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Recommendations in PSC Staff Report on the Last IRP Filing 

Load Forecasting 

LG&E/KU should continue to examine and report on the potential impact of 
increasing competition and future environmental requirements and how these 
issues are incorporated into future load forecasts. 

As stated i n  section 7.(7)(e), the Base IRP forecast does not explicitly incorporate 
potential impacts of increasing competition. Integrated resource planning is based on 
the assumption of an obligation to serve a specifically defined service territory, 

Future environmental requirements are explicitly incorporated in the Base IRP 
forecast and the High and L.ow forecast sensitivities. In addition, the company has 
developed an Aggressive Green scenario to understand the potential impact that the 
widespread, accelerated adoption of energy efficiency measures could have 011 

electricity sales, Please see section 6 (L.oad Forecast, Reason for Forecast Changes) 
for a discussion of the expected impacts of the Energy Security and independence Act 
of 2007 on energy consumption and peak demand. A summary of the “Aggressive 
Green” scenario is provided in the report titled Aggr.c-.s,rhe Giwr7 Scer7orio in Volume 
111, Technical Appendix. 

LG&E/KU should continue its efforts to further integrate the load forecasting 
processes and report on these efforts in their next IRP filing. 

As stated in section 6 (L.oad Forecast, Reasoil for Forecast Changes), several changes 
i n  forecasting methodology were incorporated in the 2008 IRF foiecasts to streamline 
and further integrate the forecasting process while maintaining or enhancing the 
consistency of data inputs and thc quality of the forecast Please see section 6 for a 
complete discussion of those changes 

LG&E/KU should continue to refine their load forecasting models. 

As stated in section 6 (Load Forecast, Reason for Forecast Changes), several changes 
in forecasting methodology were incorporated in the 2008 IRP forecasts to streamline 
and further integrate the forecasting process while maintaining or enhancing the 
consistency of data inputs and the quality ofthe forecast. Please see section 64 I) for 
a complete discussion of those changes, 

In light of the financial impacts related to the construction of TC2, LG&E/I<U 
should consider reflecting potential future rate actions in future forecasts o r  
explain why they should not be so reflected. 



LG&E/I<U continue to provide present value of revenue requirements as required in 
Section 9 of tlie IRP. The Conipanies consistently seelts 10 provide reliable service in  
a least cost and reasonable manner. Increases in  operating expenses and capital 
expenditures could cause tlie Coinpanies to file a base rate case upon, or prior to, 
placing Trimble County Unit  2 in service, but such a determination will be based on 
the overall financial results of tlie Companies,, The Companies have not reflected 
potential future rate actions in  this IRP. 

Demand Side Management (DSM) 

LG&E/KU should use all five “California tests”, the participant test, utility cost 
test, ratepayer impact measure test, total resource cost test, and societal cost test, 
to review DSM alternatives in the next IRP filing. 

In the Phase I E.coiiomic Evaluation, where the costs of a single measure is evaluated 
using the participant tests and TRC absent any program or administrative costs. 

In the Phase 11 E.cononiic Evaluation, where fully developed programs are evaluated 
results of all five oftlic California tests were calculated. 

In their next IRP filing, consistent with the Commission’s findings in 
Administrative Case No. 2005-000090, LCBrE/KU should place a greater 
emphasis on DSM and attempt to expand the number of DSM technologies that 
receive a complete evaluation to determine if they would be cost effective. 

Tlie Companies initially evaluated 80 potential DSM initiatives. Tlie qualitative 
analysis screened tlie number down to 28 initiatives for quantitative analysis. Tlie 
Companies felt that increasing research and evaluation efforts on initiatives tliat 
passed the qualitative screening would yield greater opportunities than placing 
additional emphasis on initiatives tliat didn’t pass the qualitative screening. A 
consultant was retained to assist the Conipaiiies in quantifying energy and demand 
savings potential. The additional research and evaluation resulted in a 240% increase 
in the indicatives passing the overall DSM screening process, Twelve of the twenty 
eight initiatives passing the qualitative screening also passed the overall evaluation 
process as opposed to five out of twenty seven from the last IRP. 

In their next IRP filing, LG&E/KU should continue to consider and evaluate a 
variety of DSM technologies, including those applicable to low income customers 
that would be cost effective. 

Tlie Companies are unaware of any DSM technologies specifically geared to low 
income customers. Tlie Companies have addressed low income needs through 
proposed enhancements to tlie existing low income weatherization program currently 
pending before the Commission in Case No. 2007-00.3 19, 

If any DSM technology applicable to commercial customers passes the 
qualitative and quantitative screening, LGBrEIKU should approach those 



customers to determine if there is an interest in pursuing the programs. It may 
be beneficial for LGGrEIKU to contact commercial customers engaged in new 
construction rather than those involved in renovations o r  retrofits of existing 
structures. 

The Company receives input from customers regarding their interest in programs and 
technologies on an on-going basis as a result of feedback from energy audits, through 
contact with vendors, and through Company aecouiit representatives contact with 
customers. This information is considered closely in  the consideration of new 
programs and in their design and implementation, The Company also regularly 
contacts a significant percentage of customers who have had energy audits to seek 
their input or need for further information and assistance. The proposed commercial 
programs are rebateiincentive i n  nature reflecting frequent requests from comiiiereial 
customers. 

SuDDly-Side Resource Assessment 

LG&E/KU’s December 22, 2005 letter regarding the termination of KU’s 
purchase power contract with EEI stated that the loss of the 200 MW available 
under this contract would have no near term (2006-2007) impact on KU’s 
capacity plans. As LG&E/KU’s next IRP is not scheduled to be filed with the 
Commission until 2008, Staff recommends that KU provide a summary of its 
longer range capacity plans as part  of the annual filings it makes pursuant to 
Commission Orders in Administrative Case No. 387, A Review of the Adequacy 
of Kentucky’s Generation Capacity and Transmission System. 

As stated in  the Administrative Case No 387 filed in March 2007, the Companies 
were still reviewing their resource options as to how to provide for the shortfall in 
2008 and 2009 As identified i n  both the Administrative Case No 387 filed in March 
2008 and in this IRP, the shortfall for the summer peaks of 2008 and 2009 is being 
fulfilled by a firm contract with Dynegy’s Bluegiass Unit 1 for 165 MW of power 
during the montlis of June through September Then in 2010 when Trimble County 
unit 2 becomes commercial, there will no longer be a shortfall present 

Integration and Plan ODtimization 

Given the future implications of the CAIR, LGSrEIKU should include a 
sensitivity analysis in the next IRP based on the possible retirement of a level of 
capacity much larger than the 180 M W  included in the sensitivity analysis 
performed for this IRP. 

One of the numerous sensitivities that the Companies performed in this IRP was a 
retirement of the Green River and Tyrone units. This is a total of 234 MW to be 
retired at one time. This sensitivity is covered in detail in the 2008 Op/i/im/ 
Expr7,sion P/m7 Am7lI~s-i.s (March 2008) i n  Volume 111, Technical Appendix. 
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Since the filing of this IRP, LG&EIKU have provided information in other 
proceedings concerning the status of KU’s purchase power agreement with 
ORIU. In the next IRP, LG&EIKU should include a detailed report on the status 
of this purchase power agreement. 

The status report on tlic purchase power agreement with OMU is provided i n  Section 
6 of this IRP under the subsection titled OA4U 

In the next IRP filing, consistent with the Commission’s findings in 
Administrative Case No. 2005-0090, LGGrEIKU are encouraged to fully 
investigate the potential for incorporating renewable energy into their portfolio 
of supply-side resources. 

The Companies have investigated the potential for incorporating renewable energy 
into tile portfolio of supply-side resources reviewed, In addition, renewable energy 
units which passed the supply-side screening and were considered for the optimal 
plan included hydro units Ohio Falls 9-10 and a wind energy conversion of 50 MW. 
Among the numerous renewable energy technologies considered were options of 
wind, solar, biomass, geotliermal, waste-to-energy, hydroelectric, and energy storage, 
Further details of the renewable energy options considered in the supply-side 
screening are provided in the report titled h n / y s i s  q/ Sz/pp/v-Side Tec/717o/ogy 
A//erm/ives (January 2008) contained in Volume 111, Technical Appendix, 
Moreover, “Aggressive Green” scenario, a Renewable Portfolio Standard was 
considered. Furtlier description of the “Aggressive Green” scenario is provided in tlie 
report titled Aggre.s.sive Cree17 Scerinrio in Volume 111, Technical Appendix 

In the next IRP, a decision to retire any generating unit@) should be supported 
by a feasibility study regarding the decision to retire the unit(s). 

LG&E/KU units which havc retired since tlie last IRP are discussed in Section 6 of 
this IRP with references to tlie feasibility studies already supplied to the 1 W X  

I n  the next IRP, LG&E/KU should ensure that their planning adequately 
reflects the impact uf lirture COz emission restrictions. 

The IRP is subject to existing regulations, and as such, there are no existing CO? 
emission restriction regulations. Regardless, tlie Companies did perform sensitivity 
on the optimal plan for COz and low emission allocations. This is covered in further 
detail in the 2008 Op/in7n/ Expn17sio17 /‘/a17 A17n/I~i.s (March 2008) in Volume Ill, 
Technical Appendix. 





Aggressive Green Scenario 



Overview 

The topic of energy efficiency has received more attention in tlie media in recent years as 

concerns regarding global climate change have riseii,, In December 2007, President Bush signed 

into law the Energy Independence and Security Act of 2007 (ESA 2007). One set of provisions 

in the act tighten lighting and appliance efficiency standards as well as foster the development of 

new building and commercial equipment standards,, Despite these measures, several 

environmental groups are calling for stricter standards, including the adoption of COZ 

regulations. The extent to which these standards will he adopted in the future is uncertain. 

A controversial provision that was not included in the ESA 2007 was the proposed 

Renewable Energy Portfolio Standard (RPS). Under an RPS, retail electricity suppliers must 

provide a minimum amount of electricity from renewable energy resources or purchase tradable 

credits that represent an equivalent amount of renewable energy production. The extent to an 

RPS will be adopted moving forward is also uncertain. 

To better understand the impact of these policies, the companies developed an 

“aggressive green” scenario as a sensitivity to the optimal plan. The aggressive green scenario 

illustrates the impact of “efficiency at all cost” and a national commitment toward eliminating 

coal generation in favor of renewables. The demand-side assumptions in the aggressive green 

scenario are consistent with the assumptions in the EIA’s Best Available Technology case 

included in its Annual Energy Outlook 2007, The supply-side assumptions regarding an RPS are 

consistent with provisions in currently proposed legislation. 

The following is a list of key assumptions and observations in the aggressive green 

scenario: 
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Kev Assumptions 

Key Observations 

Consumers purchase the most efficient appliances at normal replacement intervals 
regardless of cost. 
Kentucky adopts mandatory RPS of 15 percent by year 2020. 
Existing coal units must be retired after 50 year life beginning in 2015. 

Growth in companies' peak demand is reduced from 1.4 percent to 0.6 percent. 
Mandate to retire 50-year old coal plants would require the companies to retire 
nearly 1,800 MW of coal-fired capacity by 2022. 
Companies install in excess of 2,100 MW of renewables by 2020 to meet RPS. 

Demand-Side Implications 

The aggressive green scenario assumes that consumers purchase the most energy efficient 

equipment at regular replacement intervals regardless of cost. This is most likely to occur as a 

result of federal legislation mandating challenging minimum efficiency standards for electrical 

equipment and appliances. Incandescent light bulbs are phased out by 201 2. New homes and 

buildings are built to the most energy efficient specifications available. In addition, new homes 

are equipped with solar panels beginning in 2012 

In the aggressive green energy forecast, large commercial and industrial customers are 

also assumed to increase their focus on energy efficiency. Large commercial customers consume 

20 percent less energy by 2022. The growth in industrial sales by industry segment is taken from 

the EIA's low economic growth case in its Annual Energy Outlook 2007. 

