a dfferent coal price than the Companies.lg 

Regardless, there a-tional changes in our re-analysis, but there are 

changes in the magnitude of benefit realized through the retirement or retrofit of 

any given set of units. 

inflated emergency energy cost assumptions (discusse$Jater in myc estimony). 

-&13rqua>1 ‘sa~aueus asm pauosaas I! Trrawsadaa a 9  sa330 I *apsax~=ox U ~ A - J  ‘sdzyrad 
.IVUOTSSa3OJ *E3 put? f atKTOJJ€? paSUa3y[ 

a ~ s a d  PXgsoYuteqi. u ua os ijy so itgonng iuaruar, t ~ l m p a c t ~ f ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ € ~ p o s e ~  ouuaa  nod $ L a  O ~ ~ I X ~ A Q S ,  

the Companies ignore the high cost of mitigating ozone; costs that tEPpmpmiaftaa 
reasonabIj7 face in the near future. One of the most effective mechanis 

reducing ozone pollution is by controlling NO, e m i s s i o n g ~ ~ ~ ~ ~ ~ ~ ~ ~ q o s ~  
suouxmq 30 $uawmdaa[ 

--.- cdpung -m 
I I-$ k@@mfi8&$@g~& the original coal price forecast used by the Companies in the 201 1 Compliance plan. 



through installing Selective Catalytic Reduction (SCR) technology. This 

technology has a high price tag, and, if required, could feasibly alter the retire/ 

retrofit decision at some of the Companies’ coal--fired units. 

hat are the oi?;one NAAQS? 

A EPA promulgates NAAQS pursuant to the authority granted by Clean Air Act 

$ 109 (42 U.S.C. $7409). EPA sets primary NAAQS to protect public health 

and secondary NAAQS protect public welfare. The NAAQS are supposed to be 

evaluated and revised, if necessary to protect public health and welfare, at five 

year intervals. New standards for ozone (and other criteria pollutants) will trigger 

the process for designating areas as either in “attainment” or “nonattainment” 

with the new standards. In rionattainment areas, sources must nutunzn~icully 

comply with emission reduction requirements known as “Reasonably Available 

Control Technology” (RACT), and new sources, including rnaj or modifications 

at existing sources, must comply with very strict emissions reductions consistent 

with “lowest achievable emissions reductions” (LAER), as well as obtain 

emission offsets. 

A The current ozone standard, promulgated on March 12,2008 (73 Fed. Reg. 

16,436 (March 27,2008)) set the ozone NAAQS at 0.075 parts per million (ppm). 

According to estiniales released in January 6,201 0, thrteen counties in Kentucky 

violated the current standard between 2006-2008.20 

The EPA proposed a stringent new ozone standard on January 19,2010 (75 Fed 

Reg. 2,938 (Jan. 19,2010)), reducing the standard from 0.075 ppm to between 

0.060 and 0.070 ppm, a move which could cause 25 counties in Kentucky to 

violate the new standard, according to 2006-2008 data.21 

20 US EPA. 2010. Counties Violating tlie Primary Ground-level Ozone Standard, 2006-2008. @&/J 
w w v .  ena. Irov/elo/~dfs/CountvPrimarvOzorieLe~els0608.pdF 

21 US EFA. 2010. Counties Violating the Primary Ground-level Ozone Standard, 2006-2008. m/ 
www.epa. ec~~/slo/~1dfs/Co~itv~1~m~1vOzoneL~vels0608.~df 
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Q 
A 

iB1 EBA ~ r o ~ ~ ~ g ~ t e  the new ozone N 

Although EPA was due to finalize the new ozone NAAQS by July 29,201 1 , 

this was pushed back by an executive review. On September 9,201 1, the EPA 

announced that it was holding off on the promulgation of this rule until 2013. Tlis 

delay will likely face a court challenge. 

It is my opinion that the rule will be delayed by two years, either due to the 

impending legal obstacles or by administrative fiat, but ultimately EPA will 

promulgate the new ozone NAAQS due to the EPA’s legal responsibility to 

protect public health. 

Q Is this R ~ e a s o n R ~ ~ e  opinion given IEHpA’s recent action? 

A Yes. The law unequivocally requires EPA to review the NAAQS standards 

every five years to eiisure that they provide adequate health and environmental 

protection, and to update those standards as necessaq to protect public health. 

EPA is set to review the ozone NAAQS standard in 201 3 .  If EPA has not 

promulgated a standard by then, it must certainly do so then as the Clean Air 

Scientific Advisoq Committee found that a standard between 0.060 to 0.070 ppm 

is absolutely needed to protect public health. The CAA does not authorize EPA to 

consider the cost of achieving a NAAQS in establishing the standard. Therefore, 

my opinion that EPA will promulgate a new ozone NAAQS in the near future is 

quite reasonable. 

ow will a new ozone NAA S impact the EG&E/ 

A Of particular importance to the LG&E/KU fleet, the four cod plants which 

are anticipated to continue operation (Ghent, Trimble County, Mill Creek, and 

Brown) are all either in, or immediately adjacent to counties which violate even 

the least rigorous of the proposed standards (see Figure I ,  below) 
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Figure 2. Counties With Monitors Violating Priniary &!-how Ground-level Ozone Standards 0.060 
- 0.070 parts per million (based on 2006-2008 Air Quality Data). Kentucky detail, Modified from 
EPA.22 

Whde there is no guarantee that these counties will still violate the standard 

when the rule is promulgated, these regons have poor air quality that will require 

significant reductions to meet the more stringent limit. Also, it is ofien the case 

that air quality managers find the most cost effective air quality reductions by 

controlling large, uncontrolled stationary sources - such as coal plants. 

Ozone is a secoridaIy pollutant formed from NO, emissions and other ambient 

volatile compounds. One of the most cost-effective methods of reducing ozone 

pollution by requiring large-scale NO, reductions at large power plants through 

the implenientation of SCR. 

I believe that when EPA irriplernents this NAAQS, there is a risk that operational 

plants that do not have SCR will require t h s  control technology (Brown 1 & 2, 

Ghent 2, and Mill Creek 1 &2), to meet local attainment. 

Q 
A The Companies should evaluate the costs and reasonable risk that these units will 

need to install SCRs to remain compliant with the law in their forward modeling. 

22 US EPA, 2010. http.//www.epa gov/glo/pdfs/201001041naps.pdf 
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A In April 201 0, the Companies comprehensively examined the environmental 

regulations faced by their coal fleet, including that of the ozone NAAQS. In the 

E.On IJS Fleetwide Assessment (attached to Exhibit JNV-2 as Appendix A, the 

file “Complete Appendix A” therein), the Companies notes both ozone revised 

NAAQ§ as well as new NO, NAAQ§ standards impending shortly that could 

iinpact the fleet. Indeed, in regards to Brown 1 222, for example, the Companies 

stated as part of the full report (p 4-3) filed in April that 

to meet the identified pollutant emissions limits, new AQC 

technologies are required for Brown Unit 2. These AQC 

technologies include the installation of new SCR and PAC 

injection. . The new SCR system can reduce NOx emissions to 

0 11 lb/MMBtu or lower 

The Companies similarly stated that Ghent 2 and Mill Creek 1 & 2 would also 

require SCR (p 4-1 6, and 4-28, respectively). 

As part of this analysis, the Companies evaluated the costs of SCR at Brown 1 

& 2, Ghent 2, and Mill Creek 1 & 2, and had decided by May 2010 to pursue 

SCR as part of the suite of environmental controls required at their units In the 

Environmental Air Compliance Strategy S m a r y  (Exhibit JNV-I , p3), the 

Companies state. 

Installing SCRs was the most cost erfective, reliable and efficient 

option for B&V to estimate Low NOx burner and OFA [overfire 

air] installations have already been iiistalled on most of these units 

on past projects. The small gains in burner technology since these 

past modifications were installed would impact NO, emissions, 

but not at a level tlznt would consistently meet tlze requirements c$ 

pending regulations. [emphasis added) 

However, in “late 201 O”, “the Companies’ Energy Planning, Analysis 

and Forecasting department’s first round of modeling indicated that the 
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SCR’s . identified in the Phase I and I1 studies would not be necessary to meet 

the CATR NO, emissions reductions for the generating fleet ” (Exhibit JNV- 

1 p8) This claim is repeated in Witness Voyles direct testimony, that simple 

modifications to existing infrastructure “defer[s] the need for additional SCR 

installations and support[s] least-cost compliance with the proposed CATR, whch 

will impose stricter NO, emissions requirements on LG&E and KU.” 

The stipulation that the CATR (the Transport Rule) is the only pending regulation 

which will require NO, reductions is flawed because, as noted above, I believe 

that the ozone NAAQS will require SCR on the Companies coal plants. 

The Companies examined this possibility in the 201 1 A r  Compliance Plan 

Sensitivity Analysis (pG), stating: 

Because more stringent NO, emission reduction requirements 

in the future could require the construction of SCRs on some or 

ali 0 these units, the Companies considered the cost of potential 

future controls and whether these costs could be incurred without 

changing the Companies’ current recommendation. 

Did the Companies g a ~ ~ i d e  the C O S ~ S  ofFSCR at their ~ n ~ ~ ~ t ~ o ~ ~ e d  plants? 

Yes. The Companies provided their estimated streams of capital and operating 

expenses for SCR at Brown 1 & 2, Ghent 2, and Mill Creek 1 & 2 in discovery, 

and we were able to incorporate these costs into the Companies’ modeling 

structure as part of the re-analysis, as if the SCR came online in 201 8. 

A 

at is the result of the re-analysis e x a ~ ~ ~ i n ~  the a ~ ~ ~ ~ ~ ~ a ~  cost of SC 
these ~ t a t i ~ n ~ ?  

A In our re-analysis, only the three unit blocks of Brown 1 & 2, Ghent 2, and Mill 

Creek 1 & 2 are affected by the decision to add SCR, or more specifically realize 

a significant avoided cost of SCR by retiring, rather than retrofitting these units. 

The results of this analysis are shown in P-E2, Box 4. The NPVRR 

of retrofitting Brown 1 & 2 shrinks from $230 million to $34 million, and both 
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Ghent 2 and Mill Creek 1 & 2 move from over a billion dollars of benefit to about 

$800 inillion benefit each. 

The $34 inillion net benefit remaining at Brown 1 R: 2 once SCR is required- 

assuming the company’s gas price is correct- is a narrow margin upon which 

to base a decision to retrofit aid maintain this unit At about 1% of the total 

NPVRR of the total system cost, this narrow window could easily be violated 

by uncertainties in the model, forecast he1 and emissions prices, or capital 

requirements. 

This component of the re-analysis alone should cause the Companies to 

reconsider their decision to retrofit the Brown 1 & 2 units. 

What is the result of the re-analysis e x m m ~ n ~ ~ ~  the m d d i ~ ~ n a ~  cost of Sd: 

Combining the mid-range gas price re-analysis and the avoided cost of not 

building SCR at these stations has a dramatic impact on the retirehetrofit 

decision The results of this analysis are shown in Exhibit JIF-lE2, Box 6 Our re- 

analysis indicates that retrofitting Brown 1 & 2 would result in a NPVRR Zoss of 

$146 million to the Companies, and is an inefficient solution. 

and the mid-rmge gas price at these stati~ns? 

A 

The Ghent 2 and Mill Creek 1 & 2 units are also diminished in benefit to $441 

and $270 million NPVRR relative to a retirement decision, significantly down 

from the billion dollar benefit suggested by the Companies’ original analysis 

Q 

A 

Q ~ S  the Companies’ model address the risk of carbon dioxide emissions 
~ ~ t ~ ~ a ~ ~ Q ~ ?  

No. The Companies make no reference to recent legislative proposals to mitigate 

carbon dioxide (COz) einissions or to the existing Greenhouse Gas Tailoring Rule, 

finalized in May 2010, whch requires that projects that increase GHG emissions 
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substantially obtain air permits that regulate these emissions. These actions could 

reasonably impose a cost on the emissions of C02. 

Are my of the carbon dioxide risks currently ap Bicable OB’ is future 
Pegi§fla~Ve 01’ regUkdOll.gr acI?Qn Ii’eqlaiB’ed befoIfe 

A Current regulations impose a risk on the Companies’ fleet of coal-fired power 

plants. Under the Greenhouse Gas Tailoring Rule, if a modification to a power 

plant will cause an increase in greenhouse gas emissions of 75,000 tons per year 

and the total emissions from the plant exceed 100,000 tons, then the plant must 

control its greenhouse gas emissions with the best available control technology 

(BACT). The Companies anticipate in the “no retirements” Strategist run 
that some of their coal units-units that are receiving major envirorlmental 

modifications-would increase CHG emissions beyond this threshold in the next 

few years. Therefore, if was completely unreasonable for the Companies to not 

address this regulation 

hy does the Companies’ Back of a C price represent a risk to ratepayers? 

A The vast majority of scientists who study climate change and climate change 

impacts, myself included, have concluded that unabated greenhouse gas 

emissions, particularly emissions of C02, pose an extraordinarily large risk to 

human societies and economies. These risks and costs will become increasingly 

obvious in the coming years and decades as Ihe damages to communities, 

ecosystems, and species mount. This risk cannot be addressed without significant 

reductions in C02 emissions, a large share of whxh come from the power sector. 

Assuming federal policy will ultimately address this problem, at some point in 

the not-too-distant future, coal-fired power plants will be required to either cease 

operations or make capital investments to capture and permanently store C02 

emissions (using technology whose nature and cost are not lcnown today), or pay 

others to do so in their stead. Power producers will likely realize these regulations 

as a cost imposed on C02 emissions 

Due to the increasingly contentious politics associated with regulating C 0 2  and 
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other greenhouse gases, it is uncertain when such regulatory or legslative actions 

might occur However, if the weight of evidence does eventually prevail, it is 

my opinion that there will be no choice but to find mechanisms to reduce COz 

emissions, those actions would almost certainly impose costs on sources with 

large CQz emissions, such as coal-fired power plants 

The Companies' failure to address C 0 2  risk results in no carbon price at all It 

is my opinion that this is an extremely unlikely scenario, and this failure to plan 

for a likely significant future costs poses a major regulatory risk for LG&E/I<TJ 

customers. 

decision &rOlfit Versus lr&ilW Units of theb' CQaI fleet? 

Yes. I have conducted a re-analysis of the Companies' plan implementing a mid- 

range COz price as forecast by my firm, Synapse Energy Economics, attached 

The Synapse forecast was produced in February of 201 1, 

and represents the marlied uncertainty in how and when greenhouse gas prices 

rnight apply. The forecast is a public document explaining background, state and 

regional initiatives, analytical estimates, and the recommended Synapse 201 1 CO, 

price forecast for planning purposes 

For the purposes of this case, I have tested the re-analysis with the Mid, or 

Expected, COz Price Forecast. This C 0 2  price starts at $1S/ton (2010$/short ton) 

in 2018 and climbs to $SO/ton in 2030. The levelized cost is $26/ton over the 

period 201 5-2030. 

I used a straight-line extrapolation to extend the Synapse Mid C02  price through 

2040, and adjusted the price from constant 2010$ to nominal dollars at the 2.18% 

inflation rate consistent with the Companies effective natural gas price inflation 

rate (see rebuttal witness Sinclair worlcpapers) Sierra Club witness Ms Wilson 

incorporated these COz prices into the re-analysis 

Are the C 0 2  prices you used in the re-analysis similar to C02 prices utilized 
by the Companies in the past? 
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A Yes. In the Companies’ 2008 IRP they included C02 pricing in their modeling 

?he Companies utilized an intermediate and high carbon price, similar in 

magnitude to our price estimate. The Companies noted that it needed to account 

for these costs because of r isks associated with future regulation or legislation. 