The base IRP, high, low, and aggressive green energy forecasts of LG&E and KU's 

energy sales are presented in Tables 1 and 2. The associated forecasts of annual peak load are 

shown in Tables 3 and 4 and Graphs 1 and 2. In the aggressive green scenario, total energy 

requirements decline through 201 2 due to increased lighting efficiencies and increase thereafter 

due to customer growth. Because lighting consumption occurs primarily in the off-peak hours, 

peak demand continues to grow (albeit at a slower pace) throughout the forecast period. 
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Table 1 
LG&E Energy Requirements Forecasts (GWh) 

2008 

Aggressive 

13,321 13,081 
2009 13,514 

13,682 
13,900 
14,099 

2011 14,280 
2014 14,430 

14,524 
2016 14,640 
2017 14,791 
2018 14,975 
2019 15,158 
2020 15,362 
2021 
2022 15,737 

13,090 

Year 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 

13,190 
13,305 
13,460 
13,612 
13,745 
13,846 
13,896 
13,980 
14,091 
14,241 
14,398 
14,568 
14,727 
14,892 

High 
13,559 
13,832 
14,049 
14,317 
14,578 
14,819 
15,018 
15,163 
15,309 
15,497 
15,722 
15,938 
16,180 
16,198 
16,628 .- 

Table 2 

1.3,070 
13,031 
12,985 
12,962 
13,043 
13,128 
13,196 
1.3,275 
13,353 
13,451 
1.3,544 
13,648 
13,734 
13,829 

Low 
22,956 
23,179 
23,414 
23,697 
2.3,904 
24,109 
24,260 
24,455 
24,675 
24,914 
25,223 
25,531 
25,872 
26,140 
26,446 

Green 
2.3,156 
23,105 
22,997 
22,927 
22,898 
23,009 
23,134 
23,219 
23,335 
23,426 
23,553 
23,660 
23,791 
23,889 
24,000 - 

I Energy Requirements Forecasts (GWh) 

Base IRP 
23,514 
23,889 
24,239 
24,63 1 
24,981 
25,255 
25,497 
25,774 
26,055 
26,362 
26,749 
27,112 
27,552 
27,906 
28,300 

High 
24,065 
24,592 
25,070 
25,566 
26,040 
26,384 
26,714 
27,066 
27,430 
27,810 
28,281 
28,727 
29,271 
29,695 
30.150 
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Year 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
202 1 
2022 

High 
2,839 
2,883 
2,939 
2,996 
3,05.3 
3,109 
3,161 
3,209 
3,253 
3,300 
3,351 
3,400 
3,454 
3,503 
3,556 

Table 3 
LGE Peak Demand Forecasts (MW) 

Low 
2,739 
2,749 
2,78.3 
2,8 16 
2,850 
2,88.3 
2,9 15 
2,944 
2,974 
3,005 
3,039 
3,076 
3,115 
3,152 
3,190 

Base IRP 
2,789 
2,817 
2,862 
2,908 
2,952 
2,995 
3,03 8 
3,075 
3,113 
3,152 
3,194 
3,236 
3,282 
3,324 
3,368 

Aggressive 
Green 
2,738 
2,770 
2,795 
2,804 
2,829 
2,840 
2,883 
2,905 
2,907 
2,944 
2,978 
2,982 
3,024 
3,062 
3,067 

Graph 1 
LG&E Peak Demand Forecasts 

i- Base -High -Low ~~ ~~ -Aggressive _ Green 1 
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Year 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
202 1 
2022 

4,306 
4,371 
4,428 
4,496 
4,560 
4,615 
4,669 
4,736 
4,799 
4,861 
4,933 
5,001 
5,082 
5,149 
5,223 

6,000 

5,500 

5,000 

$ 4,500 

4,000 

3,500 

3,000 

4,407 4,204 4,295 
4,500 4,241 4,325 
4,580 4,277 4,331 
4,667 4,325 4,342 
4,753 4,363 4,343 
4,821 4,405 4,386 
4,892 4,443 4,416 
4,972 4,495 4,440 
5,05 1 4,547 4,450 
5,125 4,596 4,487 
5,213 4,654 4,46 1 
5,296 4,713 4,538 
5,396 4,775 4,553 
5,416 4,826 4,599 
5,561 4,884 4,618 

Graph 2 
KU Peak Demand Forecasts 

LO08 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

-Base --High -Low -Aggressive Crecn 
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Supply-side Implications 

The aggressive green expansion plan analysis utilizes the same production model and 

methodology as the expansion plan analysis summarized in the report titled 2008 Opfimd 

Exparision Plan Aiialysis (March 2008) in  Volume 111, Technical Appendix. Production model 

inputs are the same with the exception of the load forecast, unit retirements, COZ emission 

allowance prices (Table 5 ) ,  and available supply-side alternatives. Additional constraints placed 

in the model are: existing coal units must be retired after 50 year life beginning in 2015; 

renewable portfolio standard (“RPS”) of 15% by 2020 (approximately 5,600 GWh in 2020). A 

provision that was passed by the House of Representatives but ultimately removed from the ESA 

2007 had a national RPS target that aimed to reach 15 percent of total electricity sales by 2020,, 

The mandate to retire 50-year old coal plants would require the companies to retire nearly 

1,800 MW of coal-fired capacity by 2022 (see Table 6). Supply-side technologies available in 

this analysis are summarized in Table 7. All new coal units must be constructed with carbon 

capture and sequestration (“CCS”). The Wind and Ohio Falls (“FALL,”) alternatives were the 

only renewable technologies included in the aggressive green analysis since they were identified 

as the most economical in the report titled Analysis of Slipply-Side Tecliiiology AIferriafives 

(March 2008) in Volume 111, Technical Appendix, and to achieve reasonable model run time. 
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Table 5 -Aggressive Green 
Emission Allowance Prices 

($/Ton) 

Table 6 
Aggressive Green: Unit Retirements 

Units retired at the later of 50 years operation or May 2015 

7 



Confidential Information 

Table 8 displays the optimal expansion plans when optimization runs are made on 

Aggressive Green (Plan "M') forecast For comparison purposes, the optimization of the base 

load forecast (Plan "A") is also shown. More information on Plan "A" can be found in the report 

titled 2008 Optittzal Expatrsiorz Plan Analysis (March 2008) in  Volume 111, Technical Appendix. 

The inclusion of the 30-year Present Value Revenue Requirements ( " P V W )  for the scenarios 

are for informational purposes and is shown to indicate how much costs are affected by the 

sensitivities conducted 
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Table 8 
Aggressive Green Expansion Plan 

Load Forecast: Base Aggressive Green 
Retire Units: No Yes 

Plan: 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 

30 Yr PVRR ($E) 
Cost Delta to Base 
Plan Rank (Low to High) 
Average $/MW h in 20 15 
Average $/MWh in 2020 

“ A  “M“ 

1-CCCl 

1 -CCCl 

1-SCCT _________ _________ 
17.950 

0 
1 

29 
35 

Wind (8) & FALL 
Wind (4) 

Wind 
Wind 

Wind (6) 
Wind (22) 

Ohio Falls 9 and IO installation was forced in 2015 
Average $/MWh based on new unit capital and system production costs only 

In order to meet the imposed RPS requirements, all added capacity throughout the 15- 

year plan must be renewables and is in excess of 2,100 MW due to retirements. Generally, lower 

load forecast cases will have lower PVRR, but the aggressive green scenario actually has higher 

PVRR due to the constraints imposed on it Plan “M’ costs are expected to be over 30% higher 

by 2020 in $/MWh considering capital and production costs only 
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EXECUTIVE SUMMARY 

I<entucky Utilities Company aiid L.ouisville Gas and Electric Company (collectively, the 
Companies) continually evaluate their resource needs Tile purpose of this study is to update this 
ongoing analysis. The base case strategy is determined based oii a minimum expected Present Value 
of Revenue Requirements (PVRR) criterion aiid subject to certain constraints, including tinit 
operating characteristics and maintaining a target reserve margin of 14'%. 

As precursors to tlie optimization process, two independent technology screening analyses 
were conducted, one for,supply-side alternatives and tlie other for demand-side maiiageiiient (DSM) 
programs. The purpose of tlie supply-side screening analysis was to evaluate, compare and suggest 
the least-cost supply-side options to use in  Strategist,,,, optimizations. An independent screening 
analysis was conducted on nuinerous denland-side management options and ultimately 
reconiniended twelve new programs for consideration within Strategist,,[,. The new DSM programs 
evaluated range fiom approximately I MW to 85 MW and include demand and energy reduction 
benefits, The DSM programs included i n  tliis analysis could reorder tinits selected to serve load. 
Tlierefore, an optimization was performed with tlie DSM programs i n  place aiid compared to an 
optimization without tlie DSM programs to determine cost effectiveness. Tlie optimization with the 
DSM programs in  place provided lower cost revenue requirements than tlie optimization without tlie 
DSM programs. Since inclusion of the DSM options was identified as economical in tlie production 
model, their benefits were incorporated into the base expansion plan and i t  is recommended that the 
DSM programs be implemented along with the base expansion plan 

In order to consider uncertainty i n  tlie process, a rigorous evaluatioii of several l e y  
assumptions was conducted. These sensitivity cases quantified the effects on tlie optimal plan of 
DSM performance, various load forecasts, unit retirements, carbon dioxide regulation, combined 
cycle operation, and brealceveii analyses on tiattiral gas prices and coal capital costs. Base case 
results conclude that tlie construction of gas-fired units tlirougli 2022 provide lowest cost revenue 
requirements, Tlie first unit installed is a 2x1 combined cycle iii 2015. 
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Introduction 

The purpose of tliis study is to produce a inultiple year Integrated Resource Plan for 

Kentucky Utilities Company and L.ouisville Gas and Electric Company (collectively, the 

Companies). The IRP is deterinined based on a minimum expected Present Value of Reveiiue 

Requirements (PVRR) criterion over a 30-year planning horizon and subject to certain constraints, 

including a target reserve inargin of 14% and unit operating characteristics 

This report will first discuss the various modules of the Strategist,,,, computer model used in 

the analysis Next, the reserve margin used in tliis analysis will be briefly discussed followed by a 

discussioii of the results ofthe supply-side screening analysis. A separate screening of Demand-Side 

Management (DSM) options lias also been completed and will be discussed last. Based upoii these 

supporting analyses, initial lists oftechnologies of various types and capacities will be suggested for 

further analysis within the optimization module of Strategist,,j,. Sensitivities developed around five 

ltey areas (DSM performance, load forecast, unit retirements, carbon dioxide regulation, combiiied 

cycle operation), along with break even analyses on natural gas prices and coal coiistructioii costs, 

will be evaluated i n  computer optimizations and the least cost plan will be presented for 

consideration. 
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An Overview of the Strategisto Computer Model 

The L.oad Forecast Adjustment (L.FA), Generation and Fuel (GAF), Proview (PRV), and 

Capital Expenditure and Recovery (CER) modules of the Strategisto,, computer model were used i n  

the study. The Strategist,,,, computer software program can be used to either optimize a set of 

resource alternatives (determine a least-cost strategy under a prescribed set of constraints and 

assumptions) or evaluate a single pre-specified plan. Input parameters to the Strategist,,t model are 

described in Appendix A of this document. 

The L.FA module allows the user to create typical monthly load shapes for each company 

modeled to be transferred to tlie GAF module for production costing purposes. Inputs to the LEA 

are each modeled company’s peak and energy load forecasts for multiple years and a load shape. 

Two companies are modeled in  detail within the LFA. The Companies are modeled together and 

make up one of the two companies while Owensboro Municipal lJtilities (OMIJ) is the second 

company. OMlJ is modeled due to the unique purchase power agreement it has with the Companies. 

The OMU contract is expected to terminate in May 2010 More details on the OMU contract 

termination can be found in  Section 6. The demand and energy modeled for the Companies is after 

any peak and energy reductions associated with Interruptible or Curtailable customers. Existing 

DSM programs are then modeled separately within the LFA. 

The GAF module simulates power system dispatch and operation using a load duration curve 

production costing technique. Production costs including fuel, incremental operation and 

maintenance (O&M), purchase power and emissioii costs are calculated in this module. Inputs to the 

GAF include generating unit and purchase power characteristics, fuel costs and unit or fuel specific 

emissions infomiation 
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PliV is aii optimization inodule that evaluates all combinations of potential options to 

produce a list of resource plans, sub,ject to user specified constraints, that satisfy the Companies’ 

minimum target reserve margin criterion. PRV combines production cost analysis with ail analysis 

of new construction expenditures (or DSM implementation costs) to suggest an optiinal resource 

plan and sub-optimal resource plans based on minimizing utility cost PRV receives revenue 

requirements information associated with capital expenditures fi-om the CER., Iilputs to PRV include 

generic generating unit characteristics fiom the GAF, DSM information froin tlie LFA, and 

constructioniimplemeiitatioii parameters such as each option’s first year available. 

The CER module calculates revenue requirements associated with capital expenditures for 

both the construction and in-service periods. PRV receives project-specific revenue requirement 

profiles for possible in-service dates from the CER for use in optimizations The revenue 

requirement profiles are combined with the GAF production cost analysis to produce a total system 

revenue requirement for the study period. The CER contains capital inforination 011 resource 

projects associated with the optimal Integrated Resource Plan Inputs to the CE.R include 

consti-uction cost profiles, depreciation schedules and various economic assumptions 

Supporting Studies 

Several supporting studies are utilized in this evaluation These studies include the target 

minimum reseive margin, the supply-side technologies and the DSM programs used in this 

evaluation. 
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Minimum Reserve Margin Target Criterion 

111 .January of 2008, a study was completed to determine an optimal reserve margin criterion 

to be used by tlie Companies. This study recommended that a target reserve margin of 14% be used 

iii long range planning studies. Accordingly, in the evaluation and development of this optimal 

Integrated Resource Plan, the Companies have used a reserve margin target of 14%. The reserve 

margin study titled 2008 AitnlJ,sis oj'Reseriv Mnrgiii PInitrtiitg Criferioit (March 2008) can be 

fouiid iii Volume 111, Teclinical Appendix of tlie Companies 2008 Integrated Resource Plan. 

Supply-Side Technology Screening Analysis 

As a precursor to the optimization process, a technology screening analysis was conducted. 

Tlie purpose of the screening analysis was to evaluate, compare and suggest the least-cost supply- 

side options to use in Strategist{i, optimizations Tlie number of supply-side options available 

necessitates that a screening aiialysis be conducted since modeling of all options in Strategist,,:, is 

simply not feasible. The supply-side screening report AnnlJtsis oj Siipply-SifIe TecItitoIogy 

Alferrzntiiws (April 2008), can be found in Volume 111, Tecliiiical Appendix. The supply-side 

technologies suggested by the screening evaluation for detailed aiialysis within the Strategist., model 

are shown in Table 1 

Table 1 
Supply-Side Technologies Suggested for Analysis with Strategist@ 

Supercritical Pulverized Coal - High Sulfur Fuel 
3x 1 Combined Cycle Combustioii Turbine 
2x1 Combined Cycle Combustion Turbine 
Wind Energy Conversion 
Simple Cycle Combustion Turbine 

Run of River-Ohio Falls Station Expansion (Units 9 and I O )  
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The options listed in  Table 1 are the optioiis that passed the scr'cening analysis and represent 

the complete list of supply-side alternatives available to Strategist,,,,, The Companies will continue to 

pursue possible opportunities through tlie RFP process and through participation in the wholesale 

niarltetplace on a real time basis wheii evaluating future resources. Purchase opportunities are 

compared to construction alternatives in  the CCN process to arrive at an optiiiial strategy. Peaking 

type purchase power opportunities in optimizations would serve only to evaluate tlie delay of CT 

construction for short periods of time, which is already being considered by tlie Companies in 

greater detail in the CCN process, Regardless of tlie method or the arena in  which tlie evaluation is 

conducted, tlie Companies will continue to evaluate the benefits of purchase power, both short- and 

long-term, through participation in the wholesale iiiarketplace 011 a real time basis as a method to 

delay generation construclioii, An Integrated Gasification Combined Cycle unit  (IGCC) was also 

included in  tlie Strategist,,i,, analysis due to its potential lower cost over pulverized coal if CO? 

eniissioiis are regulated in  tlie future. 

Demand-Side Technology Screening Analysis 

In addition to tlie supply-side screening discussed above, a demand-side screeiiing was 

performed, More than eighty demand-side optioiis underwent a qualitative screening evaluation, the 

results of which suggested that twenty-eight demand-side programs be evaluated further in a 

quantitative evaluation. The results of that evaluation indicate that twelve new demand-side 

programs be considered for implenieiitatioii Collectively, the new DSM programs are expected to 

reduce tlie Companies' systeiii peak by approxiiiiately 109 MW by the summer of 2016. The 

existing DSM programs are assumed to continue into the future and have not been included in the 

optimization process. Because tlie sizes of the DSM prograins are siiiall when compared to 
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competing supply-size options, it is intuitive that the program will not completely eliminate a new 

unit from the expansion plan. Instead, the program could serve to defer new construction in the 

event that smaller amounts of capacity are needed to maintain the target reserve margin If the case 

that includes the DSM programs lowers the expected PVRR of the expansion plan, then the 

programs will be included in the Companies’ plans to meet future needs. More details regarding all 

the Demand Side Management programs, including the cost of the new programs can he found in the 

report tiled Screening of Denzarzd-Side Managenrenf (DSM) Options (March 2008) in Volume 111 

of the Technical Appendix. 

Base Case Development 

Using the supply-side options identified in Table 1 along with the base assumptions for the 

demand and energy forecast, fuel forecast and new unit capital costs, an initial expansion plan can be 

developed. Appendix A of this report details all of the existing units’ operating characteristics as well 

as documents all of the load forecasts (base, high and low), fuel prices and emission allowance cost 

infomation used in this evaluation Table 2 below details relevant information pertaining to each of 

the supply-side options evaluated. There is a reserve margin shortfall in 2014 of approximately 20 

MW. The reserve margin was allowed to drop for that yearto approximately 13.7%. It is most likely 

that the projected deficit in 2014 will he met with a power purchase 
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Confidential Information 

A few comments regarding the information contained in Table 2 are worth noting: 

Cost and performance data for all units except Ohio Falls Station are based on data provided 

by C u m i n s  & Barnard (C&B) in December of 2007. 

Cost and performance data for the Ohio Falls Station option is based on an escalation (6% 

annually) of the cost evaluation supplied to the Companies by Devine Tarbeil &Associates 

for a separate hydro project that was studied in 2006. Since this estimate was not site- 

specific to the Ohio Falls Station, it does not take into consideration environmental issues 

that may exist regarding the installation of Ohio Falls Station 9 and 10. 

As mentioned earlier and reiterated here, no purchase power alternatives are evaluated in this 

analysis hut will be evaluated within the required CCN application process. 
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For a iiiore complete description of tile origins of the data associated with each of tlie supply-side 

options see the Arin/pis ~~SiipplJI-Sirle Teclirinlogy Altemntirm (April 2008) in Voluiiie 111, 

Technical Appendix. 

Witli the summary of‘ the supply-side cost and performance data, the least cost base plan 

identified by Strategistfa, can be evaluated. For future reference, this plan will be referred to as Plan 

“A” and i t  represents the 30-year expansioii strategy that minimizes the Present Value of Revenue 

Requirements criterion given tlie assumptioils for each alternative’s cost and perfoimance (sliowii in  

the preceding Table 2) and tile assuinption of base load. The expansion plan for tlie fifteen year 

period (2008-2022) covered by the Integrated Itesource Plait for Plan “A” and tlie PVRR associated 

with i t  are shown below i n  Table 3. 

To facilitate the comparison of multiple plans, tlie names of the alteiiiatives have been 

shortened. GFCU is the 750 MW supercritical coal unit ,  LCCT represents tlie 817 MW 3x1 

combined cycle option, CCCT represents the 475 MW 2x1 combined cycle unit, IGCC represents 

tlie 584 MW 2x1 IGCC unit, Wind represents a 50 MW wind turbine, SCCT is the I55 MW simple 

cycle combustion turbine and the Ohio Falls Station optioiis will be referred to as Falls 
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Table 3 
Initial Expansion Plan 

Plan: “ A  
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 1-CCCT 
2016 
2017 
2018 
2019 I-CCCT 
2020 
202 1 
2022 1 -SCCT ____-____ _________ 

30 Yr PVRR ($e) 17 950 

As can be observed in Table 3, optimizatioii iesults using the base assumptions indicate that 

tlic installation of a Gieenfield combined cycle unit in 2015 and 2019, followed by a Greenfield 

simple-cycle combustion turbine in 2022 is optimal The thirty-year PVRR for this case, in  2007 

year dollars, is estimated to be $17 95 billion 

Sensitivity Analyses 

The supply-side alternatives identified in Table 2 were also evaluated iii several other 

sensitivity cases. Sensitivities were performed in  five areas: ( I )  DSM performance, (2) load 

forecast, ( 3 )  unit retirement (4) carbon emissions regulations and (5) combined cycle operation., 

Additionally, break even analyses were performed oii ( 6 )  gas prices and (7) coal capital cost to 

determine the point at which the PVRR for an expansion plan with a coal unit installed in 2015 

would be similar to Plan “A”. 
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Sensitivity: DSM Performance 

Several DSM programs have been studied and suggested for implementation in  Case 2007- 

00.3 19 and in  tliis IRP as found in Volume Ill ,  Teclinical Appendix. Sensitivities were performed by 

removing DSM fioiii Plan “A” and are summarized in  Table 4. Table 5 summarizes the optimal 

expansion plans and costs for tlie DSM sensitivities., Plan “A” is shown for comparison 

Table 4 
DSM Sensitivity Cases 

Case IDescription I MW Removed 

17-00319 is Denied 195 
kqnnR IDD DSM is Denied 1 109 

Table 5 
DSM Sensitivity 

“ A  “B” “C” “D” Plan: 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
201 5 1 -CCCT 
2016 
2017 
2018 
2019 1-CCCT 
2020 
202 1 

CCCT 1-CCCT 1-CCCT 
1-SCCT 

1-SCCT 1-SCCT 

1-CCCT 
GCCT 1-SCCT 

1 -CCCT 

I-SCCT 1-SCCT 1-SCCT _________ __---____ _________ _________ _________ _________  _________  _________ 2022 

30 Yr PVRR ($B) 17 950 18 171 18 681 18 942 
Cost Delta to Base 0 0 222 0 731 0 992 
Plan Rank (Low to High) 1 2 3 4 
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The programs proposed i n  tlie 2008 IRP lower PVRR $222 Million for the 30-year period 

(Plan “B”). The programs proposed in Case No, 2007-00.3 19 lower PVRR $73 1 Million (Plan “C”), 

wliile the combination (Plan “D”) lowers PVRR $992 Million. Table 5 indicates that the inclusion 

of the DSM programs lower PVRR and should be implemented as proposed i n  Volume 111, 

Technical Appendix. Therefore, all following sensitivities will include the full DSM benefits as 

included i n  Plan “A”. 

Sensitivity: Load 

TIie load forecast is a significant factor influencing the Companies’ integrated Resource 

Plan. E.ac1i supply-side technology is designed for optimal uni t  performance at various levels of 

utilization., CTs, for instance, while relatively inexpensive to construct when compared to coal-fired 

units, are more costly to operate and maintain given the relative prices of gas and coal Conversely, 

coal-fired units wliile expensive to construct, are relatively inexpensive to operate and maintain, 

The economics of adding a supply-side option to any generation system is based on the expected 

costs of operating (including any associated costs for environmental emission) and maintaining the 

unit over tlie full range of loads it is expected to serve. Significant econoniic penalties may be 

incurred if the unit is operated above or below the level i t  was planned to serve. For example, if a 

CT was added to a system in which load was greater than forecasted, the utilization of the CT may 

exceed the economical range for which it was planned. In  other words, i t  may have been more 

economical to install intermediate load serving capacity (such as combined cycles) or baseload 

capacity (coal or hydro) instead. Thus, load growth scenarios that are different from that which is 

currently forecasted may have a significant impact on tlie selection of ai1 optiinal technology type. 
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Therefore, i n  order to evaluate tlie effect of various load forecasts, a load sensitivity analysis was 

incorporated into the process of determining an optimal resource plan. 