Q 

A 

hat are the resanllts of in2 ~ e ~ e ~ ~ ~ n g  the c 2 price on the retire/retrofit 
decision? 

As with the corrected gas price andysis, a CO2 price tends to favor gas 

replacement relative to coal, therefore drawing down the NPVRR benefit of 

maintaining any units in the coal fleet E x ~ ~ b ~ ~  JPF-E2,, Box 5 shows the effect 

of using only the Synapse Mid C02  price on the NPVKR of each retirehetrofit 

decision, leaving the Companies’ original gas and SCR assumptions intact. 

Imposing the Synapse Mid CO:! price results in an economic loss at Brown 1 & 

2 of $157 million, at Mill Creek 1 & 2 of $20 million, and even Ghent 1 of $4 

million 

Using a mid-range gas price provided by the Companies’, and imposing a C02 

price risk on the fleet, the retrofithetire decision changes for much of the fleet 

under consideration - barring Trirnble County 1, Ghent 4, and Ghent 2, all of 

the other units are rendered non-economic relative to the Strategst replacement 

options (see Exhibit P-E2,, BOX 7).23 

Finally, applying all three revised assumptions to the model results in an apparent 

non-economic performance of all but the Trimble County 1 and Ghent 4 units (see 

e-Analysis Findings 

Q odd you snammaliae your re-analysis findings? 

23 By the same virtue that the net benefit of maintaining Brown 1 & 2 witli an SCR only assmnption {Box 
4) might be considered a solution “in the noise” at $34 million NPVRR, the Ietirement of Ghent 3 and Mill 
Creek 3 in this scenario (at 3 2 4  and $43 million, respectively) might also be considered “in the noise” 
Clearly, should a COz price be implemented, the regional impact would be significant and tlius these 
retirements should be considered within the context of regional changes as well 
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A I stipulate that while the Companies have constructed a reasonable and thoighthl 

approach to evaluating the retrofithetire decision for each of their coal units, 

basic fundamental inputs into the Companies’ model are flawed, tainting the 

analysis and ultimately exposing ratepayers to unnecessary risk. Any one of these 

three flaws-gas price forecast, SCR requirements, or the risk of a C02 price- 

demonstrates that some of the units for which LG&E/KTJ is requesting CPCN and 

an environmental surcharge are not economic. 

TJsiiig any two of these corrections in concert dramatically changes the 

Companies’ decision to retrofit nl least the Brown 1 & 2 units, and calls into 

serious question the cost-effectiveness of upgrading other coal units as well. 

The risk that the Companies will be exposed to by a C 0 2  price is by no means 

de minimis, and yet in this analysis, the Companies has failed to review this risk 

- much less assessed how it could change the fonvard-going economics oftheir 

coal fleet. 

I find that the Brown 1 & 2 unit retrofit is a h g h  risk, and likely a net loss under 

reasonable mid-range assumptions, and that the Companies’ gas price and C02 

assumptions overstate the benefit realized by maintaining these units. 

Are there other ~ ~ Q ~ ~ ~ ~ s  or concerns that you9ve ~~~~~~e~ in t 
Companies’ modeling in this case? 

There are. I have concerns with A 

the large-block capacity additions, 

e the lack of transactions with other companies, 

e, emergency energy costs, 

the order in which units are chosen for retirement, and 

(B, the Companies’ assumed SO2 and NO, prices 
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A Central station power plants are constructed in discrete sizes. This can present 

challenges for system planners, in that capacity additions may result in excess 

capacity for some period of time, and related challenges in terms of planning 

analysis and modeling. 

In this case, the gas combined cycle plant that is called upon in the Strategist 

model in or around 201 6 is roughly 1000 MW in capacity. This is quite large for 

a system the size of LG&E/I<U, which has an annual peak demand of about 7000 

Mw. 

The graph shown in Figure 3, below, illustrates the “large-block” issue in two 

different cases - in red, the case in whch there are no retirements and in green, 

the “maximurn” retirement case where Tyrone 3, Green €her 3 & 4, and Cane 

Run 4-6 are all retired in 2016 24 

6) In the “no retirements” case, a single 1000 M W  3x1 unit is built in 2017, 

exceeding the capacity requirement by 700 MW in the first year, and 

leaving an overbuilt system through at least 2022. 

In the Conipanies’ “maximum retirements” case,25 the total capacity of 

retired units works out to exactly the rated capacity of the 3x1 gas unit, 

and thus there is nearly a perfect replacement in 2016. Thereafter, the 

supply echoes the “no retirements” scenario, offset by one year. 

24 Scenario using Companies assumptions 

25 Not named as such by the Company, but the scenario in which Tyrone 3, Green River 3 & 4, and Cane 
Run 4-6 are all retired. 
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Figure 3 Peak demand, summer capacity requirement (assuming 16% target reserve margm), and 
supply in two retirelrehofit cases 

The Companies’ chosen modeling constraints that require the system to be 

overbuilt by large margins is what I mean by “large-block” problem. 

ow does the “iaarge-block” issue impact the a r e ~ a r ~ / ~ * e ~ a r ~ ~ ~  decision? 

There is a large inismatch between the size of the coininonly chosen 3x1 gas 

CC and the coal units available for potential retirement. Orie of the confounding 

circumstances that occurs is when a small unit is retired, or considered for 

retirement, but there are only large units available for replacement. 

For example, take the case of the “maximum retirements” case above, where the 

combination of six retiring units in 2016 works out to exactly the size of a 3x1 gas 

CC, and thus a “perfect” replacement. The next unit that the Companies analyze 

is Mill Creek 4, which is 544 MW The model chooses to build two 3x1 CCs in 

201 6 to make up the gap, overbuilding by 363 M W ,  and advancing a large capital 

expenditure forward by two years (from 2018 to 2016), wliich would inflate the 
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NPVRR of t h s  scenario unnecessarily. 

Q 

A 

hat can be done about this 6 6 ~ a r ~ e - ~ ~ o c ~ ’ 9  issue in ~ o ~ e ~ ~ n ~ ,  and in acm 
SYSikWn eXpaillShn? 

In conducting utility system planning it makes sense generally for the capacity 

addition options to have a resemblance in size to the particular capacity decisions 

being made, and to rnwimize flexibility where feasible in the system. In other 

words, if the focus of the analysis is upon coal units sized at about 100 MW then 

you can minimize the large-block problems by offering the model replacement 

capacity additions available in 100 MW size. Also, it is informative to look at 

capacity increments in terms relative to annual load groivth. In this case, the 

annual load growth projected by the Companies, and input to Strategst, is about 

100 to 200 MW per year So capacity additions of 1000 MW represent anywhere 

from five to 10 years of load growth. It is, in my opinion, more reasonable for 

modeling purposes to have multiple additions that represent two or three years 

of load growth, so that the model results are smoother and less subject to erratic 

noise caused by the large additions of unneeded capacity in a particular year. 

In the actual system expansion, adding more reasonably sized increments of 

capacity can help to avoid having customers pay for excess capacity for long 

periods of time, and the rate shock and economic issues that it can engender. 

One way that utilities can avoid these problems (in modeling and in actuality) 

is to share capacity additions. If a 1000 MW combined cycle plant truly offered 

significant efficiencies or economies of scale, then perhaps two companies could 

partner and co-own the construction project of such a plant. Indeed, there are 

likely many utilities across Kentucky and the larger region that are facing similar, 

if not identical, retrofithetire decisions as the Companies, and on the same 

timescale. In this case, the Companies should consider modeling incremental 

shares of a large, cost effective natural gas plant, as if it were to be a shared 

expense with other utilities in similar positions. 

Are there sthen. issues of conceam with the large replace 
in the Strategist model? 
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A 

A 

98 

A 

Yes. The model inputs suggest that the 3x1 CC units are rated at 1009 Mw, but 

provide only peak capacity of 907 MW, an unusually large de-rating for a new 

and ostensibly quite efficient unit. 

Also, results from the Strategist model, provided by my colleague Ms. Wilson, 

suggest that these very large CC units are run at extremely low capacity factors - 

2.5% to 33%, or well below what is expected from a baseload-capable unit. While 

we have not had the opportunity to explore these issues yet in greater depth, 

intuitively it seems as if a combination of fewer gas CC units and either pealcers 

or additional demand response (or both) could provide a more cost-effective 

capacity and energy replacement. 

eRla WheUl YOU Say ifhat there iS 8 prQbkm W i t h  2% “hck of 
t r a m ~ ~ c t ~ ~ ~ ~  with other c o m p ~ n i e ~ ~ ~ ?  

Well, the problem is really that the Companies’ Strategsl model treats its system 

in nearly complete isolation from neighboring utilities and other generators in 

the region. In reality, the Companies are very well interconnected with their 

neighbors and the investment in the transmission that makes that possible is in 

rates that their customers pay 

e broader regional system influence the 
economics of retirimg specific coal-fired power plants? 

In general, the availability of purchasing energy from others, either bilaterally or 

through MIS0 markets, would present additional resources that could play a part 

in the energy mix replacing the generation that would otherwise have come from 

the retired units over nt lemt short periods of time or for fairly limited capacity 

requirements. By modeling its system in isolation in Strategist, the Companies 

have unrealistically restricted the range of potential sources of replacement 

energy, therefore ericwnbering the model artificially in regards to efficient 

retirement. 
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A In the Strategist model, the Companies have included an extremely expensive 

source of power purchases, emergency power. Typically, emergency power is 

regarded as exactly that, a resource of last resort when nothing else is available 

The Companies have assumed that the cost of this energy is $16,600 per R/PWh26 - 

or several hundred times as expensive as typical power sources. 

Thrs very hrgh “emergency energy” price represents the costs incurred or reported 

by customers who suffer interruptions in service. In fact, there are numerous 

other lower cost measures that can be, and are, called upon before interrupting 

service These include purchases from other companies, calls for demand 

response, and various emergency operating procedures These do not appear to be 

adequately represented in the Conipanies’ model. 

In the model results, emergency energy represents only a fraction of the total 

system energy - anywhere from 80 MWh to 5,400 MWh per year, or something 

like 0.001% to 0.01% of total energy requirements in the LG&E/IW system - 

and yet the total costs of t h s  energy reaches up to $90 million in some years and 

cases. 

required to run the LG&E/ 
a concern in this malysis? 

y are emergency generation costs 

A Costs of $10-$90 million are small in cornparison to the total production and new 

unit capital costs seen in this model on an annual basis (between 0.5% and 4%), 

but where these values become extremely important is in the difference between 

the Strategist runs, paticularly for marginal units It is unclear what threshold 

the Companies would require in order to determine if retirement or retrofit is the 

better option, and the difference between the NPVRR of the emergency power 

might, in some cases, exceed the cost difference between two scenario runs. For 

example, as indicaied in Exhibit CRS-2 towitness Schram’s rebutial testimony, 

The $16,600 value remains coilstant throughout the study period, i~nplyirig that the cost diminishes in 
real terms over the analysis period 
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high emergency energy costs consistently favors the retrofit decision. Of note, 

using a $16,600/MWh charge rather than, for example, a cost of$1,000/MWh 

favors the retrofit o f  Mill Creek by $76 million, and Brown 1 & 2 by $23 million 

I conclude that, even for these forward-pl‘anning exercises, it is quite critical to get 

this value correct and justified 

Q 

A 

Are you able to give an example where the cost of emergency energy could 
tip the balance in this ~ ~ a ~ y s ~ s ~  

Yes. In the 201 1 Air Compliance Plan (Exhibit CRS-l), the explanation next to 

the Cane Run 6 analysis explains that even though the NPVRR favors retrofit, the 

difference is quite small - only $8 inillion The Companies explain (Section 4.2.5) 

that. 

If the Companies install controls on Cane Run 6 and the PVRR of 

a fiilure expenditure not contemplated in this analysis exceeds $8 

million, installing controls is not the least cost option Because the 

possibility of this occurring is considered hgh, the Companies do 

not recommend installing environmental controls on Cane Run 6 

Cane Run 6 will be retired when the air regulations take effect 

In contrast, under the section “Future Environmental Costs” in the Sensitivity 

(Section 2.3), the Coinpanies explain that: 

Because more stringent NO, emission reduction requirements in 

the future could require the coristruction of SCRs on some or all of 

these units, the Companies considered the cost of potential controls 

and whether these costs could be incurred without changing the 

Companies ’ current recommendation. 

The Companies goes on to explain thal the net value of Brown 1 & 2 in their 

analysis is $228 million, and the NPV of installing SCRs on these units is $195 

million The net difference, $33 inillion is, accordmg the Companies, sufficiently 

large enough to justifjr the continued use of the units. 
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However, the NPVRR differences between scenarios due to the “emergency 

power cost” can quickly dirniriisli the $33 million dollar value and feasibly 

cliange the results of the analysis. Indeed, witness Shram’s rebuttal testimony 

would suggest that t h s  value could be only $10 million net benefit if the cost of 

emergency energy is closer to $1000/MWh rather than $16,60O/FVNvh. 

Q ~ ~ ~ a i f  is your CBWCWllB ‘With ifhe ~ Q ~ ~ ~ ~ ~ e ~ 9  $ 0 2  68UR 

A In the concurrent 201 1 IF@, the Companies show their forecast of SOz and NO, 

prices. These prices start at $1 9 and $460/ton of pollutant, ‘and drop to zero by 

20 14 - remaining at zero thereafter. 

The Companies will have the opportunity to trade SOz and NOx allowances 

within the state and outside the state to a limited extent under the CSAPR 

rule, and should therefore carefully evaluate the opportunities and opportunity 

costs associated with selling excess allowances through retirement or retrofit 

or purchasing allowances if plants are not retrofitted. The Companies should 

incorporate these costs into the Strategist model. 

Q 

A 

So why are the ~ ~ ~ ~ a ~ ~ e ~ ’  $ 0 2  and NOx prices a c~rtllcerw? 

‘They are much lower than the prices predicted by the EPA. In its RegulatoIy 

Impact Assessment for the CSAPR rule, the EPA predxcts that SO2 prices in the 

Group 1 Trading Program (of which Kentucky is a member) at approximately 

$1000/ton in 2012 and $1,100 in 2014, whileNO, prices in the ozone season 

tradxng program (of which Kentucky is also a participant) will reach up to $1,500 

in 2014 - a far cry from zero 

While I have not produced a prediction of SOz and NO, trading prices after 2014, 

I believe it is incumbent on the Companies to carefully assess those costs and 

opportunities, as they have the potential to change the Companies’ retirehetrofit 

calculus. 
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A Yes. I understand that the Companies evaluate the cost efficacy of maintaining 

their fleet on a unit-by-unit basis. Each time a unit is found to be non-economic 

in the retire/retrofit analysis, it is assumed to be retired in year 2016, as part of the 

base case. In this stepwise system, units which are analyzed early are compared 

to a “no retirements” or at least “few retirements” scenario, while units which 

are analyzed late are compared against a “many retirements” scenario. Each time 

a unit is retired, the remaining units, by virtue of being in a “closed” system, 

increase in capacity factor and therefore look marginally more economic. 