I n  summary, tlie load sensitivity analysis consists of evaluating the effect of three load 

forecasts on tlie selection of resource alternatives. The three forecasts depict an expected system 

load growth case, a case where system load growtli exceeds expected growth and a case in  which 

system load growth is less than expected, For reference, the resulting forecasts are termed tlie base, 

high and low load forecasts., The details of and the basis for the various load forecasts are described 

i n  Volume 11, Technical Appendices 1-111 A tabulated suinniaiy of these respective forecasts can be 

found in Appendix A of this document. 

Table 6 shows the optimal expansion plans when optimization runs are made on the low load 

(Plan “E”) and high load (Plan “F”) forecasts For coniparison purposes the optimization ofthe base 

load forecast (Plan “A”) is also shown, The inclusion of the 30-year PVRR for the sensitivities are 

for informational purposes (i.e. tlie high load forecast is expected to have a higher cost thaii either 

the base or low load forecasts) and is shown to indicate how much costs are affected by the 

sensitivities conducted, 
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Table 6 
Load Sensitivity 

Load Forecast: Base Low High 

Plan: 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
202.1 
2022 

30 Yr PVRR ($E) 
Cost Delta to Base 
Plan Rank (Low to High) 

“ A  “E” ”F“ 

1 -CCCT I-CCCT & I-SCCT 
1-SCCT 

I-CCCT 
1-CCCT 1-CCCT 

1-SCCT 
1-SCCT I-CCCT _________  _-_______ ___-___---___ _______-_ -________ _______--____ 

17 950 15 665 20 371 
0 (2 285) 2421 
2 1 3 

As with tlie base optimization, seiisitivity optimizations around the forecasted load for tlie 

Companies continue to show that a combined cycle unit is iiistalled in  the first year of need. As 

should be anticipated, tlie occurrelice of low load over the period as represented in  Plan “E” results 

in tlie least cost PVRR, with Plaii “A” (base load) and Plan “F” (high load) following respectively. 

It is noted that the first year available for all units is 2015 Allowing for an earlier install would 

result in the selection of units earlier than 201 5 for the high load scenario 

Sensitivity: Unit Retirement 

Waterside 7 and 8 were retired August 21, 2006 and Tyrone Units 1 and 2 were retired 

February 26,2007 after determining i t  would be uneconomical to contiiiue their operation While 110 
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Case Units Retired 
"G" 
"H" Tyrone 3 

"J" 

Green River 3 and 4 

"I" Green River 3 and 4, Tyrone 3 - 
Haefling 1-3. Cane Run 11. Paddy's Run 11-12, Zorn 1 

March 2008 

Total MW 
163 
71 

234 
99 

additional retirements are currently planned, the Companies have a number oftinits that are at least 

thirty-five years old [see the portion on ilgir7g Ger7ernfir7g U r 7 / / , 7  in  Section 8.(5)(b)]. Furthermore, 

the relatively liigh production costs of these units and tlie upcoming Clean Air Interstate Rule 

(CAIR) restrictions, as well as any future imposed environmental regulations, will only worsen their 

relative economics. I t  could become economic to retire many of these units even without a 

significant iiiecliaiiical failure Table 2 in Appendix A of this report displays the units affected by 

this sensitivity, Retirement sensitivities evaluated are summarized in Table 7 .  

Table 7 
Retirement Sensitivity Cases 

To simplify the retirement sensitivities, all units were assumed to retire simultaneously on 

December 31, 2014 The sensitivity utilizes the base load forecast., Table 8 summarizes the 

resulting optimal generation expansion plan and costs associated with tlie plan. As before, Plan "A" 

is shown for comparison., 
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Table 8 
Retirement Sensitivity 

Load Forecast: Base Base Base Base Base 
Retire Units: No GR3-4 TY3 GR&TY CTs 

Plan: 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
202 1 
2022 

30 Yr PVRR ($6) 
Cost Delta to Base 
Plan Rank (Low to High) 

"A" "G" "H" "I" "J" 

1-CCCT 1-CCCT 1-CCCT 1-CCCT 1-CCCT 

1-CCCT 
1 -CCCT 

1-SCCT 
1-SCCT 1-SCCT __-__-___ _________ _--_-____ _________ 

17 950 18 119 
0 0 169 
1 4 

1-SCCT 
1-SCCT 1-SCCT 1-SCCT 

1-SCCT 
1-CCCT 1-CCCT 1-SCCT 

1-CCCT _ _ _ _ _ _ _ _ _  __-----__ ____-____ _________  __------_ _____-___ 
17 995 18 200 17 992 
0 045 a 250 0 042 

3 5 2 

The results of the retirement sensitivity reveal optimal generation expansion strategies very 

similar to what the DSM and load sensitivities suggested: a combination of combiiied cycle units and 

simple cycle combustion turbines through 2022 

Sensitivity: COz Regulation 

There has been much debate on the role that carbon dioxide (CO?) contributes to global 

warming and the probability of regulating its emission is growing. Therefore, a sensitivity lias been 

developed on COZ regulation COz emission allowance prices used iii this evaluation caii be found 

in Appendix A Table 8. The alternatives allowed in this scenario were expanded to allow the 

possible capture aiid sequestration (CCS) of COz. Along with the options described in Table 2, a 
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750 MW coal unit with CCS and a 550 MW IGCC with CCS have been included and tlieii operation 

Iiiglilights ale summarized in Table 9 Results foi the CO2 sensitivity can be found in Table 10 

Confidential Information 

Table 10 
GO2 Sensitivity 

Load Forecast: Base Base 
Retire Units: No No 

Plan: 
2008 

"A" "K" 

2009 
2010 
201 1 

2013 
2014 
2015 
2016 

2018 
2019 
2020 
202 1 
2022 

2012 

2017 

30 Yr PVRR ($8) 
Cost Delta to Base 
Plan Rank (Low to High) 

1 1  -CCCT -CCCT 

1 1  -CCCT -CCCT 
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The optimal expansioii plan resulting froin tlie iinpleineiitation of COz iegulation did not 

pioducc a diffeient expansion plan Instead, regulation at the COz piices in this analysis simply 

acted as a “tax” added to existing production costs. As expected, Plan “IC’ has a higher PVRR 

($361 Million) compaied to Plan “A” 

Sensitivity: Combined Cycle Operation 

A combined cycle unit  is considered “interinediate” generation and should have a capacity 

factor somewliere between a siiiiple cycle combustioii turbine and a baseload unit, Tlie combined 

cycle units in  P h i  “A” operate at a capacity factor of approximately 24%, which is more like a super 

efficient peaking unit, considering that the efficiency of a combined cycle uni t  is 35% greater than 

that of a simple cycle combustion turbine, when contrasted with tlie capacity factor of approximately 

90% for a new baseload unit Tlie data provided by C&B for the Screening Analysis projected a 

combined cycle capacity factor of approximately 6 0 % ~  Requiring the combined cycle to operate at a 

higher capacity factor could male it economical to install another alteiiiative in its place, either 

simple cycle combustion turbines if the load need is more peaking or a coal unit i f  tlie load need is 

more baseload. Table I I displays tlie expansioii plan results of tlie case that requires greater 

production from the combined cycle units. 
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Table 11 
Combined Cycle Operation Sensitivity 

Load Forecast: Base Base 
Retire Units: No No 

Plan: 
2008 

20,lO 
201 1 
2012 
2013 
2014 
20.1 5 
2016 
2017 
2018 
2019 
2020 
202 1 
2022 

2009 

30 Yr PVRR ($6) 
Cost Delta to Base 
Plan Rank (Low to High) 

" A  "L" 

1-CCCT 1-SCCT 
1 -SCCT 

1 -SCCT 
1-CCCT 1-SCCT 

1 -SCCT 
1-SCCT 

1-SCCT 1-SCCT _________ _________ _________ _________ 
17 950 18 045 

0 0 095 
1 2 

The optimal expansion plan changes when requiring greater production volumes from 

combined cycle units by iiiaking them "must run" units Must run implies that tlie unit must be 

committed to operation piior to dispatching upper segments of other units As Plan "L" indicates, 

the model opted to install simple cycle combustion turbines througli 2022 instead ofcombiiied cycle 

units. This indicates that tlie Companies' system, given tlie inputs i n  the model, is in need of 

peaking generation more than baseload geiicration at this time 
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Break Even Analysis: Gas Prices 

Tlie relative prices of natural gas and coal may have a significant impact 011 the selection of 

an optimal technology type. Therefore, in  order to evaluate the effect of natural gas and cwal prices, 

a fuel sensitivity aiialysis was incorporated into the Companies’ process of determining an optimal 

Integrated Resource Plan. The natural gas prices were adjusted while holding tlie coal prices 

constant. This allows for a relatively simple method for evaluating the impact of the “gap,” or 

difference in cost between that of coal and natural gas All other inputs were held constant for this 

analysis. Results indicate that natural gas prices would need to increase by approximately 125% 

over those contained in Appendix A Table 4 before a coal unit  becoines economical over a natural 

gas unit 

Break Even Analysis: Coal Capital Costs 

Capital costs for generating units have increased dramatically in recent history, Baseload 

units generally have substantially higher $/lcW capital requireinents than peaking, but benefit from 

lower fuel costs during its lifetime of operation. Capital inteiise generating units will be impacted 

more by tlie recent cost increases since there is more cost to male  up via lower fuel costs This 

analysis simply adjusts coal capital costs while holding all other inputs coilstant i n  order to 

determine the point at which a coal unit  becomes preferred over gas. Results indicate that coal 

capital costs would need to decrease by approximately 40% before being selected as the 2015 

technology choice. 
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Summary and Recommendations 

The results of the optimization perforiiied with the base inputs identified Plan “A” as the 

least-cost expansion plan for meeting tlie Companies’ load requirements. The plan calls for a 

combined cycle unit to be constructed at a Greenfield site i n  201 5 and 20 19, and a Greenfield CT in 

2022., This plan is supported by eleven sensitivities to key assumptions including DSM 

performance, load forecast, unit  retirements, CO? regulation, combined cycle operation, natural gas 

prices, and coal construction costs., I n  nine of the eleven sensitivities, the optimal plaii called for the 

construction of a Greenfield combined cycle unit in 201 5, followed by a combination of Greenfield 

combined cycles and CTs through 2022, One of tlie sensitivities that did not have the previous 

ordering is tlie low load forecast, which recommended a combined cycle unit iii 2019 as the only 

new unit requirement through 2022. The other sensitivity with different ordering, “Combined Cycle 

Operation”, only called for tlie construction of Greenfield CTs through 2022. 

Considering all options reviewed, this study recommends that tlie generation expansion 

strategy of tlie Companies be tliat shown iii Plan “A”, and tliat tlie Companies continue analyzing the 

economics of a combined cycle versus simple cycle combustion turbines to meet future load 

requirements 

Conclusion 

By comparing tlie PVRR of Plan “A” with that of Plan “B”, it can be seen that the twelve 

new DSM programs liave lowered tlie 30-year PVRR by approximately $222 Million and therefore, 

based on tlie foregoing analysis, i t  is recommended that the Companies implement both the supply- 

side plan identified as Plan “A” as well as tlie new DSM programs I t  is further recommended that 

purchase power continue to be reviewed as an option to delay generation constructioii 
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DATA ITEMS USED IN 2008 OPTIMAL INTEGRATED RESOURCE PLAN ANALYSIS 

Existing System Data 
The Strategist,,,, coniptitei piogiani is used to simulate Kentucky Utilities Company's (KU) and 
1.ouisville 6 a s  and Electric Company's (L.G&E.) generating systems. The model siinulates tlie 
dispatch of' both companies generating units and other purchases to serve load, and of Owensboro 
Municipal Utilities' (OMIJ) generating units and purchases to serve OMU's load while 
simultaneously niaiiitainiiig the KIJ/LGE reserve margin requirements. The reinaining generation 
available from OMU's units after met ing their requirements is economically dispatched by the 
Companies The following sections outline the iiiformatioii and the sources of tlie iiiformatioii used 
to model tlie KU, LG&E and OMU generating systems. 

A) Geiieral Data lteins 

I .  Base Year: 2007 

2 

3 Econoniic Assumptions: 

Study Period: 2007 to 2037 (with infinite end effects) 

Revenue requirements are determiiied on aii annual basis and discounted to 
the base year giving a present worth of revenue requiiements Discouiiting is 
performed using a discount rate, wliicli is assumed to remain constant for all 
years 

4 Financial Parameters: 

a Discouiit Rate: 7 85% 
b Capital/O&M costs Escalation Rates for Coal: 19%/1 6% 
c Capital/O&M costs Escalation Rates for Gas: 2 2%/1 6% 
d Combined Federal and State tax late: 39 55% 

5., Unserved Energy Cost: 

The cost placed 011 uiiserved energy is $15,000 per MWh (2007 dollars) and is 
based on study provided by Pace Global Eneigy Seivices. 

6.  1.oad Forecast: 

KUilGE Base: See 2008 Expaiisioii Plaii Appendix A Table l a  
Based 011 L.G&E and KLI Energy and Demand Forecast for 
2007-2037 contained in Section 7 of Volume I .  
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KU/L.GE High: See 2008 Expansion Plan Appendix A Table I b 
L,G&E and KLJ Energy and Demand Forecast foi 2007-2037 
contained in  Section 7 of Volunie I 

KU/LGE Low: See 2008 Expansion Plan Appendix A Table I C  
Based on L.G&E and KU Energy and Demand Foiecast foi 
2007-2037 contained i n  Section 7 of Volume 1 

OMU: Developed Apiil 24, 2007 by KUiLGE personnel based on 
See 2008 hisloiical data and infonnation piovided by OMU 

Expansion Plan Appendix A Table la 

7. Unit Retirements: 

Base Assumption: 
This evaluation reflects the recent retirements of Waterside 7 and 8, and 
Tyrone 1 and 2. Tlie operating life of all other existing units is beyond 
tlie end of the study period. 

Sensitivity: 
Sensitivities were performed that considered tlie simultaneous retirement 
of aging units. Tlie scenarios considered retirements oftlie units listed in  
Appendix A Table 2 on December 3 1,20 14. 

8. Hourly Load Files: 

Market Analysis provides the KU and LG&E typical liourly loads files with 
all load forecasts used. OMU typical hourly loads files are developed based 
on an OMU historical load shape 

9. KU/LG&E Unit Data: 

a .  Installed Capacity - See 2008 E.xpansion Plan Appendix A Table 3 

b. Equivalent Forced Outage Rate - See 2008 Expansion Plan Appendix A Table 3 

System FOR target developed based on 
benchmark averages for the top quartile, 
FORs have been increased by inclusion of 
maintenance outage hours (MOHs) to better 
reflect actual unit availability Modeled 
EFOR = FOR + MOR. 
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c 

d Fuel Costs: 

Hcat Rates: See 2008 Expansion Plan Appendix A Table 3 

Fuel Price Forecast Developed May 3 I ,  2007 

e. Maintenance Schedule: 

Maintenance inputs were determined by reviewing the Companies’ 
projected maintenance as of late spring 2007. Planned outages are 
scheduled to optimize reserves and reliability over all months of each 
year. 

10. OMU Unit Data: 

a Installed Net Capacity: 

OMU (Smith Unit I ) :  136/143 (summeriwinter) 
OMU (Smith Unit 2): 2591265 (sumiiieiiwintei) 

b Equivalent Forced Outage Rate: 

OMlJ (Smith lJiiit I ) :  15 27% 
OMlJ (Smith Unit 2): 16 64% 

c Heat Rates (Full L,oad): 

OMU (Smith Unit  I): 30,620 BtuiltWh 
OMU (Smith Unit  2): 10,070 Btu/ltWh 

d. Heat Content of Fuel: 10,700 Btuilb 

e., Maintenance Schedules: 

Planned outage inputs were developed with the 
assistance of OMU. 

f .  Contracted MW Demand Sale to KU: See 2008 Expansion Plan Appendix A 
Table 5 

g Fuel Cost: See 2008 Expansion Plan Appendix A Table 6 

Fuel costs include associated costs for fuel handling 
and limestone. 

I1 OMU Scrubber O&M (Smith Units I & 2): 
24 

2008 Expansion Plan Appendix A 



2008 IRP: E.xpansion Plan 
March 2008 

i 
i i  Removal Efficiency: 93 5% 

Vaiiable O&M: L.iniestone charges included in luel cost 

1 I Otlier Puichases: 
a Contract Demand: See 2008 Expansioii Plan Appendix A Table 5 

OVEC (Firm): 174 MW 

b Forced Outage Rates: 

OVEC: 0% FOR Energy schedule incorpoiates outages 

c Full L.oad Heat Rate (BtuikWIi): 

OVEC: 10.000 

For this transaction, which was modeled as a purchase power 
unit, the fuel piice was input sucli that tlie fuel price times the 
heat late would iesult in tlie expected energy cost of the 
purchase A heat rate of 10,000 BtuikWli is not meant to 
reflect the "real life" heat rate of tlie units associated with this 
ti ansaction 

d Heat Content of Fuel (Bhdlb): 

0VE.C: N/A 

e. Fuel/Energy Cost: 

See 2008 Expansion Plan Appendix A Table 6 

f "  Maintenance 

OVEC: Maintenance requirements were provided by OVEC for calendar 
year 2007. The same profile is assumed for all other years. 
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2008 IRP: Expansion Plan 
March 2008 

Table l a  - 2008 Expansion Plan Appendix A 
Base Forecast: Peak (MW) /Annual Energy (GWh) 

Table 1 b - 2008 Expansion Pian Appendix A 
High Forecast: Peak (MW) /Annual Energy (GWh) 

.2 6 
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2008 IRP: E.xpansion Plan 

Unit 
Type 

March 2008 

Summer Current 
Capability Age 

Plant Name Unit (Net MW) (Years) 

Table IC - 2008 Expansion Plan Appendix A 
Low Forecast: Peak (MW) /Annual Energy (GWh) 

Steam I Green River 

Steam 1 Tyrone 
~.--I.c-.~ CT ane Run "- 

CT 1 Paddy'sRun 

Steam 1 Green River -___-.I ._ 
__ .____,,-__I^._ -- 

1 3 1 68 I 54 
4 95 1 49 
3 71 1 55 

~ 

.... ~.~.lll-.-l I__- 

40 
~ 40 

11 
11 12 
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CT 1 Paddy'sRun 1 12 23 1 40 
CT Zorn 1 1 1 14 I 39 



2008 IRP: Expansior 
March 

Confidential Information 

Table 3 - 2008 Expansion Plan Appendix A 
Louisville Gas and Electric/ Kentucky Utilities Generator Data 

I I I I I Ava Heat Rate/ 

I Plan 
2008 - 

28 
2008 Expailsion Plan Appendix A 



2008 IRP: Expansion Plan 
March 2008 

Confidential Information 

Table 4.2008 Expansion Plan Appendix A 
Lauisviiia Gas and Electric1 Kentucky Utiiities Fuel Costs (SIMbtu) 

Table 5 - 2008 Expansion Plan Appendix A 
Kentucky LJtilitieslLouisville Gas and Electric 

Purchases During Peak Month (MW) 

29 
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2008 IRP: E.xpansion Plan 
March 2008 

Confidential Information 

Table 6 - 2008 Expansion Plan Appendix A 
Modeled Energy Costs Associated with 

Purchase Alternatives ($IMbtu) 

30 
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2008 IRP: Expansioii Plaii 
March 2008 

Confidential Information 

Table 7 - 2008 Expansion Plan Appendix A 
Modeled Purchase Power Demand Costs 

($/MW-Wk) 
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2008 E.xpaiisioii Plaii Appendix A 



2008 IRP: Expansion Plan 
March 2008 

Table 8 ~ 2008 Expansion Plan Appendix A 
Emission Allowance Prices 

($/Ton) 
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KENTUCKY UTILITIES COMPANY 
LOUISVILLE GAS and ELECTRIC COMPANY 

ANALYSIS OF 
SUPPLY-SIDE TECHNOLOGY ALTERNATIVES 

1. EXECUTIVE SUMMARY 

I<entucky Utilities Company and 1,ouisville Gas and Electric Coiiipany (the Companies) 

performed a detailed screening analysis of supply-side alternatives in  order to evaluate, compare, 

and determine the least cost supply-side technology options to be used i n  further integrated 

resource optimization analysis. 

Cummius & Bariiard supplied the Companies with the bulk of data used i n  this evaluation, 

which includes the following: technology descriptions, detailed capital and operation and 

maintenance (O&M) cost estimates, and detailed perforinance and emission results at 57oF 

(average), l0oF (winter), and 880F (summer) at base load for all technology alternatives and at 

expected operating load for peaking and intermediate load options. Other data used in tlie 

screening analysis was compiled via contracted studies froin Devine Tarbcll & Associates and 

Voitli Siemens. 

Fifty-five technology alternatives were screened through a levelized screening analysis i n  

which total costs were calculated for each alternative, at various levels of utilization, over a 30- 

year period and levelized to reflect uniform payment streams in each year., This method tends to 

be more forward-looking than other methods since i t  evaluates the economics of owning and 

operating a unit over a multi-year period., L.evelized costs of each alternative, at varying capacity 

factors, are tlien compared and the least-cost technologies for capacity factor increments 

throughout the planning period are determined., The screening analysis considers three sensitivity 

variables: capital cost, heat rate, and fuel cost. Environmental costs (emissions) pertaining to 

nitrogen oxides (NOx), sulfur dioxide (SO2),  and carbon dioxide (CO2) are included in  the 

analysis in  two ways, The environmental cost implications regarding NOx and SO2 emissions are 

included in the base case analysis and accounted for as a variable cost similar to a fuel adder. 

Although there remains no current regulatioii for tlie emission of CO2, the impact of potential 

emission regulations is included as alternatives to the base analysis. 



Based on the results of tlie levelized screening analysis, i t  is recommended that tlie 

technologies listed in  Table 1 be retained for fiirtlier evaluation i n  tlie integrated resource 

optimization analysis 

Table 1 
Alternatives for Further Consideration 

Supercritical Pulverized Coal Unit ,  High-Sulfur, 750 MW 
3x I GE 7FB Coinbiiied Cycle Combustion Turbine 
2x I GE 7FA Combined Cycle Combustion Turbine 
Wind Energy Conveision 
GE 7FA CT Simple Cycle Combustion Tuibiiie 
Ohio Falls 9-10 Hydio Units 

2 



KENTUCKY 1JTIL.ITIES COMPANY 
1.OUISVIL.LE GAS and EL.ECTRIC COMPANY 

ANAL-YSIS OF 
SIJPPLY-SIDE TECHNOL,OGY AL.TERNATIVES 

2. INTRODUCTION 

This study evaluated several supply-side technology costs and performance estimates for 

currently available and emerging technologies. As part of tlie Integrated Resource Plan process, 

Kentucky Utilities Coinpany and L.ouisville Gas and Electric Company (tlie Companies) evaluate, 

at a high level, all of tlie currently available/enierging technologies. A detailed evaluation (using 

production costing computer models) of' all currently available/emerging technologies is 

impractical due to the large number of possible alternatives and tlie significant amount of time 

required for computer simulation if each were modeled individually, Tlie purpose of this study is 

to reduce the list of possible technology alternatives to a more manageable size. Tlie study was 

conducted by first constructing optimal (least-cost) operation for each technology at various levels 

of utilization. To achieve this, a discussion of tlie sources for, and adjustments to, the data 

presented within this analysis and a brief description of each generating technology is presented. 