By the time we esaniine the last units in this system, those units may look far 

more economic than if they were considered first. 

Q 

A 

What woulid yolu ~ e ~ O ~ ~ e ~ ~  the companies do to rectify this ~~~~~e~~~ 

I understand that there is a legitimate question raised by retirement, in which 

remaining units may indeed have to malce up some of the energy lost by retiring 

other units; therefore, I do not fundamentally object to this sort of test. However, 

I would suggest that the Companies should test each unit’s cost effectiveness 

against the “no retirements” case, determine which units will be least cost 

effective going forward rather based on current operations and choose to retire the 

least economic units first. This sort of re-ordering of the analysis should happen 

in parallel with the evaluation of the emergency energy price, more mid-sized 

unit replacement (or large unit shares) options, and realistic connections between 

LG&E/I<U and neighboring utilities. Given the immense dollar amounts at stake 

and minor expense of computer time and analysis labor, as well as the multi- 

decade length of the commitments involved, the company could feasibly find 

more optimal retirementhetrofit solutions. 

I believe that these types of adjustments would make for a less noisy and more 

realistic solution by which to judge the merits of granting CPCN 
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A No. We have had to prioritize the efforts of this re-analysis given that we had 

a liinited period of time in which to complete it. We chose to focus only on the 

most pressing concerns, described in the re-analysis sections. 

Q 

A 

Are there issues and errors iaa the co PiWlY’S USE Qf S~B’ate@§e beyOIla% thO§e 
that YQU’Ve ~ a % ~ ~ ~ ~ e ~  $hi§ ~ e S ~ ~ ~ ~ y ~  

There may be other issues and errors. I have presenled in t h s  testimony all of the 

problems and concerns that I have identified at this point in time. That does not, 

of course, mean that there aren’t other problems with the inputs or methodology 

that have gone unnoticed. System modeling is a complicated matter, and it 

should be done carefully and thoughtfully. 

A In my opinion, the company has used a series of input assurnytioris in their retire/ 

retrofit model that do not adequately reflect ratepayer risk. In addition, I have 

identified a numbe1 of concerns with the Companies’ modeling framework and 

assumptions, but have not had the opportunity to assess how much these problems 

impact the retireketrofit decision. Basing resource decisions on those assumptions 

and methodologies would burden the Companies’ ratepayers with substantial and 

unnecessary costs and r i sks  

By correcting the company’s natural gas price forecast, a move that the 

Companies appear to endorse as evidenced in their late-breaking “Supplemental 

Analysis” filed on September 14, 201 1 3 ,  the economic merit of retrofitting the 

Companies’ coal-fired units diminishes significantly A simple correction to the 

gas price should result in the decision to retire Brown 1 & 2, rather than expend 

additional dollars on retrofitting these units. 

‘The Companies’ assessment of the requirement for SCR requirements at Brown 1 

& 2, Ghent 2, and Mill Creek 1 & 2 is inaccurate and understates the significant 
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risk that these units will require rigorous NO, controls to comply with both 

current and pending ozone i-ules. Even accepting the company’s gas price 

forecast, the risk of SCR at Brown 1 & 2 should result in the choice to retire, 

rather than retrofit these units. When the mid-range gas price forecast is utilized 

and under the circuinstance that SCR is required, Brown 1 & 2 are clearly non- 

economic and pose a marked risk to ratepayers. The Mill Creek 1 8L 2 units 

remain margmally economic, but would certainly be considered high risk under 

this circumstance and that is only if all the other erroneous assumptions and 

methodologies are ignored. 

Finally, I believe that the lack of a COZ price (or a range of COZ forecasts) in the 

Companies’ model inappropriately exposes the Companies and their ratepayers 

to substantial costs for carbon regulatory risk. Indeed, applying a mid-range C 0 2  

price to the forecast results in the marked reduction in cost-effectiveness of all of 

the Companies’ coal units. Applying both the COz price and the adjusted natural 

gas price makes much of the I<U/LGE fleet appear non-economic. 

o First, under most reasonable assumptions, retrofitting and operating 

Brown TSnits 1 8L 2 is anywhere from marginal to non-economic, relative 

to replacement with natural gas. Therefore, 1 recommend the Commission 

deny CPCN for these units. It is unlikely that a re-analysis of the risks to 

Brown Units 1 & 2 would result in a dramatically different outcome for 

these units 

0 Second, a corrected gas price and mid-level C02 price appears to render 

much of the I<TJ/LG&E fleet non-economic. However, in absence of more 

information about replacement capacity availabilify and transmission costs 

and availability, a specific course of action for these other units cannot be 
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recornmended at this time. Instead, it is incumbent on the Companies to 

assess these costs and risks comprehensively prior to requesting a CPCN 

The net impact of these considerations is that I recommend that, in this docket, the 

Commission deny the requested CPCNs 
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e Developed suite of algorithms to correct optical and sensor error in hyperspectral dataset 

emote Sensing Specialist 2000 
3Di, LLC Remote Sensing Depamnent. Easton, Mavyland 
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Nominal Dollar Analysis &Wood Mackerizie Gas Prices - October 31, 2011 
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Synapse has prepared 201 1 COS price projections for use in Integrated Resource Planning (IRP) 
and other electricity resource planning analyses. Our projections of prices associated with carbon 
dioxide emissions reflect a reasonable range of expectations regarding the likelihood and the 
magnitude of costs for greenhouse gas emissions Our high bound on our C 0 2  Price Forecast 
starts at $15/ton in 2015, and rises to approximately $80/ton in 2030 This High Forecast 
represents a $43/ton levelized price over the period 2015-2030 The low boundary on the Synapse 
C 0 2  price forecast starts at $15/ton in 2020, and increases to approximately $30/ton in 2030 This 
represents a $13/ton levelized price over the period 2020-2030 Synapse also has prepared a Mid 
CQ2 Price Forecast that starts a bit more slowly, but close to the low case, at $15/ton in 2018, but 
then climbs to $50/tOn by 2030. The levelized cost of this mid C 0 2  price forecast is $26/ton All 
annual allowance price and levelized values are given in 2010 dollars per short ton of carbon 
dioxide ' Our forecast is presented below, in Figure ES-1 The shaded region shows a range of 
allowance prices forecasted by various analyses of legislative cap-and-trade proposals Further 
details on these proposals are shown in later Figures 

Figwe E%$: Synapse price fWe6aSt 
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' All values in the Synapse Forecast are presented in 2010 dollars Results from EIA and EPA modeling analyses 
were converted to 201 0 dollars using price deflators taken from the US Bureau of Economic Analysis, and available 
at http //w bea gov/nationaI/nipaweb/SelectTable asp Because data were not available for 2010 in its entirety, 
values used for conversion were taken from Q3 of each year Consistent with EIA and €PA modeling analyses, a 5% 
real discount rate was used in all levelization calculations 

Synapse Energy Economics, Inch February 201 1 Carbon Price Forecast 1 
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Page Of 30 The future of climate change policy is unclear While climate legislation was considered in the last 
Congress, and passed the House, it did not pass the Senate; currently, there are a range of actions 
that could be taken by federal entities in the legislative, executive and judicial branches of 
government, as well as by states individually arid in regional organizations that will affect the 
competitiveness of resources with greenhouse gas emissions (these are described in more detail in 
the body of this report). The lack of clarity regarding the future of climate change policy in the 
United States presents a challenge, but is riot justification for assurriing there will be no cost 
associated with greenhouse gases, no effect on the competitiveness of resources based on their 
greenhouse gas emissions Though we cannot predict specific policies that will develop between 
now and 2030, the end of our forecast period, we believe that current and emerging state, regional, 
and federal policies are all indications that greenhouse gas emissions will not be without cost 
irripact on the emitter over the course of any investment in long-term resources Indeed, it would be 
imprudent to make resource decisions today based upon an assumption that carbon ernissions will 
be unregulated, or priced at zero, in the future 

The Synapse projections represent a range of possible future costs, recommended price 
trajectories, that are useful for testing range-sensitivity of various irivestrnent possibilities in 
resource planning in the electric sector The projection does not represent a prediction of specific 
future price trajectories; there will be variability and volatility in prices following supply and dernand 
dynamics, as there is with other cost drivers. We intend and anticipate that the C02 price 
projections presented here will be useful for planning in the face of uncertainty 

While reasonable people may argue about the ultimate timing and details of any policy, about the 
likelihood of various forrns of federal policy, and about the costs of specific technologies, we 
believe our forecast represents a valuable tool for use in resource planning and selection and in 
investment decisions in the electric sector 

Over the next several years the economics of power generation will change in a manner that 
rnakes sources with high greenhouse gas emissions less competitive relative to those with lower 
greenhouse gas emissions. This change in the competitiveness of resources will result from 
interactions arnong a variety of factors (including state policy actions, federal agency regulations, 
federal court decisions, federal legislative initiatives, technological innovation, and presidential 
administrations) not due to any single factor 

In the past few years, Congress has been a major focus for cliniate policy Congress has 
considered enacting legislation that would reduce greenhouse gas emissions through a federal cap 
on greenhouse gas emissions and trading ernissions allowances, or through other means. 
Legislative proposals and the President Obama's initiatives aim to reduce greenhouse gas 
emissions by approximately 80% from current levels by 2050 

Figure 1, below, shows the ernissions reductions trajectories from recent legislative proposals 
(Waxman-Markey HR 2454, Kerry-Lieberman APA 2010, and Cantwell-Collins S. 2877). 

Synapse Energy Economics, Inc, February 201 1 Carbon Price Forecast n 2 
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Page ' Of 30 Figure 1. Net Estimates of Emissions Reductions Under Pollution Reduction Proposals 
in the 1 1 1 tli U.S.Congress, 2005-2050 
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Despite passage of comprehensive climate legislation in the House in the 11 I t h  Congress, the 
Senate ultimately did not take up climate legislation in that session. On the other hand, the Senate 
did consider -- but did not pass - legislation that would have restricted the Environmental 
Protection Agency's ability to regulate greenhouse gases 

As the 1 12th Congress opens, prospects for legislation establishing an economy-wide emissions 
cap seem dim, and legislators seem instead likely to focus on policies that would foster technology 
innovation, and a possible multi-regulation approach to energy issues The 112th Congress is 
opening with simultaneous promises to use Congressional authority to prevent or delay EPAs 
ability to issue regulations concerning greenhouse gas emissions, and increasing interest in 
developing renewable energy standards or clean energy standards Congress is unlikely to take up 
an economy-wide cap and trade program in its new session, instead, legislators are likely to focus 
on policies that promote technological innovation. 

In fact, Congressional action is only one avenue in an increasingly dynamic and complex web of 
activities that could result in internalizing a portion of the costs associated with emissions of 
greenhouse gases from the electric sector As Congress wrestles with the issue, the states, the 
federal courts, and federal agencies also grapple with the complex issues associated with climate 
change Many efforts are proceeding simultaneously. 

The U S. Environmental Protection Agency (EPA) intends to mandate emissions reductions 
following the Supreme Court's determination that the harms associated with climate change are 
serious and well-recognized, that greenhouse gases fit within the Clean Air Act's definition of "air 

Synapse Energy Economics, Inc, February 201 1 Carbon Price Forecast 3 



Sierra Club 
KY Case No. 2011-00162 

Exhibit JIF-4 
Witness: Jeremy Fisher 

Page pollutant", and that the EPA has the authority to regulate greenhouse gases. As a first step, the 
EPA issued a finding that greenhouse gases endanger public health and welfare. The EPA has 
also developed regulations to limit any greenhouse gas ernission permitting requirements to the 
largest industrial sources, as well as regulations that boost automobile and truck fuel efficiency and 
contain the first-ever greenhouse gas tailpipe standards for vehicles. On August 12, 2010, EPA 
proposed two rules to ensure that businesses planning to build new, large facilities or make major 
expansions to existing ones obtain New Source Review Prevention of Significant Deterioratiori 
(PSD) permits that address greenhouse gases (GHG). These rules became effective in early 
January 201 1. EPA announced December 23, 2010 that it will issue greenhouse gas performance 
standards for new and modified electric generating units under section 11 l (b )  of the Clean Air Act, 
and for existing electric generating units under section 11 l (d )  with final regulations prornulgated in 
May 2012 and December 2012, respectively 

The states - individually and coordinating within regions - are leading the nation's policies to 
respond to the threat of climate change. In fact, several states, unwilling to postpone and wait for 
federal action, are pursuing policies specifically because of the lack of federal legislation. 

States continue to be the innovative laboratories for clirnate policy, and they are pursuing a wide 
variety of policies across the country 

Forty-three states have a greenhouse gas inventory, 

Forty-one states have a greenhouse gas registry, 

Thirty-six states have completed a clirnate action plan or have one in progress, 

Twenty-two states have greenhouse gas emissions targets, 

Eleven states have an electric sector cap and allowance trading, 

Five states have emissions performance standards 

Twenty-one states are participating iri the operation or development of regional emissions 
cap and allowance trading programs, with an additional nine states as official observers in 
those processes. 

Only Nebraska, North Dakota, and the District of Columbia appear not to be taking specific 
climate-related policy initiatives at this time. 

In general, states are also where the nitty-gritty decisions will be made about investments 
in new or existing power plants. 

The map below shows states with emission targets and those participating in, or observing, 
regional climate initiatives as of January 201 1 States that have adopted emissions targets and/or 
that are participating actively in regional climate initiatives comprise 44.4% of US electrical 
generation, 48.3% of retail electricity sales, and 58.1% of U.S. population. The observer states add 

Information on EPA's plans and regulations available from EPA website on climate change regulatory initiatives at 2 

http.//wwv\t.eua .qov/clirnatechanue/initiatives/index. h t a  

U S EPA, EPA to Set Modest Pace for Greenhouse Gas Standards, Press Release December 23,201 0 And U S 
EPA, Settlement Agreements to Address Greenhouse Gas Emissions frorn Electric Generating Units and Refineries 
- Fact Sheet, December 23, 2010 Available at http.//wWw.epa.~l/lairuuaIitv/pdfs/settlemeritfactstieet.odf 

Synapse Energy Economics, In&, February 201 1 Carbon Price Forecast = 4 
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population 

F$gtnre 2: S'atecs in regional climate initiatives andfor with greenhouse gas targets 

Three regions in the country have developed, or are developing greenhouse gas caps and 
allowance trading 

Regional Greenhouse Gas Initiative: The Regional Greenhouse Gas Initiative (RGGI) is an effort 
of ten Northeast and Mid-Atlantic states to limit greenhouse gas emissions and is the first market- 
based CO, emissions reduction program in the United States Participating states have agreed to a 
mandatory cap on CQ, emissions from the power sector with the goal of achieving a ten percent 
reduction in these emissions from levels at the start of the program by 2018 This is the first 
mandatory carbon trading program in the nation 

Western Climate Initiative: In 2007, Governors of five western states signed an agreement 
establishing the Western Climate Initiative (WCI), a joint effort to reduce greenhouse gas (GHG) 
emissions and address climate change Subsequently, two more states and four Canadian 
Provinces also joined the effort ' Fourteen states and provinces also are official observers of the 
process ' WCI members signed a Memorandum of Understanding agreeing to jointly set a regional 
emissions target and establish a market-based system-such as a cap-and-trade program covering 

The ten states are Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New 4 

York, Rhode Island, and Vermont Information on the RGGl program, including history, important documents, and 
auction results is available on the RGGl Inc website at www rggi.org 

The five states are Arizona, California, New Mexico, Oregon and Washington ' Utah, Montana, British Columbia, Manitoba, Ontario and Quebec 
Alaska, Colorado, Idaho, Kansas, Nevada, and Wyoming, as well as the provinces of Nova Scotia and 

Saskatchewan and the Mexican states of Baja California, Chihuahua, Coahuila, Nuevo Leon, Sonora, and 
Tamaulipas 

5 

7 
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Page 8 of 30 multiple econornic sectors-to aid in meeting this target The WCI regional, economy-wide 
greenhouse gas emissions target is 15 percent below 2005 levels by 2020, or approximately 33 
percent below business-as-usual levels The WCI Partners released the Design for the WCI 
Regional Program in 2010 

Midwest Greenhouse Gas Reduction Accord: In 2007, six states and one Canadian province 
established the Midwest Greenhouse Gas Reduction Accord (MGGRA).’ Three additional states are 
official observers.” The members agree to establish regional greenhouse gas reduction targets, 
including a long-term target of 60 to 80 percent below current emissions levels, and develop a multi- 
sector cap-and-trade system to help meet the targets. The MGGRA Advisory Group presented final 
recommendations in May 2010.” 

The Federal Courts have allowed common law nuisance actions to go forward against some of the 
nation’s largest owners and operators of fossil fueled facilities. In those actions, plaintiffs 
successfully stated a cause of action for harm suffered as a result of defendants’ carbon intensive 
activities that contributed to climate change The Supreme Court is due to take up legality of 
“nuisance” lawsuits over greenhouse gas emissions in 2012. If nuisance lawsuits are allowed to go 
forward, the threat of climate change lawsuits could spur congressional action 

It is not likely that all of these initiatives will move forward and result in a cost to emitting 
greenhouse gases. It is also not likely that none of these initiatives or similar initiatives will move 
forward. Any of these will happen in the context of implementing other policies that, while not 
focusing directly on greenhouse gas emissions (e.g. renewable standards, efficiency standards, 
investment in new technologies etc ) will reduce greenhouse gas emissions 

In the absence of a comprehensive federal policy, efforts to address the climate issues will persist, 
albeit in a variety of forums. The rnultiple threats of EPA regulation, litigation (nuisance arid plant by 
plant), and diverse state policies could very well create a strong demand for coordinated federal 
legislation However, it is clear that the absence of federal legislation has not brought efforts to 
formulate policies addressing greenhouse gas emissions to a halt, and it is equally clear that these 
policies will affect the costs of operating resources with high levels of greenhouse gas emissions. 
Regulation of greenhouse gases will increase the cost of producing electricity from power sources 
that emit greenhouse gases, reflecting either the direct cost of reducing emissions or the cost of 
purchasing emissions allowances. Though it is certain that emission-related costs will increase, the 
nature, magnitude and timing of the cost increases are uncertain and thus introduce financial risk 
into decisions to invest in long-lived capital-intensive resources that use carbon-based fuels 

Meanwhile, negotiations for international coordination on initiatives to mitigate and adapt to climate 
change are on-going. Most recently, the 2009 Copenhagen Accord called on developed nations to 
subrnit quantified greenhouse gas ernission reduction targets for 2020, and for developing nations 
to subrnit “nationally appropriate mitigation actions.” The United States has said it will reduce 

This summary is based on information available from Pew Center on Global Climate Change, www.pewclimate.org; 

The states are Illinois, Iowa, Kansas, Michigan, Minnesota, an: Wisconsin, as well as the Premier of the Canadian 

Observers are Indiana, Ohio, and South Dakota. 

8 

and also from the WCI website, www.westernckmateinitiative.or 

Province of Manitoba 

” This summary is based or1 information available from Pew Center on Global Climate Change, 
\Y\Nw.pe~vclirnate.org; and also from the MGGRA website, www.midwesternaccord.org 

Synapse Energy Economics, Inc. February 201 1 Carbon Price Forecast - 6 
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CLERK'S CERTIFICATE OF SERVICE 

c o n s i s ~ ~ ~ ~ i ~ r l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ' 1 f  the foregoing ORDER was sent 
greenhouse gas emissions in the range of 17% below 2005 levels by 2020, which is a target 

this day of ,201 1, via tJ.S. mail to the following: 

rejection under ~~~~~~~~~~~ 

C ~ ~ h ~ ~ ~ ~ B ~ p r e h e n s i v e  effort to reduce greenhouse gas emissions seems clear, the 
particular set of policies that will be adopted to bring about a low carbon economy are unknown It 

continue to struggle with the details and 
reliable and cost-effective electric sector does 

ultimately look like, it is certain that any 
reductions will mean that there is a cost 

some reasonable consideration 
of a range of potential costs into long-term investment planning in the electric sector 

to consult in developing a reasonable 
in the electric sector Though none of 

costs under various federal cap 

For this forecast, we have 
focused primarily on analyses of federal cap and trade proposals since they present a well 

H@k&%!f &@&!J%;prehensive exploration of the possible costs associated with carbon dioxide 
H @ f i i & @ . % m 8 v e  also taken into account other sources of information. 

C 

Greenebaum Doll McDonald PLLC 3df,l~,e,~~lp&rg~@&f'e,&g fy jy fes have been undertaken to evaluate the C 0 2  allowance prices 
that w uld Ky,lt&g,fhe major climate change bills introduced in Congress over the past several 

' ~ ~ ~ ~ ~ ~ P ~ ~ ~ ~ . ' ~ P h ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ t e  z%%vof the sources of the most 
bu it IS no ce in that. fe ral nd al lopnce trading program will ultimately be 

comprehensive estimates of costs associated with greenhouse gas emissions under a variety of 
regulatory scenarios. lhese estimates can be useful sources of information. It is not possible to 
compare the results of all of these analyses directly because the specific models and the key 

that climate policy in the U.S takes. While consistent f e d e m &  &&%%&tkh#?@nt 
mechanism for climate policy, the costs are associated with emissions limits and other policy 
details, not with the source of the rules Accordingly, the results of these analyses provide 
important insights into the ranges of possible future COz allowance prices under a range of 
potential scenarios 

assumptions vary Further, it is not certain that a federal c n m r r r n  - 

l2 Information is available at ~ w w . t x w c l i m e ~ / c o p e n h a q e n - a c c o r d  