This is followed by a description of the levelized screening methodology and associated 

sensitivities. Finally, tlie basis for recommending one technology over another is presented and 

those technologies suggested for additional computer sirnulatioil are identified 

3. DATA SOURCES 

Cunimiiis & Barnard gathered infomiation on several technology alternatives and 

submitted to the Companies a final study in Decenibei 2007 Tlie document included technical 

descriptions for all technologies, detailed capital costs, performance expectations, eniission rates, 

3 



and O&M costs for conventional generation alternatives (pulverized coal, simple and combined 

cycle combustion turbines). The non-conventional technologies (renewable energy, waste-to- 

energy, advanced coal and combustion turbines, and energy storage systems) have the same data 

as tlie conventional alternatives but in  less detail due to their lower level of maturity and frequency 

of use as generation options. The Companies’ analysis and previously contracted studies from 

Devine Tarbell & Associates and Voitli Siemens were used. All technologies analyzed in  tlie 

screening process are found i n  Exhibit I 

4. TECHNOLOGIES SCREENED 

4. I Coal-Fiieled Tecliriologiics 

4 ,  I . ,  I Piilverised Coal 

Conventional pulverized coal-fired units supply most of the Companies’ present generation 

needs. This mature, well proven, and highly reliable technology is used throughout the utility 

industry. Typically, coal-tired units have high capital costs, long construction periods (up to 10 

years) and are economical for baseload duty Both subcritical and supercritical units were 

evaluated, with supercritical units typically being larger plants operating at higher temperatures 

and pressures and more efficiently This evaluation contains seven “Greenfield“ pulverized coal 

options, which include three subcritical units varying from 250 MW to 500 MW and four 

supercritical units ranging in  size from 500 MW to 750 MW. Three of these options were 

evaluated as burning high-sulfur coal (4 5 percent or more sulfur content) and included both a 

subcritical and a supercritical unit of 500 MW size, and a 750 MW supercritical unit 

I n  order to meet state and federal air emissions regulations, all pulverized coal options 

utilize emissions controls as follows: 

4 



- NO,: Combustion controls (low NO, burners and overfire air) and selective 

catalytic reduction (SCR). 

Particulate Matter (PMlo): Fabric filter 

Total Mercury ( H i ,  Hg", llg(pl): Powder Activated Carbon iiijection, fabric filter 

and wet limestone flue gas desulfurization (FGD). 

. 
9 

9 SO?: Wet FGD 

= Acid Mist [PMzs (SO~/H~SO,I)J: Wet FGD followed by a wet E.SP or Wet FGD 

with lime injection upstream of a baghouse, 

4 I 2 Cir.ci,loii/ig Fliiiciized Bed 

Circulating Fluidized Bed (CFB) boiler technology represents a mature and conimercial 

technology for subcritical steam generation up to 340 MW and even higher with the installation of 

multiple CFB units supplying steam to a single steam turbine generator. CFB technology involves 

the injection into the boiler of crushed fuel and limestone and/or other inert bed materials which 

are suspended in a fluidized bed above tlie furnace floor by combustion air. This combustion air is 

injected into the furnace by primary air fans through iiumerous openings in tlie floor of tlie 

furnace. Secondary air is injected at a higher level in the furnace to promote fuel combustion and 

minimize NO, formation. It is through the injection of limestone and tlie fluidized characteristics 

of tlie furnace inaterials that tlie CFB offers the illherent advantage of in situ SOZ emissions 

control. The solid materials within the boiler are circulated through tlie furnace and cyclone 

systems to provide for in-bed sulfur removal and increased residence time i n  the system for 

buriiout and reaction. The in-bed reaction of the calcium in tlie limestone can achieve boiler SO? 

removal efficiencies up to 9.5 percent, however, the addition of a polishing scrubber can increase 

SO? removal efficiencies to as high as 98 percent while reducing sorbent consumption. To date, 



CFB combustion technology exists primarily with subcritical steam cycles. For tliis analysis, both 

a 250 M W  and a 500 MW subcritical CFB unit were considered. 

In order to meet state and federal air emissions regulations, tlie CFB options utilize 

emissions controls as follows: 

NO,: Combustion controls (inherently low combustion temperatures in CFB) and 

non-selective catalytic reduction (SNCR) w/ ammonia iii.jection in tlie boiler, 

Particulate Matter (PMlo): Fabric filters. 

Total Mercury ( H i ,  Hg”, Hg(,,]): CFB w/ a fabric filter. 

SO?: I n  furnace liniestone injection with a polishing scrubber. 

Acid Mist [PM? j (SO3/1-1$30,)]: 111 furnace limestone injection with a polishing 

scrubber and baghouse., 

. 
9 

4.  I 3 Pre.r.siwized Flilidized Bed Conibi~stiori 

Pressurized Fluidized Bed Combustion (PFBC) combined cycle units can be summarized 

as a standard combined cycle facility with an external combustor for the combustion turbine., The 

combustor is pressurized and supplied with coal and with combustion air from tlie combustion 

turbine compressor Hot pressurized flue gas from tlie combustor is used to directly produce 

steam and is also sent through hot cyclones and supplied to a gas turbine for expansion and power 

production,. Combustion turbine exliaust gas is then sent through a lieat recovery steam generator 

(HRSG) for additional steam productioii for steam turbine power generation. 

Due to tlie limited commercial deployment of tliis technology, tlie complexity of tlie 

system, the mixed performance results indicated, and tlie lack of significantly improved cycle 

efficieiicies and emissions as compared to other technologies, PFBC technology is considered to 

still be a developmental technology. 
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I n  order to meet state and federal air emissions regulations, tlie 250 MW PFBC combined 

cycle option in  this evaluation utilizes emissions coiitiol~ as follows: 

9 

9 

NO,: Aninionia injection in  the furnace and a catalyst i n  tlie HRSG, 

Particulate Matter (PMlo) and Mercury: Hot Cyclones prior to tlie turbine and a 

bagliouse after tlie HRSG. 

SOz/Acid Mist: L,iniestone injection in tlie furnace. . 

4. I .4 Iii/egrnted Gosi/;catioi7 ComDii7ed C ~ d e  

Integrated Gasification Combined Cycle (IGCC) gasifies coal, producing a raw fuel gas 

that is cleaned of the majority of flue gas contaminants and sent to a conibiiied cycle power island. 

Tlie syngas is combusted in one or more gas turbines, wliicli exliaust to multiple subcritical heat 

recovery steam generators (HRSGs) which produce steam for a conventional steam turbine. IGCC 

technology is considered to be in tlie second phase of implementation acid commercialization with 

the next generation not liltely to be operational until 2010 and beyond. Tlie technology faces 

liiglier capital costs as compared to tlie pulverized coal and CFB technologies as well as historic 

low availability., Noted advantages to IGCC include tlie potential to provide a future carbon 

capture option and reduced water consumption rates as compared to other coal-fired designs. 

This analysis considers three lGCC options: a 300 MW 1x1 unit (one combustion turbine 

with one steam turbine), a 600 MW 2x1 unit, and a 600 MW 2x1 unit using liigli-sulfur coal. 

These options utilize emissions controls as follows: 

* NO,: Combustion controls and nitrogen diluent injection., 

Particulate Matter (PMlo): Gas scrubber. 

HIS: Carbonyl Sulfide (COS) hydrolysis / acid removal 

a 

. 



4, 1.5 Coal Tecl?r?ologier wiili CO? Ccipitire atid Sec~t/esitniio/i 

CO? capture teclniology lias been evaluated for all of the coal-fired options i n  this 

evaluation with plant capacities greater than 250 All of the options have assumed post- 

coinbustion inoiioetliaiiolainine COz capture with tile exception of IGCC, in  which pre- 

combustion capture was analyzed. For sequestration, the captured CO? is assumed to be 

transported to an offkite, underground cavern via an underground pipeline with all capital and 

monitoring costs included., While cost estimates are provided for this work scope, i t  should be 

noted that sequestration technology is still under development and therefore, costs can vary 

greatly. As such, the values i n  this report should be considered indicative and subject to project 

specific applications. 

4.2 NaiIiraI Gas- Fiielcrl Tcclritolngies 

4 . 2 .  I Spar% lgniiion Etigine 

Spark ignition, also known as reciprocating, engines operate on fuels such as natural gas, 

propane, diesel or waste gases from industrial processes (engines using landfill gas and sewage- 

sludge digestion are referenced in  Section 4.1.6). A 5 MW natural gas engine has beeii included in 

this analysis. While the technology is well proven as a ineaiis of backup power, i t  lias not 

developed into a mature generation technology for base-load operation 

8 



4 2, 2 Simple Cjicle Coriihirrtior7 Tirrhir7e 

Siiuple Cycle Combustion Turbines (SCCTs) generate power by compressing ambient air 

and then heating tlie pressurized air by injecting and burning natural gas or oil, and forcing tlie 

heated gases to expand througli a turbine. The turbine drives the air compressor and electrical 

generator, 

SCCTs are commonly used to supply peaking capacity and are conimercially proven with 

ltey features such as low capital cost, short design and installation schedules, and the availability 

of various unit sizes. Additionally, SCCTs have positive attributes of rapid startup and tlie 

modularity for ease of maintenance, These features, combined with operation over a low range of 

capacity factors, tend to offset tlie primaiy drawback of SCCTs, the high price relative to coal of 

oil or natural gas, malting the SCCT an economical option for peaking duty but not for baseload or 

intermediate usage. The screening analysis includes three sizes of simple cycle combustion 

turbines (35,  76, and 155 MW at 88°F). 

4 2..3 Coritbiried Cycle Coriibzistior7 Twbiiie 

Combined Cycle Combustion Turbine (CCCT) plants consist of one or more combustion 

turbine unit(s), HRSGs, and a steam turbine generator., In  addition to tlie SCCT geiieratioii 

process, the hot exhaust gases from combustion turbines are passed through the HRSG to produce 

high-pressure steam which is then expanded through a steam turbine that turns an electric 

generator. The exhaust gas lieat recovery is cost effective for combustion turbines because tlie 

exhaust gas temperatures are very high 

CCCTs are generally chosen as baseload and intermediate generation providers due to their 

high efficiency, cost effective low emissions technology and relatively fast construction and 

startups beneficial to supplying base or intermediate load electric power. The ltey advantages of 
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the CCCTs, when compared with reciprocating engines and SCCTs, are lower NO, and carbon 

monoxide (CO) emissions, improved efficiency, and potentially greater operating flexibility if 

duct burners are used. Disadvantages are reduced plant reliability and increased maintenance, 

increased overall staffing requirements due to added plant complexity, and volatile natural gas 

prices. Five conventional CCCT configurations were evaluated in  this study ranging i n  capacity 

from 114 MW to 817 MW at 88°F including both a double CT (2x1) and a triple CT (3x1) 

configuration 

4 , 2  4 Nori-coriveri/iotic~l Coiiibirs/ioti Tzii-b;rie.s 

Three other advanced combustion turbine technologies (humid air turbine, Kalina Cycle, 

Clieng Cycle) are also included. These technologies are generally considered developmental, but 

offer significant potential for efficiency improvements over conventional technologies. 