Synapse Energy Economics, lnc, February 201 1 C a h o n  Price Forecast 7 
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CLERK'S CERTIFICATE OF SERVICE 
~~~~~~~ cgssts- and ~~~~~~~~~~~ on effects of 
at a true and correct copy of the foregoing ORDER was sent 

this da of ,201 1, via U.S. mail to the following: 
ThG'EXiRs o&he uozens OT analyses over the past several years show that there are a number of 

federal greenhouse gas regulation. Sorne 
some of thern pertain to the outlook for the context 

These include. the base case emissions forecast; the 
complementary policies such as aggressive 

are implemented, independent of the 
emissions allowance market; the policy implementation timeline, program flexibility regarding 

H@k&%k8f iw$erhaps  international) and allowance banking; assumptions about technological 
H~%&@%@$r&8@o~ absence of a "safety valve" price, and emissions co-benefits 
Sierra Club Environmental Law Pro am 8jQi&,gg& $f!yg&yy@e results of a f i i e  scenarios from multiple analyses in the past several 
s54;1pranclsco, e s. The stud (y$ydf~&incorporated into this graph are identified in Appendix A. 
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The results of these same analyses are represented in Figure 4, below, as ranges of levelized 
costs 
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parties, having heard arguments of counsel, and being otherwise sufficiently advised, it is 

hereby ORDERED as follows: 

1. Petitioners' Motion to Transfer is GRANTED. 

2. The Trimble County Circuit Court Clerk shall hereby transfer C.A. IO-CI- 

00227 to the Franklin County Circuit Court Clerk. 

So ordered, this day of ,201 1. 

SPECIAL JUDGE, TRIMBLE CIRCUIT COURT 
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'I'RINIBLE CIRCUIT COeTRT 

-CASE lure. IO;CT-O0227 
DIVISION I 
,I 

EIA HR 2454 -*- EIA APA 2 ,  EPA HR 2454 I EPA HR 2454 Supp 4 E P A  APA 

pursuant to KRS 4152.105, and the Court having reviewed the pleadings !md briefs of the 

2. The Trinible County Circuit Court Clerk shall hereby transfer C.A. 10-CI- 

00227 to the Franklin County Circuit Court Clerk. 

So ordered, this day of__- ,201 1. 

Syriapse Energy Ecrrnomics, Inc. 

SPECIAL JUDGE, TRIMlBLE CIRCUIT COURT 
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5 3 O D  di&cd%%%having reviewed the pleadings and briefs of the 

hereby ORDERED as follows: 

1 .  Petitioners' Motion to Transfer is GRANTED. 

2. The Trimble County Circuit Court Clerk shall hereby transfer C.A. IO-CI- 

00227 to the Franklin County Circuit Court Clerk. 

So ordered, this day of , 201 1. 

SPECIAL JT_JDGE, TRIMRLE CIRCUIT COTJRT 
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Our review of the more than 75 scenarios examined in the modeling analyses represented in 
Figure 7, above, as well as a closer examination of the most recent analyses of legislation 
considered in the 11 1 th Corigress indicates that: 

1 Other things being equal, rnore aggressive emissions reductions will lead to higher allowance 
prices than less aggressive emissions reductions. 

2 Greater program flexibility decreases the expected allowance prices, while less flexibility 
increases prices. This flexibility can be achieved through increasing the percentage of ernissions 
that can be offset, by allowing banking of allowances or by allowing international trading. 

3. The rate of improvement in emissions mitigation technology is a crucial assumptiori in predicting 
future ernissions costs For COz, loorning questions include the future feasibility and cost of carbon 
capture and sequestration, and cost irnprovements in integrating carbon-free generation 
technologies. Improvements in the efficiency of coal burning technologies and in the costs of 
nuclear power plants could also be a factor In general, those scenarios in the modeling analyses 
with lesser availability of low-carbon alternatives have the higher C 0 2  allowance prices. When low 
carbon technologies are widely available, C02 allowance prices tend to be lower 
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4. Complementary energy policies, such as direct investments in energy efficiency or policies that Page j5  of 

foster renewable energy resources are a very effective way to reduce the demand for emissions 
allowances and thereby lower their market prices A policy scenario which includes aggressive 
energy efficiency andlor renewable resource development along with carbon emissions limits will 
result in lower allowance prices than one in which these resources are not directly addressed 

5. Most technologies which reduce carbon emissions also reduce emissions of other criteria 
pollutants, such as NO, and SO2, and mercury Models which include these co-benefits will predict 
a lower overall cost impact from carbon regulations, as the cost of reducing carbon emissions will 
be offset by savings in these other areas Adopting carbon reduction technology results not only in 
cost savings to the generators who no longer need criteria pollutant permits, but also in broader 
economic benefits in the form of reduced permit costs and consequently lower priced electricity In 
addition, there are a number of co-benefits such as improved public health, reduced premature 
mortality, and cleaner air associated with overall reductions in power plant emissions which have a 
high economic value to society. 

6. Projected emissions under a business-as-usual scenario (in the absence of greenhouse gas 
emission restrictions) have a significant bearing on projected allowance costs. The higher the 
projected emissions, the higher the projected cost of allowance to achieve a given reduction target 

A number of electric companies include projections of costs associated with greenhouse gas 
emissions in their resource planning procedures. Table 2, below, summarizes the values used by 
utilities in their resource plans in the past two years. 
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high case assumes that pricing starts at $25/short ton in 2012 and escalates to 
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Our forecast of prices associated with carbon dioxide emissions reflects a reasonable range of 
expectations regarding the 'timing and magnitude of costs for greenhouse gas emissions We 
considered what policy developments (e g. regulation, regional coordination, federal legislation) 
would lead to costs in the near-term Our forecast of the range for the mid-term is dominated by 
projections of legislative compliance costs since those are readily available, rigorous analyses of 
potential costs under a variety of reduction targets These are informative even with current 
uncertainty about federal legislation since they represent the most comprehensive analysis of costs 
of achieving certain levels of reductions In the long-term, beyond 2030, we anticipate that costs of 
emissions will be governed by the costs of marginal abatement technologies However, our current 
forecast does not extend beyond 2030. All annual allowance price and levelized values are given in 
2010 dollars per short ton of carbon dioxide l 3  

The Synapse February 201 I COz price forecast begins in 2015. This assumption reflects the fact 
that Congress has lagged behind the states arid executive branch in developing a policy response 
to the science of climate change The earliest possible action that will affect power generation in all 
states will likely be regulations from EPA. EPA has agreed to issue final regulations by 2012 
Implementation of the regulations, resulting in costs to generators, is likely to be in 2013-2015 That 
time frame is also consistent with the development of regional emissions cap and allowance trading 
programs in the West and the Midwest that will affect 13 states beyond the I O  that are already 
participating actively in the functioning Regional Greenhouse Gas Initiative in the Northeast. 

The high bound on our COP Price Forecast starts at $15/ton in 2015, and rises to approximately 
$80/ton in 2030 Taken as a single trajectory, this High Forecast represents a $43/ton levelized 
price over the period 2015-2030 This High C 0 2  Price Forecast is consistent with the occurrence of 
one or more of the factors identified above that have the effect of raising prices. These factors 
include somewhat more aggressive emissions reduction targets, greater restrictions on the use of 
offsets, restricted availability or high cost of technology alternatives such as nuclear, biomass and 
carbon capture and sequestration, more aggressive international actions (thereby resulting in fewer 
inexpensive international offsets available for purchase by U S. emitters), or higher baseline 
emissions 

The low boundary on the Synapse C02  price forecast starts at $15/ton in 2020, and increases t,o 
approximately $30Aon in 2030. Taken as a trajectory, this represents a $13/ton levelized price over 
the period 2015-2030 By the year 2020 there is likely to be a price on greenhouse gas emissions 
either related to achieving greenhouse gas reduction goals, or to adaptation initiatives. A price on 
carbon affecting power plants throughout the country could come as late as 2020 if legislators fail 
to act for the next three sessions of congress, and if the President in power is either unable or 
unwilling to drive federal climate policy In our opinion, federal legislation is likely by the end of the 
session in 2018 (with implementation by 2020) spurred by one or more of the following factors. 

l 3  All values in the Synapse Forecast are presented in 201 0 dollars Results from EIA and EPA modeling analyses 
were converted to 201 0 dollars using pnce deflators taken from the US Bureau of Economic Analysis, and available 
at http //www bea gov/national/nipaweb/SelectTable asp Because data were not available for 201 0 in its entirety, 
values used for conversion were taken from Q3 of each year Consistent with EIA and EPA modeling analyses, a 5% 
real discount rate was used in all levelization calculations 
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technological opportunity, a patchwork of state policies to achieve state emission targets for 2020 Page l8 Of 3O 

spurring industry demands for federal action; a Supreme Court decision to allow nuisance lawsuits 
to go ahead resulting in a financial threat to energy companies; and increasingly compelling 
evidence of climate change Given the interest and initiatives on clirnate change policies in states 
throughout the nation, a lack of federal action will result in a hodge podge of state policies This 
scenario is a nightmare for any company that seeks to make irivestments in existing, modified, or 
new power plants Historically, just such a pattern of states and regions leading with initiatives that 
are eventually superseded at a national level is comrnon for energy and environmental policy in the 
US It seerns likely that this will be the dynamic that ultirnately leads to federal action on 
greenhouse gases, as well 

The low forecast boundary is consistent with the coincidence of one or more of the factors 
discussed above that have the effect of lowering prices. For example, this price boundary may 
represent a scenario in which Congress begins regulation of greenhouse gas emissions slowly by 
either, 

1 including a very modest or loose cap, especially in the initial years, 

2. including a safety valve price 0 1  

3 allowing for significant offset flexibility, including the use of substantial numbers of 
inter ri  ati on al offsets 

The factors could also include state actions to reduce emissions through aggressive energy 
efficiency and renewable actions, and/or a decision by Congress to adopt a set of aggressive 
corriplementary policies as part of a package to reduce C02 emissions. These complementary 
policies could include an aggressive federal Renewable Portfolio Standard, more stringent 
automobile CAFE rnileage standards (in an economy-wide regulation scenario), and/or substantial 
energy efficiency investments. Such complementary policies would lead directly to a reduction in 
C02 emissions independent of federal cap-and-trade or carbon tax policies, and would thus lower 
the expected allowance prices associated with the achievement of any particular federally- 
mandated goal. 

The range of prices we have shown is recommended for planning purposes, but it is certainly 
possible that the actual price will fall outside of this range. For example, there are some C 0 2  price 
scenarios identified in recent analyses that are significantly higher than our Synapse High Price 
Forecast. These scenarios represent situations with limited availability of alternatives to carbon- 
ernitting technologies and/or limited use of international and domestic offsets. We do not believe 
that the C02 prices characteristic of such Scenarios are likely in the current political environment, 
given that there may be avenues available for meeting likely emissions goals that would mitigate 
costs to below these levels However, the political context may change over time due to changes in 
technical, economic, and political circumstances, and/or developrnents in scientific evidence on the 
rate and impacts of a changing climate 

Synapse also has prepared a Mid or Expected C 0 2  Price Forecast that starts a bit more slowly, but 
close to the low case, at $15/ton in 2018, but then climbs to $50/ton by 2030. The Ievelized cost of 
this mid C02 price forecast is $26/ton over the period 2015 to 2030. 

The 201 1 Synapse High, Mid and Low C02 Price Forecasts are shown in Figure 8 and Table 3 
below 
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0 $100 .- 
N ! &  

i------r- a , ,  a , ,  , , , 
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

$24 00 $38 33 $62.67 
2027 $25.50 $41 25 $67 00 
2028 $27 00 $44 17 $71 33 

It is important to emphasize that these are price trajectories to use for planning purposes, so that a 
reasonable range of emissions costs can be incorporated to reflect likely costs of alternative 
resource plans, for example We do not expect carbon prices to follow any single trajectory in our 
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forecast Rather, our forecast can be read as the expectation that in 2015 the price will be between Page *O Of 30 

$0 and $15 in 2010 dollars, and in 2025 it will be between $23 and $58 It is entirely possible that 
the price will start out quite low, as Congress “tests the waters” on carbon policy, and rise closer to 
our high case as the need for greater emissions reductions becomes increasingly evident, rnore 
technological options become available, and the economy and the electorate adjust to paying for 
carbon emissions Just such a scenario was recently applied by Pacificorp in their proposed 
Integrated Resource Plan.14 Their “Low to Very High” trajectory begins at $lZ/ton in 2015 (2015 
dollars) and grows at only 3%/year in real terrns until 2020, and theri at 18% real escalation 
thereafter Converted into 201 0 dollars, this scenario has a levelized cost almost exactly the sarne 
as Synapse’ “Mid” case presented here. Figures 9 through 13, below, place the Synapse February 
201 1 forecast in context. They present the Synapse February 201 1 forecast alongside projections 
of greenhouse gas allowance prices associated with federal legislative proposals discussed in 
previous sections of this report 
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l4 Pacificorp, “Portfolio Development Cases  for the 201 I Integrated Resource Plan”, December 7, 201 0 
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Figure 13: 2030 Synapse CC?i prices 2nd greenhouse gas milowance price projections for HR 2454 and 
APA 2010 
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The Synapse projections represent a range of possible future costs These recommended price 
trajectories will be useful for testing range-sensitivity of various investment possibilities in resource 
planning in the electric sector There will certainly be variability and volatility in prices following 
supply and demand dynamics, as there is with other cost drivers Nonetheless, we intend arid 
anticipate that the projections represent a useful price range for resource planning and policy 
analysis in the face of uncertainty. 

The lack of clarity on the future of climate change policies in the United States does not diminish 
the irnportance of appropriate corisicleration of likely future emissions costs in electric resource 
planning. To the contrary, a reasonable projection of a range of costs is critical to investment 
decisions and the selection of least-cost resource plans that will be robust under a variety of 
circumstances. As the most comprehensive source of information on potential costs under a variety 
of ernission reduction scenarios, analyses of recent legislative proposals provide useful insight in 
developing a reasonable emissions price projection. These analyses of legislative proposals 
provide information that is useful in considering a variety of policy futures -well beyond those that 
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Page 25 of 30 include a national emissions cap and allowance trading program They explore the dynamic 
relationship between factors such as emission reductions, technology innovation, flexibility 
mechanisms (such as offsets), penetration of clean energy sources and efficiency, and others - all 
of which come into play under a variety of policy mechanisms The Synapse February 201 I Carbon 
Forecast represents a reasonable range of values to use in investment decisions and resource 
selection The range presented does not include the most extreme high or low values, which derive 
from a combination of factors that can reasonably be deemed unlikely to occur in combination 
Rather, it represents a reasonable range to use for purposes of robust analysis of resource plans 
and policy options, recognizing that the future will always involve uncertainty 

Synapse Energy Economics, lnc. February 201 1 Carbon Price Forecast a 23 



Sierra Club 
KY Case No. 201 1-001 62 

Exhibit JIF-4 
Witness: Jeremy Fisher 

Page 26 of 30 

Forecasts and Legislative Analyses: 

AI-Juaied and Whitmore, Realistic Costs of Carbon Capture; Harvard Kennedy School Discussion 
Paper 2009-08; July 2009 

Bianco, N. and Litz, F ; Reducing Greenhouse Gas Emissions in the United States Using Existing 
Federal Authorities and State Action; World Resources Institute, Washington, DC; July 201 0. 
http.//www. wri.orq/publication/reducinq-qh~-emissions-usinq-existin~-federal-~~o~ities~arid-state-. 
action 

Bloomberg New Energy Finance; Carbon Markets- North America - A fresh look at the costs of 
reducing US carbon emissions, January 14, 201 0. 
kittp://brief.com/DownIoad/UserFiIes File WhitePapers/NEF RN Carbon Markets NAmerica 201 
- 0 01 USMACC.pdf 

Charles River Associates; Analysis of the lmpact of Cape Wind ori New England Energy Prices; 
Prepared for Cape Wind Associates LLC; February 8, 2010 

DB Advisors; Investing in Climate Change 2009 - Necessity and Opportunity in Turbulent Times; 
Deutsche Bank; October 2008. 

Elmendorf, Douglas; The Economic Effects of Legislation to Reduce Greenhouse-Gas Emissions - 
Statement before the Committee on Energy and Natural Resources United States Senate, 
Congressional Budget Office; October 14, 2009 

ExxonMobile; Outlook for Energy - A  View to 2030; December 2009. Available at 
http://wviw.exxonmobil.com/corporate/files/news pub eo 2009.pdf 

EcoSecurities Consulting Limited; forecasting the Future Value of Carbon - A Literature Review of 
Mid- to Long-Term Carbon Price Forecasts; Report for the NWPCC; January 30,2009. 

Fawcett, Allen A et al; Overview of EMF 22 U.S. Transition Scenarios; Elsevier B. V 2009. 
Available online October 28, 2009 http://emf.stanford.edu/files/res/2369/'fawcettOve~iew22Ddf 

Folger, Peter; Carbon Capture and Sequestration; Congressional Research Service Report for 
Congress; June 19, 2009. RL33801 

International Energy AgencylCarbon Sequestration Leadership Forurn, Carbon Capture and 
Storage - Progress and Next Steps; Report to the Muskoka 2010 G8 Summit; 2010. Available at' 
http.//iea,org/papers/201 O/ccs ~ 8 . p d f  Article on this report states that C price in range of $80/ton is 
necessary to create incentive for CCS. 

Laitner, Skip; The Positive Economics of Climate Change Policies: What the Historical Evidence 
Can Tell Us; ACEEE; July 2009 

McKinsey & Company, Pathways to a Low-Carbon Economy- Version 2 of the Global Greenhouse 
Gas Abatement Cost Curve; 2009 

McKinsey &Company, Carbon Capture & Storage: Assessing the Economics, September 22, 2008. 

MIT; The Future of Coal- Options for a Carbon-constrained World; Massachusetts Institute of 
Technology, 2007 

Synapse Energy Economics, Inc, February 201 1 Carbon Price Forecast 24 

http://wviw.exxonmobil.com/corporate/files/news


Sierra Club 
KY Case No. 2011-00162 

Exhibit JlF-4 
Witness: Jeremy Fisher 

Page 2' O f 3 0  Pew Center on Climate Change; Economic lnsights fram Modeling Analyses of H.R. 2454 - the 
American Clean Energy and Security Act (Waxman-Markey), Pew Center; January 201 0. 
http://wwv\/. pewclimate. org/docUploads/economic-insi~hts-hr2454. pdf 

Synapse Energy Economics, Beyond Business As Usual. Investigating a Future without Coal and 
Nuclear Power in the U S., Prepared by Synapse Energy Economics for the Civil Society Institute; 
May 11, 2010. 

Trexler, Mark C , Reviewing the Results of Carbon Market Forecasting; Accessed October 19, 
201 0 at http.//www.nwcouncil.org/energv/grac/NWPCC EcoSecurities Seminar 004.ppt. 

US DOE; Appendix 15A- Social Cost of Carbon for Regulatory Impact Analysis Under Execiitive 
Order- 12866; DOE Energy Efficiency and Renewable Energy; March 2010. Available at. 
http://wwvQ.eere.energv.qov/buildinqs/appliance standards/commerciaI/pdfs/sem Lnalrule amen 
I__ dixl5a.pdf 

US Energy Information Administration; Energy Market and Economic Impacts of the American 
Power Act of 207'0, EIA; July 2010. SR/OIAF/2010-01 

US EPA; EPA Analysis of the American Power Act of 20 70; June 201 0 
http.//wvvw. epa.gov/climatechange/economics/economicanalyses. html 

US EPA, Economic lmpacts of S 1733~ 7he C/ean Energ,y Jobs and American Power Act of 2009, 
October 23, 2009 http"//www,epa.gov/climatechange/economics/economicanalyses html 

US EPA, EPA Preliminary Analysis of the Waxman-Marke,y Discussion Draft- The American Clean 
Energy and Security Act of 2009 in the I I l th Congress Waxman-Marke,y; April 20, 2009 June 
2009 Supplement January 2010 
m/ /www.  e pa .a ov/cl i matecha nq e/eco nom ics/eco nom i cana Ivses. h tm I 

Electric Company Resource Plans 

Avista, 2009 Electric Integrated Resource Plan, August 2009: 
h t t p . / / w w \ r ~ . a v i s t a u t i l i t i e s . c o m / i r \ s i d e v i s ~ a o / ~ 2 O 2 0 0 9 ~ ~ 2 0 l R P .  pdf 

Idaho Power, 2009 Integrated Resource Plan, December 2009 
http.//www. idahopower. com/AboutUs/P~nninaForFuture/irp/2009/ 

Los Angeles Department of Water and Power, 2010 Power Integrated Resource Plan, November 
2010: http.//wv.lapov~erplan.org/documents/final draft/lRP Final Draft w Appendices.pdf 

Nevada Power, Triennial Integrated Resource Plan 201 0-2029, February and July 2010. 
- ht tp : / /w / .  wenerqv. comlcom pa nv/rates/fili nas/ 

Northwestern, 2009 Electric Supply Resource Planning and Procurement Plan, June 2010 
http://\,wwv.northwesternenercw.com/ 

PacifiCorp: 201 1 IRP http.//www.pacificorp.com/es/irp. html 

Portland General Electric, 2009 Integrated Resource Plan, November 2009 
- http.//\iyW\y.portlandgeneral.com/our companv/news issues/current issues/energv strategv/docs/2 
009 irp.pdf 

Synapse Energy Economics, lnc, February 202 1 Carbon Price Forecast = 25 

http://wwv
http://wwvQ.eere.energv.qov/buildinqs/appliance
http://w
http://\,wwv.northwesternenercw.com


Sierra Club 
KY Case No. 201 1-001 62 

Exhibit JIF-4 
Witness: Jeremy Fisher 

Page 28 of 30 Public Service of Clorado- Xcel Energy, Clean Air Clean Jobs Plan, August 2010 
http://v~.xcelenerqv.com/Colorado/Com~anv/About Enerqv and Rates/Paaes/Clean-Air-Clean: 
Jobs-Plan.aspx 

Puget Sound Energy, Integrated Resource Plan, July 2009 
http.//www.pse.com/SiteCollectionDocurnents/2009lRP/lRP chapters web.pdf 

Seattle City Light, 2010 Integrated Resource Plan, 2010 
h t t p : / / w ~  citvofseattle. nett1 iR ht/news/issues/ird 

Sierra Pacific, NV Energy South 2010 Electric BTER, October 2010 
http.//wwvv. nvenergy. comic0 tn panv/rates/fili rigs/ 

Tri-State http //ww'~.tristate~t.or~/NewsCenteriter/Newslter~1s/Tri-State~02~lRP~020~2-15-2007~ 

Southwestern Public Service Company, 2009 lntegrafed Resource Plan for New Mexico, July 
2009. t~ttw.//\li/~wv.xcelener~y~m/SiteCollec~ionDocuments/docs/2009SPS~lMlRP.~df 

Northern States Power, Xcel Energy 2010 Resource Plan, 2010. 
http.//ww\~.xcelenerqv. com/SiteCollectionDocuments/docs/Up~er-Midwest-Resource-Pla~ 
F ilina. pdf 

Synapse Energy Economics, Inc. February 201 1 Carbon Price Forecast 26 



Sierra Club 
KY Case No 2011-00162 

Exhibit JIF-4 
Witness: Jeremy Fisher 

Page 29 of 30 

U.S. Energy Information Administration (EIA); Energy Market and Economic Impacts of the 
American PowerAct of 2010 (July 2010) ‘5 

EIA, Energy Market and Economic Impacts of H R 2454, the American Clean Energy and 
Securit,y Act of 2009 (August 2009) 
EIA; Energy Market and Economic Impacts of S. 280, the Climate Stewardship and 
Innovation Act of 2007 (July 2007). l 7  

EIA, Supplement to Energy Market and Economic Impacts of S 280, the Climate 
Stewardship and Innovation Act of 2007(November 2007) l8  

EIA, Energ,y Market and Economic Impacts of S. 1766, the Low Carbon Economy Act of 
2007 (January 2008).” 

EIA, Energy Market and Economic Impacts of S. 2191, the Lieberman-Warner Climate 
Security Act of2007 (April 2008).2” 
U.S. Environmental Protection Agency (“EPA); Analysis of the American Power Act of 
20lOin the 111” Congress (June 2010).2’ 

EPA, Supplemental EPA Analysis of the American Clean Energy and Security Act of 2009 
(H R 2454) (January 2010) 22 

EPA, Analysis of the American Clean Energy and Security Act of 2009 (H. R 2454) (June 
2009) 23 

EPA; Analysis of the Climate Stewardship and Innovation Act of 2007 - S. 280 in I IOth 
Congress (July 2007).24 
EPA; Analysis of the Low Carbon Econ0m.y Act of 2007 - S 1766 in 7 70th Congress 
(January 2008).25 
EPA; Analysis of the Lieberman-Warner Climate Securit,yAct of 2008 - S 2191 in I IOth 
Congress (March 2008).26 

Joint Program at the Massachusetts Institute of Technology (“MIT”) on the Science and 
Policy of Global Change, Assessment of U.S Cap-and-Trade Proposals (April 2007).27 

- 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Available at http //www epa gov/climatechan~e/ecnomlcsleconomicanalyses htrnl 
Available at http //www epa gov/clirnatechange/economics/economicanalyses html 
Available at http //web mit edu/globalchange/www/MITJPSPGC,Rptl46 pdf 

Synapse Energy Economics, fnc. 

” 

February ’201 1 Carbon Price Forecast * 27 

Available at http //www.eia gov/oiaf/servicerpt/kgl/index.htrnl 
Available at http //www eia.doe.gov/oiaf/servicerpt/hr2454/index. html 
Available at http://www.eia doe gov/oiaf/servicerpt/csia/pdf/sroiaf(2007)04 pdf. 
Available at http’//www eia doe gov/oiaf/servicerpt/biv/pdf/s280~1 OO7.pdf 
Available at http.//www.eia doe gov/oiaf/servicerpt/lcea/pdf/sroiaf(2007)06 pdf 
Available at http’//www eia doe gov/oiaf/servicerpt/s2191 /pdf/sroiaf(2008)01 .pdf. 
Available at http,//www epa.gov/clirnatechange/economics/pdfs/EPA~APA~Analysis~6-l410.pdf 
Available at http.//www epa gov/clirnatechange/economi~/pdfs/HR2454~Si~pplernentalAnalysis.pdf 
Available at http://www epa.gov/climatechange/economicslpdfs/HR2454~~Analysis.pdf 
Available at http://www.epa .gov/climatechange/eeonornics/eeonomicanalv~s html. 

http://www.eia
http://www
http://www.epa


Sierra Club 
KY Case No 201 1-001 62 

Exhibit JIF-4 
Witness: Jeremy Fisher 

0 Joint Prograrn at MIT on the Science and Policy of Global Change; Analysis of the Cap andpage 30 Of 30 

Trade Features of the Lieberman-Warner Climate Security Act - S. 2191 by the (April 
2008) 28 

e Duke University and RTI International; The Lieberman-Warner America’s Climate Security 
Act A Preliminary Assessment of Potential Economic Impacts, prepared by the Nicholas 
Institute for Environmental Policy Solutions (October 2007)29 

Opportunities under the Lieberman- Warner Climate Security Act. Assessing Compliance 
Pathways, prepared by the lriterriational Resources Group (May 2008)3ff 

Results from the National Energy Modeling System - Preliminary Results (January 
2008) 31 

2007 Using CRA’s MRN-NEEM Model (April 2008) 32 

NMA, Analysis of the Lieberman-Warner Climate Security Act (S. 2191) using the National 
Energy Modeling System (NEMS/ACCF/NAM) (March 2008).33 

0 Natural Resources Defense Council (NRDC), U. S Technology Choices, Costs and 

e Clean Air Task Force, The Lieberman-Warner Climate Security Act - S 2191, Modeling 

0 CRA International; Economic Analysis of the Lieberman-Warner Climate Security Act of 

Arnerican Council for Capital Forrnation and the National Association of Manufacturers, e 

Available at http://mit .edu/globalchange/www/MITJPSPGC-Rpt146-AppendixD pdf. 

Available at tittp://docs.nrdc.org/globaIwarniirig/y1o~08051401 A.pdf 
Available at http://Iieberman senate.gov/documerits/catflwcsa.pdf 
Available at http://www.nma .org/pdf/040808-~rai_preseritation .pdf . . . 

28 

*’ Available at tittp://www.riicholas.duke.edu/institute/econsumma~~pdf 

32 

33 Available at http://www accf.org/pdf/NAM/fulIstudyO31208.pdf. 

30 
31 

Synapse Energy Economics, Inc. February 201 I Carbon Price Forecast 28 

http://mit
http://Iieberman
http://www.nma
http://www


Attachment 2.10-1 

Prepared for: Prepared by: 
Public Service Company of Ventyx 
Colorado 23'79 Gateway Oaks Drive, Suite 200 

Sacramento, CA 95833 
Date Submitted: (91 6) 569-0985 
December 1,2008 www ventyx.com 

Contact: 
Richard Lauckhart, Senior Vice President 
Chintamani Kulkarni, Consultant 
91 6-609-7769 

http://ventyx.com


Attachment 2.10-1 



Attachment 2.10-1 

Liability Note 

Ventyx provides this document “as is”  without warranty of any kind, either expressed or implied, 
including, but not limited to, the implied warranty of merchantability or fitness for a particular 
purpose. Ventyx may inake changes or improvements in the equipment, software, or specifications 
described in this document at any time and without notice. 

Ventyx has made every reasonable effort to ensure the accuracy of this document; however, i t  may 
contain technical inaccuracies or typographical errors. Ventyx disclaims all responsibility for any labor, 
materials, or costs incurred by any person or party as a result of their use or reliance upon the content 
of this document. Ventyx and i t s  affiliated companies shall in no event be liable for any damages 
(including, but not limited to, consequential, indirect or incidental, special damages or loss of profits, 
use or data) arising out of or in connection with this document or i t s  use, even i f  such damages were 
foreseeable or Ventyx has been informed of their potential occurrence. 

0 2008 by Ventyx. A l l  rights reserved. No part of this document, or any software included with it, may 
be reproduced, stored in a retrieval system, or transmitted in any form or by any means, including 
photocopying, electronic, mechanical, recording or otherwise, without prior written consent of Ventyx. 
This document contains the proprietary and confidential information of Ventyx. The disclosure of i t s  
contents to any third party i s  strictly prohibited, without the prior written consent of Ventyx. 
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At the request of Public Service Company of Colorado (PSCo), Ventyx performed a 
stochastic analysis of the relationship between electric generating capacity reserve 
margin (aka, planning reserves) and the ability of the PSCo system to reliably maintain 
service to load. The analysis focused on the year 2013 and accounts for PSCo existing 
and expected generation resources and the anticipated availability characteristics of 
those resources The analysis takes into consideration PSCo's hourly customer electric 
demands and the volatility of those demands due to weather The analysis incorporates a 
representation of the reliability support that PSCo can expect to receive from the Rocky 
Mountain Reserve Group (RMRG) under single contingency events of 200 MW or 
greater The reserve margin study also incorporates PSCo's obligation to carry 
approximately 419 MW of operating reserves for year 2013 as part of its membership in 
the RMRG Additionally, the analysis considers the reliability contribution of transmission 
lifeline capacity generally reserved for system emergencies 

Ventyx performed the analysis using the Market Analytic's Planning & Risk Module 
(PaR) The load, wind generation, and unit availability were treated stochastically The 
level of energy not served from the PaR modeling work was used to determine the 
expected level of reliability for the system for different levels of capacity reserve margin 
The analysis indicates that a Planning Reserve Margin of 16 3% would provide an 
expected probability that the PSCo system would be unable to serve firm load customers 
approximately I-day-in-IO-years This level of reliability is considered acceptable and 
often used as a standard for reliable systems within the electric utility industry 
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.I PREVIOUS LOLP STUDIES 

In 2003 Resource Plan Filings with the California Public Utility Commission, three 
different Investor Owned Utilities (PG&E, SCE, and SDG&E) all performed portfolio 
stochastic analysis to assess appropriate levels of planning reserves In these analyses, 
the utilities selected an upcoming applicable year and tested the ability of their power 
supply systems to meet customer loads in that year under different utility supply portfolios 
that gave different levels of planning reserve The methodology involved performing 
hourly economic dispatch of resources against loads for each hour of the year. Because 
of the uncertainties of unit forced outage and load level variations caused by weather, 
multiple iterations of the year were performed Under each iteration, Monte Carlo draws 
were made daily that adjusted load levels either upward or downward Further, Monte 
Carlo draws were made to reflect possibilities of unit forced outage The California PUC 
accepted the methodology at that time, but more recently some utilities have indicated 
that higher reserve margins should be required because of the possibility of non- 
performance of PPAs, etc The California PUC has therefore opened another proceeding 
to discuss possible changes to reflect these matters 

It is typical to use a I-day-in-IO-year Loss of Load Probability (LOLP) when determining 
the needed Planning Reserve Margin This level of LOLP is equivalent to failing to serve 