Tlie Humid Air Turbine (HAT) utilizes moist air injected into the combustion chamber to 

generate electric power at a higlier efficiency than a coinparable combined cycle system. The 

Once-througli Boiler with Partial Steam Generation design integrates a sinall HRSG into the 

simple cycle evaporating only a portion of the boiler feedwater. Tlie steam is then separated i n  a 

steam/water separator where a mist eliminator provides steam with about 5 percent entrained 

droplets to moisturize high-pressure air from a compressor, Tlie air-steam mixture is superheated 

within tlie HRSG before being injected into the combustor. A portion of the unevaporated boiler 

feedwater is blowndown to maintain water quality and tlie remainder is cycled back through tlie 

HRSG, Tlie HAT reviewed herein is rated at 364 MW, 

Tlie Kalina Cycle combustion turbine involves injecting ammonia into tlie vapor side of 

tlie cycle resulting in higher efficiency compared to a conventional CCCT. The amnionia/water 

working fluid provides thermodynamic advantages based on non-isothermal boiling and 

I O  



condensing behavior of the dual conipoiieiit fluid, coupled with the ability to alter the aiinnonia 

concentration at various points in the cycle. This capability allows more effective lieat acquisition, 

regenerative lieat transfer, and lieat rejection. Tlie cycle is similar in  nature to the coinbiiied cycle 

process except exhaust gas froin the combustioii turbine enters a heat recovery vapor generator 

(I-IRVG) and the ammoniaiwater mixture from tlie distillation condensatioii subsystein (DCSS) is 

heated in the HRVG. A portion of the mixture is removed at ai1 intermediate point and is sent to a 

heat exchanger where i t  is heated with exhaust from the iiiterinediate-pressure vapor turbine Tlie 

moisture returns to tlie HRVG where i t  is mixed with the balance of flow, superheated, and 

expanded in tlie vapor turbine generator. Additional vapor enters the HRVG from tlie high- 

pressure vapor turbine where i t  is reheated and supplied to tlie inlet of tlie intermediate-pressure 

vapor turbine. Tlie vapor exhausts from tlie vapor turbine and condenses in the DCSS, The 

Kalina Cycle combustioii turbine contained in this analysis is rated at 260 MW. 

The Clieng cycle is characterized by the use of a gas turbine, which is capable of being 

injected with a large amount of superheated steam, A small HRSG which generates both saturated 

as well as superheated steam is typically added at the combustion turbine exhaust to supply this 

steam in a simple cycle application Superheated steam from the HRSG is injected into tlie 

combustion chamber and expanded through the turbine section producing increased electrical 

power. The Cheng cycle is most beneficial i n  a cogeneration plant where varying process steam 

and electrical power demands are typically experienced. As studied here, the Clieng cycle’s 

greatest advantage iii an electric power generatioil only mode, is tliat it increases power output and 

decreases lieat rate therefore driving efficiency up compared to a simple cycle uni t ,  The downside 

of the Cheng cycle is increased plant staffing due to the small HRSG and increased combustion 

turbine maintenance and increased demineralized water usage due to the injection of steam. The 

Cheng Cycle combustion turbine contained in this analysis is rated at 127 MW. 

1 1  



4 2 .5 n/licrotiirhirie.s 

Microturbines are similar in concept to the larger SCCTs used as conventional generation 

alternatives but typically offer output ranges from approximately 20 to 400 ItW, Current 

commercial systems are air cooled and are capable of producing power at approximately 21-33 

percent efficiency by employing a recuperator (air-to-air lieat exclianger) that transfers exhaust 

heat to the air flowing into the combustor, thereby reducing the aniouiit of fuel required., With a 

gaseous fuel source, microturbines can be placed anywhere with extreine ease and prompt 

installation due to their small size, similar to a refrigerator, and ability to burn various gaseous 

fuels, such as natural gas, propane and renewable gaseous fuels., Both baseload and peaking 

microturbines rated 30 ItW are considered i n  this evaluation., 

4..6,4 Fuel Cell 

Fuel cells electrochemically convert Iiydrogeii-rich fuel, typically natural gas, to direct 

current (DC) electricity. Fuel cell 

construction is inherently modular making it easy to size power plants tailored to the utility's load 

growth and the constraints of the plant site 

Iiiverters are required to convert the DC power to AC. 

Each cell consists of an anode, cathode, and an electrolyte. Fuel cells oxidize a fuel at the 

anode, which releases electrons into an electrical circuit. Simultaneously, water and heat are 

produced at either the anode or cathode depending on the electrolyte used. Fuel cells, unlike 

batteries, do not coiisume their electrodes with use, but only consume the fuel and oxygen (iii the 

air) supplied to them. Efficieiicies of fuel cells can reach up to 85 percent if the waste heat is 

recycled. 111 addition, fuel cells are also considered because of their environmeiital benefits as the 

only emissions from natural gas fuel cells are carbon dioxide and water. 
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There are six major fuel cell types in  development: alltaline, polymer electrolyte (also 

ltnown as proton exchange membrane), direct methanol, phosphoric acid, molten carbonate, and 

solid oxide., The most mature f x l  cell type is the phosphoric acid fuel cell (PAFC) however 

significant reductions in generation cost can be realized with molten carbonate fuel cells (MCFC) 

due to their iinproved efficiency. A 300 ItW MCFC with a 98 percent capacity factor was 

considered in this screening analysis. 

4.3 Rertovable Resorrrce Techrtologie.~ 

4.3.  I M/ir7tl Et7ergy 

Wind is converted to power via a rotating turbine and generator. Utility-scale wind 

systems generally consist of multiple wind turbines with capacity factors dependent on the wind 

profile in the area. Wind power is rated on a scale of Class 1 to Class 7, with Class 7 representing 

an area with substantial wind speeds. A general rule to produce wind energy economically is to 

place wind turbines in a Class 3 or greater region. Most of Kentucky has a wind power class 

rating of 2 or less, meaning poor wind energy characteristics for wind power generation Despite 

this limitation, a 50 MW wind unit was considered for this evaluation 

Solar energy conversion technologies capture the sun's energy and convert i t  to themial 

energy (solar thermal) or electrical energy (solar photovoltaic), which drives the device (turbine, 

generator, or heat engine) for electrical generation. The advantages of solar technologies include 

no fuel requirements, no emissions produced, high reliability, and low O&M cost. The main 

disadvantages of solar photovoltaic technologies are high capital cost, low production capacity, 

and large amounts of required land. 
1.3 



Solar tlieniial power systems concentrate sunlight with mirrors or lenses to achieve the 

high temperatures needed to heat the thermal fluid., Solar therinal technologies currently i n  use 

include the following: parabolic trough, parabolic dish, solar cliininey, and central receiver, 

Parabolic trough represents the vast majority of systems installed. 

Solar photovoltaic power generation differs from solar theinial technology because i t  

converts solar energy directly to DC electricity by the use of photovoltaic cells., These cells allow 

photons and electrons to interact with a semi-conductor material (usually silicon) Inverters are 

then required to convert the DC power to AC. 

According to research reported by Cummins & Barnard, the relatively low solar intensity 

levels experienced in Kentucky result i n  relatively low capacity factors for solar technologies,. 

Each of the five solar options was considered in  the evaluation with ratings ranging from 50 ItW to 

I00 MW and capacity factors between 18 and 65 percent 

4 .3,.3 Bioriioss 

Biomass refers to using plant-based fuels for energy production typically in a configuration 

similar to pulverized coal units Wood products are the primary biomass resource, however 

agricultural residues and yard wastes are also utilized. E.fficiencies of biomass plants are lower 

when coinpared to modern coal units due to lower heating values and higher moisture contents in 

the fuel. The most efficient options for electrical generation from biomass resources include units 

co-fired with coal, offsetting a portion of the fossil fuel consumption Biomass fuels present 

unique challenges when burned in any boiler as compared to coal due to higher moisture, chlorine, 

and volatile matter content, lower energy content, alkaline ash, and agglomeration of bed ash The 

biomass alternative included in  this evaluation is the 500 MW supercritical pulverized coal facility 
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as previously mentioned, co-fired with ten percent bioiiiass fuel by weight. Einissioiis controls are 

unchanged fioiii the coal-only configuration. 

4..3.4 G~‘o/Iiertiid 

Geothermal power plants use heat from tlie Earth’s crust extracted tlirougb deep wells to 

generate steam and drive turbine generators for tlie production of electricity. Geotheriiial power is 

limited to locations where geothermal pressure reserves are found. Most geothermal reserves can 

be found ii i  the western portion of the 1Jnited States, but virtually 110 geothermal resources exist iii 

Kentucky. There are tliree types of geothermal power conversion systems in  common use 

including dry steam, flash steam, and biliary cycle. Binary cycle plants, which utilize a turbine 

driven by fluid heated through a non-contact heat exchanger connected to the geothermal resource, 

could theoretically be implemented in ICentucky with very deep wells but this has not been 

proven. A 30 MW binary cycle unit is included in this study. 

4 .3  S Hydroelectric 

Hydroelectric power generation is a mature technology that is well understood. The costs 

and implementation schedules for these types of pro,jects, however, can vary significantly based 

upon site specifics,, The hydroelectric installation coilsidered here is a run-of-river based design 

sized for 30 MW of generation capacity at a Greenfield location. Additionally, expansion at 

LG&E.’s existing Ohio Falls Station was screened, and is covered separately under the sectioii 

titled “Otlrcr Tcclritulogics” 

15 



4 .3 6 J,J’cis/e lo Enerjg 

Waste-to-energy (WTE.) technologies can utilize a variety of waste types to produce 

electricity The economics associated with WTE. facilities are difficult to determine, as costs are 

dependent upon waste transportation, processing, and tipping fees for the particular site. Values 

contained within this analysis are representative of technologies at generic sites, 

Municipal Solid Waste 

Converting Municipal Solid Waste (MSW) to energy was developed as a means of 

reducing tlie quantity of municipal and agricultural solid wastes with the avoidance of disposal 

costs being tlte primary component of determining economic feasibility. llnprocessed refuse is 

fed to the reciprocating grate in tlte boiler where i t  is combusted i n  a waterwall furnace (mass 

bunting) only after limited processing of the refuse to remove non-combustible and large items. 

Other types of mass burning utilize refractory furnaces or rotary kiln furnaces, Sinaller units 

utilize two-stage burning for ltiglter efficiency via controlled-air furnaces L,arge MSW facilities 

process up to 3,000 tons of waste per day. The driving force for MSW projects is tlte collectioii of 

a tipping fee to accept MSW, which must be competitive with tlte costs of hauling waste to tlie 

nearest landfill. Mass burning of MSW is widely believed to be a low cost alternative to otlier 

solid fuels, but it is difficult to justify due to environineiital conceriis over pollutants, high capital 

costs, poor load following characteristics, and low efficiency A 7 MW unit with a 75 percent 

capacity factor requiring 300 to ,350 tons per day of waste was considered in this evaluation, 

Refuse-Derived Fuel 

Refuse-Derived Fuel (RDF) is an evolution of MSW teclinology in which waste is sorted 

and processed into fluff or pellets that would be purchased as a fuel source by the generating 

facility RDF is preferred in many refuse-to-energy applications due to its ability to be combusted 

with technologies traditionally used for coal, However, capital costs, unit size, capacity factors, 
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aiid eiivironniental concerns for RDF are similar to MSW characteristics, A 7 MW unit fueled by 

RDF with a capacity factor of 85 percent was also considered in the evaluation process. 

Landfill Gas 

L.andfil1 Gas (L.FG) is a valuable energy source that caii be utilized in several applications, 

including power production, and is considered to be a cominercial if not mature WTE. technology 

L.FG is produced by tlie decomposition of wastes stored in landfills where it is collected and piped 

from wells, filtered, and then compressed Although gas is produced when decomposition begins 

within a landfill, it may be several years before there is an adequate supply of gas to fuel an 

electric generator. Later, as tlie site ages, gas productioii (as well as tlie quality of tlie gas) declines 

to tlie point at which power generation is no longer economic. I n  the case of a typical well- 

engineered and well-operated landfill, gas may be produced for as many as 50 to 100 years, but 

electricity production may be economically feasible for only 10 to 15 years. Power can be 

generated via a combustion turbine, but internal combustion engines are most commonly used and, 

even then, such facilities are generally sized at less than 10 MWs. L.FG projects are typically co- 

located at the landfill to minimize gas collection, interconnection, and transmission costs. This 

evaluation considers a 5 MW unit with a capacity factor of 90 percent. 