the energy requirements of the system for 2 4 hours each year or 24 hours during a 10- 
year period 
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2.g OVERVIEW OF ANALYSIS PERFORMED 

Ventyx has performed a stochastic analysis of Loss of Load Probability on the PSCo 
system in a manner similar to the analysis performed by California investor owned utilities 
in the year 2003 and accepted by the California PUC as well as by PSCo in 2004 (filed 
with PSCo’s 2003 LCP) In particular, Ventyx focused on PSCo existing and expected 
generation resources and loads in year 2013 The analysis also reflects a PSCo 
operating reserve of 41 9 MW, which represents PSCo’s expected operating reserve 
obligation under the RMRG after the Comanche 3 unit becomes operational. 

Ventyx utilized its regional Market Analytics software module, Planning & Risk, to perform 
this stochastic reserve margin analysis of the PSCo system The key factors represented 
stochastically in this analysis are 

e 

e Weather related load volatility, 
Q Wind generation, and 
e Transmission lifeline capacity 

Unit forced outages and maintenance, 

Ventyx stochastically simulated the hourly dispatch of the PSCo system for year 2013, 
where Monte Carlo draws were performed for 100 iterations in order to capture the 
impact of uncertainties in these key factors 

2.2 TEST YEAR FOR ANALYSIS 

Consistent with PSCo’s 2007 CRP, PSCo provided the portfolio of resources, wind 
pattern, unit maintenance and forced outages and the hourly load forecast for the year 
2013 for the purpose of this study 

2.3 RESOURCES IN THE BASE YEAR 

PSCo generation resources in the year 2013 reflected in the analyses are listed in Table 
1 below The Comanche 3 facility was modeled at it full expected capacity of 784 MW 
and the full load requirements of IREA and Holy Cross were included in the modeling of 
customer demand (I e , as opposed to modeling only PSCo’s share of Comanche 3 and 
removing the portion of IREA and Holy Cross’s load that will be served by their ownership 
share of Comanche 3) 
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Peak Peak 
Resource Capacity Resource Capacity Resource 

MW MW 

Peak Peak 
Capacity Resource Capacity 

MW MW 

Alamosa 1 

Alamosa 2 

AMES HYDRO 

Arapahoe CC 

Basinl LRS2 

Basinl LRS3 

Basin2 LRS2 

Basin2 LRS3 

Betasso Hydro 

BioGas 75th ST 

BioMass 

12 82 Comanche 1 325 Hayden 1 139 Sunshine Hydro 0 7 

135 Comanche2 335 Hayden 2 99 Tacoma Hydro 8 5  

3 75 Comanche 3 784 Hillcrest Hydro 2 3 Thermo RS1 31CC 152 

479 Craig 1 41 6 KohlerHydro 0 1 5  Tower04WT 42 12 

50 Craig 2 4 1 6 LakeGeorge Hydro 0 23 Tower4 1WT 98 75 

50 CT-129-A 2586 ManchiefCT 2607 Tower49VVT 41 37 

37 5 Dillon Hydro 1 9  Maxwell Hydro 0 15 Tri2 Craig 1 9 93 

37 5 Foothills Hydro 2 3 OnSite Solar 1 1  89 Tri2 Craig2 9 93 

8 57 Fruita 15 Orodell Hydro 022  Tri2 Craig3 38 29 

0 5 FSV CC 1x1 226 Ouray Hydro 0 5  Tri2 LRSZ 19 18 

4 FSV CC 2x 1 252 Palisade Hydro 1 7 Tri2 LRS3 19 18 

Cherokee Diesell 5 5 1 WM Landfill Gas I 3 2 1 SunEdison Solar I 2 87 1 
(Wind contributed 12 5% of nameplate, Solar at 58% and Cabin Creek 210 MW) 

Brush 13 75 FSV CC 3x1 230 Pawnee 1 505 Tri3 Craig1 2 49 

Brush 4D CC2 133 FSV CT 270 PlainsEnd2 CC 224 Tri3 Craig2 2 49 

9 84 Cabin Crlc Genl 105 Ft Lupton 1 44 7 Redlands Hydro 1 4 

Cabin Crlc Gen2 105 Ft Lupton 2 44 7 Roberts T Hydro 6 1 Tri3 LRSZ 4 8  

Central Solar 11 12 Georgetown Hydro 1 2 Rocky Mtn CC21 601 Tri3 LRS3 4 8  

Cherokee 1 107 Gross Res Hydro 8 1 Salida Hydro 1 4 TST Brighton 132 

Cherokee 2 106 Spindle-CT 269 Shoshone Hydro 15 TST Limon 66 

Cherokee 3 152 SPS TteLine 101 Stagecoach Hydro 0 8 UNC Greeley EXT 68 86 

I Cherokee4 I 352 I Valmont6 I 43 I Strontia Hydro I 1 2  I Valmont5 I 186 I 

Tri3 Craig3 

In the ana lys is ,  the PSCo wind genera t i on  resources were lumped together into three 
dist inct  geographic zones C o l o r a d o M y o m i n g  border zone near the ex is t ing  Ponnequin 
facil i ty, northeast zone near Peek Table, and the southern zone near the Colorado 
Green facility The three wind zones provide geographic diversity for wind generation 
based on the modeling techniques app l i ed  for stochastic wind generation discussed later 
i n  th i s  report For the ca lcu la t ion  of p lann ing  reserves, the w i n d  capac i t y  is counted at 
12 5% of their nameplate capac i ty  

2.4 YEAR 2013 LOADS 

The ana lys is  applied Monte Carlo draws on load to reflect the likelihood that loads wi l l  be 
h ighe r  or lower as a result of weather, than what i s  being forecast for year 2013 To 
perform t h i s  type of Monte Carlo analysis, an hourly prof i le of PSCo loads for the year 
2013 was developed The forecasted peak demand for year 2013 i s  7,310 MW, w h i c h  i s  

comprised of the September 2007 peak demand of 7,094 MW and an additional 216 MW 
of co inc ident  peak demand from IREA and Holy Cross As seen above Comanche 3 was 
modeled at its full capacity to accommodate serving the full load requirements of IREA 
and Holy Cross W h i l e  IREA and Holy Cross wi l l  have a 250 MW share of the Comanche 
3 trnit, it IS expected that only 216 MW of load would be coincidental with the PSCo peak 
demand and only that coincident amount was considered for the total 2023 PSCo peak 
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2013 
Winter 
Spring 

Summer 

Analysis of LOLP at various Planning Reserve Margins 

Alpha Sigma 
0 275 0 014 

0 266 0 015 

0 195 0 016 

demand As described above, PSCo’s portion of Comanche 3 and IREAs and Holy 
Cross’s portion of Comanche 3, totaling to 784 MW of capacity for Comanche 3, was also 
included since IREA and Holy Cross wholesale load requirements were included as part 
of the PSCo load 

2.4.q 
The stochastic model used to perform the stochastic draws on load IS a two-factor model 
in which one factor represents short-term or temporary deviations and the other factor 
represents long-term or cumulative deviations Long-term effects include trends such as 
change in annual peak demand growth and other forces whose effects are of long 
duration, which follow a random walk In the short term, shocks may drive variables 
away from their long-term equilibrium level, but adjustment processes tend to pull them 
back to their equilibrium or expected level in the short term In other words, short-term 
shocks such as changes to load due to weather are mean reverting The rate at which 
the random variable tends to revert to the expected value is an input to the process This 
is referred to as the mean reversion rate The two-factor model combines the short-term 
mean reverting process with the long-term random walk process 

Load Stochastic Process and Volatility Parameters 

The volatility estimates for PSCo load in this study were developed from historical hourly 
load data from 1996-2007 The estimated short-term stochastic parameters for PSCo 
load, used as inputs into the Planning & Risk models stochastic analysis, are presented 
in Table 2 below Long-term stochastic parameters were not necessary since the study 
period is a single year As a result of these stochastic parameter inputs, a distribution of 
load volatility is created 

Table 2 
PSCo Load Stochastic Parameters 

Load 
PSCo Season’ 

I Fall I 0276 I 0019 I 
Source: Ventyx 

Figure 1 illustrates the 5ith, Average, and 95‘h confidence intervals of load distribution for 
the year 2013 

’ Season definit ion: Winter = December-February; Spring = March-May; Summer = June-August; 
Fal l  = September-November. Sigma i s  the volat,ility parameter and alpha i s  the mean reversion 
parameter. 
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Figure 1 
PSCo Load Distribution - Confidence Intervals 

2.5 MODELING O F  WIND VOLATILITY 

Using historical hourly wind generation from existing PSCo wind facilities, Ventyx created 
?QO different hourly wind patterns that reflect the unpredictable nature of the PSCo wind 
resource PSCo provided wind shapes for three wind zones Colorado/Wyoming border, 
northeast Colorado, and southeast Colorado These three wind shapes were utilized to 
model wind variability within the analysis 

The stochastic wind data was developed external to the Planning & Risk model, and 
introduced during madel simulation The following method was used in creating the 
stochastic wind data 

1 Hourly historical wind shapes for the three locations were developed and each 
fluctuates differently due to their location and associated wind pattern 

2. To capture the randomness of wind generation, Ventyx used its Hourly Historical 
Simulation Tool, which randomizes daily-hourly profiles within a month This process 
was repeated for each aggregated wind location For example, in creating the 24- 
hour by 100 iterations of data for January 1 for a location, the random number 
generator picked which hourly day profile in January to choose Since January has 
31 days, the random number generator chose any one of the 31 days of January for 
each of the 100 iterations for January 1 So for January 1, iteration 1 may use the 
hourly profile of day 30 of January, iteration 2 may use the hourly profile of day 2 of 
January and sa an This process was continued until all days of the year for each of 
the 100 iterations was developed Figure 2 shows the stochastic wind data for a 
representative week in July 
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I s t a t i o n  I EFQR 

3 

Figure 2 
PSCo Stochastic Wind Data for a Location 

The randomized wind data was then fed into Planning & Risk through XML 
integration and included in the model simulation 

300 

Station I EFQR 

250 

Salida Hydro 

Spindle-CT 

Shoshone Hydro 

SPS TieLine 

200 

z 
150 

3 00% 

1 00% 

3 00% 

0 50% 

100 

AMES HYDRO 

ArapCC 

Basini LRSZ 

50 

6 00% Fruita 7 30% 

160% FSVCC i x i  2 50% 

300% FSV CC 2x 1 2 50% 

2.6 FORCED OUTAGE RATES ON SUPPLY RESOURCES 

Basinl LRS3 I 300% I FSV CC 3x 1 

The expected level of forced outages for PSCo units (both owned and purchased) was 
estimated from actual historical availability data The model assumed the following 
expected levels of forced outage rates on the following supplies 

2 50% 

Basin2 LRS3 

Betasso Hydro 

BioGas 75th ST 

I Aiamosa i I 0 10% I Dillon Hvdro I 5 00% 

3 00% Ft Lupton i 9 50% 

5 00% Ft Lupton 2 17 20% 

3 00% Gen GT 3 60% 

1 Alamosa 2 I 0 10% I Foothills Hydro I 500% 

BioMass 10 00% Georgetown Hydro 2 OOYO 

Cabin Crk Gen2 6 00% Hillcrest Hydro 5.00% 

Brush4DCC2 1 2.00% I Hayden 1 1 660% 

Cabin CrkGenl I 6.00% I Hayden 2 I 350% 

Station I EFOR I 
Roclw Mtn CC2i 5 0 0 %  I 

TriZ Craig3 I 3 00% 

Tri2 LRS2 I 3 00% 

Tri2 LRS3 I 300% I 
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Station 

Cheroltee 1 

EFQR Station EFQR Station EFOR 

9 50% Kohler Hydro 5 00% Tri3 Craig1 4 80% 

Table continued on next page 

Cherokee 4 8 90% 

Manchief CT 

I Cherokee Diesel I 9 40% 

5 00% Tri3 Craig3 3 00% 

Comanche 1 

I Comanche3 I 630% 

13 30% 

4 80% 

CT-129-A 100% 

Ouray Hydro 

Palisade Hydro 

Pawnee 1 

LakeGeorge Hydro I 5 00% I Tri3 Craig2 I 4 80% 

5 00% TST Brighton 5 00% 

3 00% TST Limon 5 00% 

8 40% UNC Greeley EXT 5 00% 

Roberts T Hydro 

Orodell Hydro I 500% I Tri3 LRS3 I 300% 

5 00% WM Landfill Gas 5 00% 

PlainsEnd2CC I 150% I Vaimont5 1 4 20% 

9 90% Redlands Hvdro 1 500% I Valmont6 I 

100 iterations of the model were run for year 2013 Monte Carlo draws determined if a 
resource was on forced outage or not In this case, the model was set up so that if a unit 
was forced out in a week as a result of a Monte Carlo draw, the unit is assumed out for 
the entire week If a unit has an expected forced outage rate of, for example, 5%, then 
the average outage hours for that unit over the 100 iterations is 5% of the time However, 
any individual iteration could have an outage rate for that iteration for the year of greater 
or less than 5% The Monte Carlo draws are designed such that over a large number of 
random draws of unit outage, statistically one would expect the average hours of unit 
being forced out during a year to be 5% However, statistically it is possible that over 100 
iterations the average outage rate is slightly above or below the 5% number 

2.7 ROCKY MOUNTAIN RESERVE GROUP SUPPORT 

One key aspect of the analysis was to reflect the reliability support that PSCo receives 
from neighboring electric systems PSCo is a member of the Rocky Mountain Reserve 
Group (RMRG) and thus has the right to call for support from the group under certain 
qualifying contingency events In accordance with the RMRG rules, PSCo must notify the 
RMRG group and may request group support for outages of PSCo plants of 200 MW and 
larger For outage events of less than 200 MW, PSCo is not required to notify the RMRG 
group and generally covers the event using its own reserves For this analysis Ventyx 
reflected RMRG support to PSCo for outages of plants of 200 MW or larger Table 4 
shows the RMRG Response Matrix and the contingency assistance provided to PSCo by 
the RMRG Members The RMRG support contained in Table 4 is based on the individual 
members' forecasts of load for year 2073 

The RMRG Response Matrix details the amount of contingency assistance provided to 
PSCo at different megawatt levels of outages The contingency assistance by RMRG 
rules is available only for the hour of the event and the following hour for a total of 2 
hours per outage event per month If multiple units are out at the same time, the 
contingency assistance is provided to the unit with largest capacity 

Based on the RMRG response matrix, Ventyx calculated the RMRG contingency 
assistance provided by the participating surrounding utilities to PSCo for the PSCo units 
above 200 MW Table 5 summarizes the RMRG assistance available for each unit 
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Table 4 
Rocky Mountain Res 
I 
RMRG responsibiity 
EMERGENCY ASST * -> FOf 

MEAN 00117513 
0 002232 
0 108974 
0 035303 
0 074984 
0 007CJ88 

WACM 0 062762 

WALC 0 034187 

PRPA 0 060373 
WPEC 
PSCO 0 5176'50 
BEPC 0 068501 

ve Group Response Matrix 

sco 1 I 3911 3781 3671 3541 3411 329) 3171 3051 2941 2831 269 

81 I 82 I 8 3  1 Bt I E35 I E6 I 87 1 138 I B9 ) B?O I 1312 I 3312 I 813 I B14 
I I I 7841 7591 7341 7091 684) 659) 6341 609) 5841 5591 534 

4191 4061 3931 3801 3671 3541 341) 3281 315) 3021 289 
551 541 521 501 491 471 451 431 42) 40) 38 

PSCO AGC offsets 
-265 -258 -249 -239 -231 -222 -215 -206 -199 -189 

-318 -312 -304 -295 -288 -279 -273 -265 -259 -250 
After 10 miiiutss change to -288 -282 -274 -265 -258 -249 -243 -235 -229 -220 

PSCO AGC offsets -245 -238 -229 -219 -211 -202 -195 -186 -179 -169 
-315 -308 -299 -289 -281 -272 -265 -256 -249 -239 

=---27 -26 -25 -24 -23 -23 -22 -21 -20 -19 

WACM AGC offsets 
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PSCo l lni ts > 200 MW 

Comanche3 

RMRG Contingenc) 
Capacity MW Assistance MW 

(shadow station) 
784 39 1 

I RockyMontCC2 I 60 1 I 30 1 

Cherokee4 

Comanche2 

Comanche 1 

I Pawnee1 I 505 I 253 

352 179 

335 171 

325 167 

I RockyMontCCI I 259 I 135 

I FSV2 I 252 I 132 

I FSV3 I 230 I 121 

I FSVI I 226 I 119 

I Plainsend2 I 224 I 118 

10 MW 

2.7.1 Modeling the RMRG Support 
For each PSCo units 2 200 MW, Table 5, Ventyx modeled a corresponding RMRG 
support unit called a shadow station The size of each RMRG shadow station was 
determined by the actual plant size and the corresponding assistance available as 
reported in Table 5 

To reflect the fact that each RMRG shadow station may only be called upon during its 
parent station's outage event, PaR Rules of Existence (Rule Groups) modeling was 
utilized Rule Group modeling included assigning each of the RMRG Shadow Units to a 
Rule that tells PaR the RMRG unit can exist to help serve load only if the parent station is 
on outage 

Since only the largest station during overlapping outages receives the RMRG 
contingency assistance, a Rule Group hierarchy of RMRG shadow stations was 
implemented to ensure only the largest contingency was called upon 

Under the terms of the RMRG, pool members are required to provide contingency 
assistance to PSCo, if requested, for up to two hours for each qualifying contingency 
event To reflect this real-life constraint, Ventyx modeled the RMRG Shadow Units as 
"limited energy" stations For each of the RMRG shadow stations Ventyx input a weekly 
energy limit equal to 2 times the MW rating of the shadow unit (i e , 2-hours of full load 
operation) Once the RMRG unit is been called upon in the modeling, it will not be 
available again for contingency assistance until the next outage As a limited energy 
station, PaR will attempt to choose the best hours to run limited energy RMRG shadow 
station based on dispatch economics For instance, if a 300 MW PSCo plant is tripped 
off-line at 12 am and is farced aut far the week, PaR will not immediately activate the 
RMRG shadow station but rather will attempt to save the limited energy from the shadow 
unit for peak hours or for hours where energy not served exists In other words, because 
the RMRG shadow stations are modeled with such a high cost of operating (i e just 
below the cost of ENS), the units will only be run when there would otherwise by ENS, 
and the units will only run for two hours following each outage This methodology allowed 
the RMRG unit to be available to contribute generation assistance to PSCo after the 
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station goes on forced outage and only during an ENS event This limited energy 
methodology meets the two hour limitation of the RMRG but has a shortcoming in that it 
provides the two hours of generation support during the highest marginal energy cost 
hours. Given that high marginal energy costs typically occur during hours when system 
load is at it's highest, this means that the reliability contribution provided by the two hours 
of RMRG support is likely somewhat overstated in the PaR modeling To understand the 
potential magnitude by which the RMRG support might be overstated, a sensitivity was 
performed in which the RMRG units were excluded from the analysis The results of this 
sensitivity showed the generation support provided by the RMRG acts to reduce the 
Planning Reserve Margin from approximately 17 8% to 16 3% or 1 5% From this we can 
see that the limited energy methodology used to represent the RMRG support is likely to 
be a small factor in the overall reserve margin level required for the system (i e , it is 
probably a small part of the  1 5% total impact of the RMRG support) 

2.8 TRANSMISSION LIFELINE - NON Psco IMPORTS 

PSCo is interconnected with the Western Interconnect (WECC reliability council area) 
and expects that in an emergency situation it can utilize these interconnections to import 
additional power supplies into its system The exact quantity of additional power supply is 
dependent on the availability of unused transmission capacity PSCo estimates that it will 
have access to roughly 200 MW plus or minus 50 MW of unused transmission capacity 
during peak load periods The reliability benefit of this transmission import capability was 
included in this analysis through the representation of an additional 200 MW of imports 
with Monte Carlo draws around plus or minus 50 MW 

Model runs were also performed without this 200 MW of import capability These runs 
allowed PSCo to isolate the contribution that this 200 MW of import capability provides to 
the system through a reduction in the required planning reserve As reported in Section 3 
below, from this sensitivity run it was found that the existence the 200 MW Transmission 
LIFELINE allows reducing the Planning Reserve Margin from approximately 19 2% to 
16 3% while maintaining the LOLP at I-day-in-10-years 

2.9 USING A GENERIC GAS TURBINE A S  A PROXY FOR INCREASING PLANNING 
RESERVES AT THE MARGIN 

In order to perform this study, it was necessary to run the stochastic analysis at several 
different levels of planning reserve For example if additional resources need to be 
added to the model in order to move the Planning Reserve Margin level from 10 percent 
to 12 percent and so on The resource used to incrementally increase Planning Reserve 
Margin needs to be (a) highly reliable as a supply source and (b) relatively low cost to 
acquire since it will likely used at a very low capacity factor While there are numerous 
supply technologies available for increasing supply, the reasonable supply unit to use for 
this purpose is a simple cycle GT 
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2.10 C)ETERMINATION OF LOLP 

The LOLP analysis methodology Ventyx applied in this study is a marked improvement 
over traditional methods for determining LOLP Where, in the past, company's often 
computed an annual LOLP index as the summation of daily probabilities (often termed 
the "daily risks") over the entire year being studied, Ventyx computes LOLP based on a 
stochastic production cost model simulation where all relevant factors and uncertainties 
are included in the simulation The analysis predicts both the probability of not serving a 
specific amount of load, and in addition provides insights into the dimension and amount 
of energy that would not be served-referred to as unserved energy or expected un- 
served energy (EUE) The Ventyx LOLP methodology calculates LOLP for each hour 
where the LOLP is the probability that available generation capacity in a given hour is 
less than the system load The primary measurement used in accessing resource 
adequacy in this analysis is Loss of Load Hours (LOLH), which is typically used in the 
energy industry Generally, if a utility's loss of load hours is not greater than or equals 1- 
day-in-IO-years (or 2.4 hours in 1 year), it is seen as a reliable system Unserved Energy 
(aka Energy Not Served ENS) results in the model if on a particular hour the model is 
unable to find sufficient supply to meet the load plus the required operating reserve 
margin If that happens on an hour, then this is counted as one LOLH For LOLH 
counting purposes, there is a single LOLH if on an hour the load is not met The counting 
is the same if the unserved load is 1 MW or if it is, for example, 200 MW Given multiple 
iterations of the study year (with different Monte Carlo draws on loads and unit forced 
outages, etc), the metric used for this LOLP study is the average number of hours of 
LOLH over the 100 iterations. So if there are 99 iterations with zero LOLH and one 
iteration with 100 LOLH, then the expected (average) LOLH for the IO0 iterations for this 
year is 1 LOLH As indicated above, and average LOLH of 2 4 hours in the 1 year 
analysis is considered to be 24 LOLH hours in 10 years or 1 day in ten years 

For purposes of this study, Ventyx analysis looks for that Planning Reserve Margin level 
that will provide a I-day-in-IO-year LOLP 

2.10.1 Calculating The Planning Reserve Margin 
A number of questions arise when the objective is calculating an accurate Planning 
Reserve Margin for a system The common method of calculating Planning Reserve 
Margin is represented by the following equation 

[(Resources - Peak Load ] 
(Peak Load ) 

Peak Load Peak load is generally the needle peak load of the control area In this 
study, where PSCo is modeled as a single zone, the peak hour for the entire system 
occurs in July 

Resources The peak capacities of thermal and hydro stations that are in PSCo are 
included in the calculation except for Cabin Creek Pumped Storage which is counted at 
210 MW Wind capacity is counted at 12 5% of nameplate rating Interruptible loads and 
demand side management programs are included as resources but for load and resource 
balance purposes, they are subtracted from the peak load 
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2013 L&R MW LOLH 

Peak Load 50th percentile 7310 

interruptible loads -401 

Firm Peak Obligation 6909 

7410 Net Dependable Capacity from Table I above not including 
CT 129A and not including FSV CT 

7 3% NET Planning Reserve Margin in 2013 without CT 129A 

Effective Starting Point Planning Reserve Margin 13 0% 69 8 

The conclusion of this LOLH is that a 16 3% PRM is needed to provide a 1 day in 10 year 
LOLP This level is determined by performing analysis that does not interrupt load until 
the operating reserve drops below zero 

Table 7 in section 2 11 below reflects the loads and resources in the year 2013 for PSCo 
currently planned, but without the assumed generic CT 129A and without the new FSV 
CT units This was the starting point for the LOLP analysis in this report The generic CT 
129A and FSV CT units were removed to assure that the starting analysis results in a 
LOLP that was greater than one-day-in-IO years. That staring point as indicated above 
resulted in a LOLH of 69 8 hours A one-day-in-IO years would have an LOLH of 24 0 
hours To achieve that, Ventyx then started adding gas turbines until it found the level of 
Planning Reserve Margin that resulted in a LOLP of one-day-in-IO years 

2.q '1 ANALYSIS STARTING POINT OPERATING RESERVE MARGIN 

For year 2013, PSCo estimates it will be required to maintain approximately 419 MW of 
operating reserves as its portion of the RMRG reserve obligation If operating reserves 
fall below 419 MW, PSCo would likely curtail load if it cannot arrange for additional power 
supplies The PaR model used to perform this LOLP analysis, however, is not capable of 
curtailing load (i e , registering unserved energy) and enforcing an operating reserve 
requirement The model will only register unserved energy events in hours where the 
sum of all generation resources operating at their full capability is less than the load on 
the system and there is energy not served 

To account for this PaR model limitation, it is necessary to add "operating reserves" to 
the "planning reserve" level included in the model run that produces a I-day-In-lo-year 
level of reliability Based on the 2013 peak load forecast of 7,310 MW, the 419 MW 
operating reserve requirement represents 5 73% (419 MW/7,310 MW = 0 0573) that 
must be added to the model results As summarized in Section 3 below, the starting point 
for the PSCo Planning Reserve Margin analysis is a 13 0% starting reserve level that 
resulted in an LOLH of 69 8, which is 2 9-days-in-IO-years (69 8 / 24 hours = 2 9 days) 
as shown in the table above To determine an expected LOLP of 1-day-in-IO-year LOLP, 
Ventyx added 210 MW of generic CT generation and found a LOLP of slightly higher than 
1-day-in-IO-years, or 26 9 hours This level equates to a Planning Reserve Margin of 
16% Ventyx then added another 60 MW of CT capacity which is a Planning Reserve 
Margin of 17% and found a LOLP of less than 1-day-in-IO-years, or 17 7 hours 
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Interpolating between these two LOLP values determines a Planning Reserve Margin of 
16 3% equates to a target I-day-in-IO-years LOLH of 24 0 hours This interpolation to a 
one-day-in-IO-years indicates PSCo's Planning Reserve Margin should be 16 3% 
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Reserve Margin 
(no transmission 

lifelines) 

The goal of this LOLP analysis was to determine the Planning Reserve Margin for the 
PSCo system that would achieve an LOLP of 1 day in 10 years or, an Energy Not Served 
(LOLH) of 24 hours in 10 years (or 2 4 hours in one year) Table 7 contains a summary 
of the relationship between reserve margin and LOLH, both with and without 200 MW of 
transmission lifelines ( i  e ,  transmission capacity held for use in accessing additional 
power supplies on short notice) All reserve margin values in Table 7 include the effects 
of operating reserve requirements 

Reserve Margin 
(with *O0 Mw 
transmission 

lifeline) 

LOLH (hrs in I O  Years) 

18% 
I 16% I 13% I 69.8 I 

15% 39.6 
19% 16% 26.9 

Figure 3 below is an illustration of the LOLH / Energy Not Served values provided in 
Table 7 as a function of reserve margin level By interpolation a reserve margin of 16 3% 
(with 200 MW transmission lifeline) yields I-day in 10 years level of LOLH 

20% 
22 Yo 
24% 

17% 17.7 
19% 7.9 
21 % 1 8  

80 

70 

60 . 

. 

. 

k K? 50 
0 
T- 

E 40 0 
z 
W 
L 30 . 

. 

E! 
1 

20 

10 

0 . 

........................................................................................... ~ 

i 
i 

.A- A; -\ j 

1 
j 
i 
> . 

Planning Reserve Margin far 1 day in I O  
V--- 

{ 

! 
! 
i 

i 

<l6 32% ---. 

\ -\,, 1 

\ 
\ 

~~ i ....... 

........... j 

.-.--..--.----~-----____I_.x. "---\ I 
hJ\. j 

a i  ............. ................ r---" __ll._.__l___l__.. , 



Attachment 2.10-1 
Analysis of LOLP at various Planning Reserve Margins 


	Background
	T eriniii 01 ogy and Equations

	Coinparison of Methods
	Existing Treatinent of Reportable CCDR Programs
	Reliability Standards and Reserve Margin
	Reporting Criteria and Repoitable CCDR MW
	R ecoim-riendat ions
	Executive Summary
	Energy Efficiency Resource Standards (EERS)
	Key Distinctions of EERS Policies

	Objectives and Methodology
	Methodology
	A Companion Report
	A Note about Natural Gas

	EERS Policy Status
	Results
	Overall Savings
	Savings Compared to Targets

	Observations
	EERS Drives Savings for States of All Types
	The Benefits of EERS Outweigh Costs
	Clear and Fair Regulation
	All Parties Must be Committed to Meeting Targets
	Ramping-Up Savings Requires Programmatic Excellence
	Conclusions and Recommendations

	Case Studies
	Texas
	Vermont
	California
	Hawaii
	Connecticut
	Nevada
	Rhode Island
	Washington
	Colorado
	Illinois
	Minnesota
	North Carolina
	Maryland
	Michigan
	New Mexico
	New York
	Qhio
	Pennsylvania
	Iowa
	Massachusetts

	Bi bl log rap h y
	ABBREVIATIONS
	FORWARD
	1 EXECUTIVE SUMMARY
	Planning Process Results

	2 SYSTEM OVERVIEW OBJECTIVES AND PROCESS
	A System Overview
	B Objectives
	C Planning Process

	3 ELECTRIC LOAD FORECAST
	4 ENERGY EFFICIENCY and DEMAND-SIDE MANAGEMENT
	5 SUPPLY-SIDE RESOURCES
	A Existing Generation Plants in Service
	B Renewable Resources and Renewable Energy Initiatives
	C Supply Side Resource Screening
	D Wholesale and QF Purchased Power Agreements


	part2.pdf
	SECTION I FORECAST REPORT REQUIREMENTS
	A SIJMMARY OF THE LONG-TERM FOECAST REPORT
	1 Service Area Economy
	2 Electric Energy Forecast
	6 Computer Software


	SECTION II FORECASTS FOR ELECTRIC TRANSMISSION OWNERS
	GENERAL GUInELINES
	•3 ELECTRIC TRANSMISSION FORECAST

	C THE EXISTING TRANSMISSION SYSTEM
	D THE PLANNED TRANSMISSION SYSTEM
	3 National Ambient Air Quality Standards (NAAQS

	G POOLING AND BULK POWER AGREEMENTS
	H ENERGY EFFICIENCY/DSM PROGRAMS
	1 Existing Programs
	Residential Programs
	Non-Residential Programs


	Overview
	Public: Partic.ipation
	for Power Analysis
	anrl Evalnate
	Incorporate Input
	identify kcommended Planning Direction
	pproval 01 Hecommencleci Planning Direction

	Chapter 3 - Public Participation
	Public Scoping Period
	Draft IRP Public Comment Period
	Public Input Received During the IRP Process
	liesponse to l™ublic Input and Comments
	Estimate the Capacity Gap

	Development ot Scenarios and Strategies
	Resource Portfolios Optimization Modeling
	Development of Evaluation Scorecard
	Idcntification of Prcfcrrcd Planning Stratcgics in the Draft IKP
	Incorporation of Public Input ancl Performance of Adctitional Scenario Planning Analyses
	Identification of Recommended Planning Direction
	Conclusion
	Chapter 9 - Next Steps
	Path Forward

	1)evelopment of Scenarios and Strategies
	6.1.1 Llevelopment of Scenarios
	6.1.2 L3evelopinent of Planning Strategies
	Resource Portfolios Optimization Modeling
	Development of Optiniizecl Capacity Expansion Plan
	Evaluation of Detailed Financial Analysis
	6.2.3 Development of Portfolio

	Development of Evaluation Scorecard
	6.3.1 Scorecard Lksign
	6.3.2 TechnoIo_gy Innovations Narrative

	Identification of Preferred Planning Strategies in the Draft IRP
	6.4.1 Scoring
	6.4.2 Sensitivity Analyses
	6.4.3 Identification of Preferred Planning Strategies

	Scenario Planning Analyses
	Identification of Recommended Planning Direction

	TABLE OF CONTENTS
	INDEX OF TABLES
	CHAPTER 1 EXECUTIVE SUMMARY
	RESOURCE NEED
	TRANSMISSION PLANNING
	FUTURE RESOURCE OPTIONS AND PORTFOLIO MODELING
	THE 2011 IRP PREFERRED PORTFOLIO
	Regional Haze

	RENEWABLE PORTFOLIO STANDARDS
	California
	uta h
	Renewable Energy Certifica

	HYDROELECTRIC RELICENSING
	Treatment in the 1RP
	PacijXorp ™s Approa Hydroelectric Relicensing

	RECENT RESOURCE PROCUREMENT ACTIVITIES
	CHAPTER 4 - TRANSMISSION PLANNING
	INTRODUCTION
	PURPOSE OF TRANSMISSION
	INTEGRATED RESOURCE PLANNING PERSPECTIVE
	INTERCONNECTION-WIDE REGIONAL PLANNING
	Regional Planning
	Sub-Regional Planning Groups
	Sub-regional Coordinatioii Group (SCG)
	Efficient Dispatch Toolkit (EDT)
	Energy Gateway Origins
	New Transmission Requirements
	Renewables Net Metering

	Hydroelectric Generation
	Hydroelectric Relicensing Impacts on Generation

	Demand-side Management
	Class 1 Demand-side Management
	Class 2 Demand-side Management
	Class 3 Demand-side Management
	Class 4 Demand-side Management

	Power Purchase Contracts

	LOAD AND RESOURCE BAI ANCE
	Capacitv and Energy Balance Overview
	Load arid Resource Balance Cornponents
	Existing Resources


	L,oad arid Resource Balance Conclusions


	CHAPTER 6 - RESOIJRCE OPTIONS
	INTRODUCTION
	SUPPLY-SIDE RESOURCES
	Resource Selection Criteria
	Handling of Teclzrzology linprovernent Trends and Cost IJizcertainties

	CARBON DIOXIDE REGULATORY COMPLIANCE SCENARIOS
	Emission Hard Cap Scenarios
	Oregon Environmental Cost Guideline Compliance
	CASE DEFINITION
	Case Definition Notes

	TABLE ES.l PACIFICORP IO-YEAR CAPACITY POSITION FORECAST (MEGAWATTS)
	TABLE ES.2 -201 1 IRP RESOURCE OPTIONS
	TABLE ES.3 -201 I IRP PREFERRED PORTFOL.IO
	TABLE 3.1 -SUMMARY OF STATE RENEWABLE GOALS (AS APPL1CABL.E TO PACIFICORP)
	TABLE 5.7 - HYDROEL.ECTRIC CONTRACTS
	CAPACITIES

	TABLE 5.9 -ESTIMATED IMPACT OF FERC LICENSE RENEWALS ON HYDROELECTRIC GENERATION
	TABLE 5.10 -EXISTING DSM SUMMARY 201 1-2020
	TABL.E 5.1 1 -SYSTEM CAPACITY L.OADS AND RESOURCES WITHOUT RESOURCE ADDITIONS
	TABL.E 7.2 - CO:! TAX SCENARIOS
	TABLE 7.3 -HARD CAP EMISSION LIMITS (SHORT TONS)
	SCENARIOS

	TABL.E 7.5 -PORTFOLIO CASE DEFINITIONS
	TABLE 7.6 -COMPARISON OF RENEWABL.E PORTFOLJO STANDARD TARGET SCENARIOS

	TABLE O-SHORTTERM STOCHASTIC PARAMETER COMPARISON 2008 IRP vs 201 1 IRP
	TABLE 7.12 - L.OAD DRIVERS BY TIME PERIOD
	INTRODUCTION
	CHAPTER ONE -ANALYTICAL AND MODELING APP
	The IPM8 Platfor
	Geographic Scope and Transmission Constraints Considered For The Analysis
	PJM Market Structure

	CHAPTER THREE

	part3.pdf
	Introduction and Qualifications
	Environmental Regulations Faced by L,G&E/KU
	Synapse Retire/Retrof"t Re-Analysis
	Gas Price Correction
	EXECUTIVE SUMMARY
	INTRODUCTION
	POLICY CONTEXT
	ELEMENTS IN A PRICE PROJECTION
	DIFFICULTY OF PRICE PROJECTION UNDER UNCERTAINTY
	ANALYSES OF COMPLIANCE COSTS- AND CONCLUSIONS ON EFFECTS OF FACTORS
	OTHER FORECASTS

	SYNAPSE'S RECOMMENDED FEBRUARY 201 1 CO:! PRICE FORECAST
	CONCLUSION
	REFERENCES