Sewage Sludge & Anaerobic Digestion 

Bio-methane fueled generators from the digestion of sewage sludge or livestock manure is 

very similar to landfill gas energy projects with respect to the quality of fuel fired aiid the 

generation equipment required. For these projects, the installation of an anaerobic digester is 

typically utilized in  which sludge waste is digested by bacteria and the resultant methane gas 

produced froiii tlie process is collected, cleaned, and forwarded to a power generation system. 

This technology is generally viewed as a “green” technology due to tlie fact that i t  prevents tlie 

release of greenhouse gases (primarily methane) to the environment and, like other WTE prqjects, 
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can offset tlie utilization of other fossil fuels for power generation 

percent capacity factor was considered i n  this analysis. 

Tirc-Derived Fuel 

An 85 ItW unit with a 90 

Tire-Derived Fuels (TDFs) consisting of chipped tires with the steel belts removed are 

attractive due to tlie high heating value, low ash and sulfur content, and low fuel cost. Tlie co- 

firing of up to I0 percent by weight of TDF in a fluidized bed boiler can be considered a 

commercial technology as there is no significant cllange in tlie technology for a dedicated coal unit  

liowever there is very limited sticcess with mass firing of TDF. While TDF offers a fuel heating 

value equivalent to or better than coal, the general lack of availability of TDF is a drawback. The 

TDF alteiiiative included i n  this evaluation is a 10 percent TDF co-fired fluidized bed system and 

is rated at 50 MW with capacity factor of 92 percent. 

4.4 Energy Storage TecIiiioIogie.~ 

Energy storage systems are utilized for supplying energy during peak load periods. Tlie 

energy storage devices must be charged or recharged by equipment utilizing electricity generated 

by another source. As such, cliarging is typically acconiplished during periods of low demand by 

electricity with low generatioil costs. Alternatively, recharging energy can be sourced from 

renewable energy sources that are intermittent in nature, such as wind or solar. I t  is assumed that 

tlie energy storage options considered in this analysis are charged using power generated from the 

Companies’ coal units In return, the energy storage system can be dispatched at times of high 

demand and/or high generation cost. E.nergy storage technologies typically have very fast startup 

times, thus malting them an ideal source for instant dispatchable power. 
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4 4 I Piiniped H&o E17ei.g Stor-nge 

Pumped Hydro Energy Storage (PHES) is the oldest and most prevalent of the central 

station energy storage options and requires a setup similar to conventional hydroelectric fiicilities 

Conventional PHES plants typically use an upper and lower reservoir. Off-peak electrical energy 

is used to pump water from the lower reservoir to upper i-eseivoir. When the energy is required 

during peak hours, the water in tlie upper reservoir is converted to electricity as tlie water flows 

through a turbine to tlie lower reservoir. Increasingly restrictive environmental regulations and 

established uses of tlie river systems in proximity to tlie Companies may fiirtlier hamper 

consideration of this alternative. Finally, high capital costs and extended lead times are significant 

disadvantages that must be accounted for wheii considering this alternative. 

A 500 MW PHE.S unit assumed to recover 80 percent of the energy input is considered in 

this screening analysis. Pumped hydro is considered a viable optioii to serve intermediate load 

levels but tlie low capacity factor (20 percent in this evaluation) makes it difficult for this 

tecliiiology to compete with other peaking technologies. 

4 4 , 2  Lend-Acid Bntter), Stornge 

With a Lead-Acid Battery Storage (LABS) unit ,  off-peak energy is used to charge a battery 

for use during peak periods. A battery energy storage system coiisists of tlie battery, DC 

switchgear, AC/DC converter/charger, transformer, AC switchgear, and a building to house the 

components. During peak power demand periods, tlie battery system can discharge power to the 

utility system for approximately 4 to 5 hours and then recharge during lion-peak hours. The 

overall efficiency of a L.ABS system is approximately 71 percent from charge to discharge. In 

addition to high initial cost, a battery system will require replacement every 4 to IOyears, 

depending upon duty cycle The L,ABS unit included iii this analysis is rated at 5 MW and lias a 
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capacity factoi of 20 peicent and is assumed to iecover 87 percent of the energy input 

4.4 3 Coii7pimsetl Air. Eiieixy Stornge 

Compressed Air E.iiergy Storage (CAES) uses an electric motor-driven compressor to 

pressurize an underground cavern or reservoir with air during off-peak periods typically with 

power supplied by low cost base-loaded units. During peak periods, the compressed air is heated 

and passed through a gas turbine expander to produce electrical power at an attractive heat rate 

ranging from 4,000 to 5,000 BtuiltWIi CAES facilities provide more electrical power to tlie grid 

than is utilized during caveiii charging mode because of fuel that is supplied to the system during 

tlie energy generation mode., The necessary geology occurs across nearly 75 percent of tlie United 

States however the technology lacks the maturity of the other energy storage options due to the 

limited number of installations in operation A 500 MW CAE.S unit with a 25 percent capacity 

factor was used in tliis evaluation., 

4.5 OiIier Teclirtologie,s 

4 . 3  I Ohio Folk Expiisiioii  

Expansion of the Ohio Falls Station by the addition of Units 9 and 10 into existing empty 

bays was included as an option in the screening analysis. This expansion included two 209.2” 

diameter propeller units housed in an extension of tlie existing powerhouse., These units would 

rotate at 149 rpni and have a maximum turbine output of 16 8 MW (summer rating o f 5  MW and 

dependent on river flow) each. Based upon historical river flow, expected energy from the 

expansion units would be approximately 74 GWH annually. Therefore, the niaxiinum capacity 

factor would be 25 percent., The estiiiiated capital cost for Units 9 and 10 is $95 million 

combined. The Ohio Falls Station is considered a run-of-the-river facility where nature and the 
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Army Corps of Engineers control the river flow. Therefore, the energy production of the facility 

can vaiy significantly and niay not be available at the time of the Coinpanies’ peak needs, 

Cost/perfonnance data for tlie Ohio Falls Units 9 and I O  option are based on an escalation 

(6 percent aiiiitially) of the cost evaluation supplied to the Companies by Devine Tarbell & 

Associates for a separate hydro project that was studied in  2006. Since this estimate was not site- 

specific to the Ohio Falls station, i t  does not consider environmental or other issties that niay exist 

regarding the installation of Ohio Falls 9 and IO.  

5. ANALYSIS OVERVIEW 

The Companies screening analysis consists of 56 generation alternatives developed 

primarily by Cuinniins & Bariiard The screening process involves utilizing specific unit 

operating data such as unit ratings, heat rate, operation and niaiiiteiiance expenses, and capacity 

factors to estimate lifetime costs associated with owning and operating each technology type and 

size. 

The base analysis includes tlie relevant fuel costs as well as the costs of SO1 and NO, 

emissions The specific fiiels utilized by each technology evaluated in this analysis are identified 

in  Exhibit I .  Coal units are evaluated as utilizing either 100 percent Eastern bituminous high- 

sulfur coal or a blend of 78 percent Eastern Bituminous coal with 22 percent Powder River Basin 

coal., The costs for natural gas units include a firm gas charge of $0.363 per nimBtu of gas to 

guarantee tlie availability of the fuel supply for these units This charge is applied either as a peak 

or baseload charge, depending on the type of unit. 

I n  addition, emissions cost adders are included to account for regulations limiting tlie 

emission of SO? and NO, from certain generating facilities, The emissions adders are calculated 
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by year by multiplying the forecasted marltet emissions allowance price by tlie emissions rate. 

Cuminins & Barnard provided tlie expected SO? and NO, emissions rates, as sliown in  E.xhibit 

2(a), for all applicable technologies assuming the appropriate emissions controls. Tlie emissions 

allowaiice price forecasts used i n  this analysis are based on the April 2007 foiward price curves 

tlirougli 2009 for NO, and tlirougli 2010 for SO?. For tlie years tliereafter, the prices are based on 

forecasts from Hill & Associates Tlie emissions allowance price forecasts are shown i n  Exhibit 

2(b) 

Also included iii tlie analysis are tax credits for specific types of generation projects, For 

renewable energy prqjects, a federal production tax credit is included in the amount of two cents 

per ItWli for wind, geothermal, and biomass prqjects and one cent per ItWh for MSW, RDF, TDF, 

LFG, sewage sludge, and hydropower projects. A state income tax credit was also iiicluded for 

these options as well as tlie solar options. I n  addition, tlie Kentucky Clean Coal Tax Credit of $2 

per ton is included for all technologies utilizing Eastern Bituminous coal. 

Sensitivities are utilized to provide valuable infomiation on how each technology will 

perform under various operating conditions. Some of the sensitivities contained in this analysis 

are based on variations in capital cost, teclinology operating efficiency (measured by heat rate), 

and fuel cost., Each of tlie previously mentioned sensitivities has three possible scenarios: base, 

low, and high, which results in 27 sensitivity combinations. Tlie base case analysis excludes costs 

associated with CO? emissions. Since CO? emissions regulations are a possibility in  the future, 

scenarios which considers COl emissions costs are included in this analysis as alternatives to the 

base case., 

An analysis comparing total levelized costs for all technologies as a function of capacity 

factor was also performed, This additional level of analytical scrutiny results in 891 ( i , e ,  27 cases 

x I I capacity factor ranges x 3 least cost options = 891) “opportunities” for each teclinology to be 
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identified as one of tlie three least cost options Total costs are evaluated over a 30-year planning 

period iii all possible case combinations 

Descriptions of tile sensitivity analysis, resulting scenarios evaluated, screening analysis, 

and the levelized analysis are included i n  the following sections TIE final portiori of this 

evaluation includes a presentatioii of tlie lowest cost, most workable technologies to be considered 

further i n  tlie detailed analysis. 

6. SENSITIVITY ANALYSIS 

Variances between original cost estimates and actual cost estimates are possible These 

differences result from technology ratings (conventional or lion-conventional). Conventional 

teclinology estimates are expected to be more “on target’’ as compared with non-conventional 

alternatives where costs are more dynamic due to the immature nature of their technology and 

uncertainties associated with less frequent utilization and installation. A sensitivity analysis tliat 

addresses several variables with potential to cliange tlie perceived benefits of each teclinology has 

been incorporated into tlie screening process., Sensitivities present witliin the analysis do not 

include all possible relevant variables; however, tlie included pennutations do provide pertinent 

informatioii about how a technology performs under several combinations of economic and 

operating conditions., The variables identified for sensitivity analysis in the screening study are 

capital cost, teclinology operating efficiency (measured by heat rate), fuel cost, and tlie addition of 

costs associated with controlling COz emissions. Two cases in addition to tlie base case were 

analyzed iii the screening analysis to evaluate the impact of COz emissions legislation. These 

cases, as discussed below, demonstrate the impact of assumed iiitemiediate and high COz 

emissions allowance costs. 
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Tlie sensitivity cases evaluate potential additional cost of COz emissions in addition to 

costs associated with SO? and NO, emissions. Rising concentrations of greenhouse gases may be 

responsible for undesirable climate changes, and several bills to restrict CO2 emissions liave been 

proposed however, the magnitude of tlie proposed legislation varies significantly. Tlie estimated 

cost of COz emission allowances beginning i n  2012 is expected to be i n  tlie range of $5 to $40 per 

ton of COz emitted. As with SO2 and NO,, Cummins & Barnard provided the expected CO: 

emissions rates for all applicable technologies The annual CO? emissions costs are calculated as 

tlie product tlie annual CO2 emissions volumes and tlie forecasted emissions allowance prices at 

both the intermediate and high price levels, resulting i n  two separate CO? sensitivity cases. 

6.1 Capital Cost 

Based on research and experience by Cummins & Barnard, high and low boundaries for 

capital costs were provided for each technology, expressed as a percentage to be added or 

subtracted from the base capital cost to account for cost uncertainty. Generally, the more 

conventional or commercially mature technologies have a narrower capital cost range compared to 

more developmental or site-dependent technologies which generally have a wider range. These 

capital cost ranges were used to assign high and low capital cost scenarios for each technology., 

6.2 Teclrtrology Operatitrg Efficicticy 

Tlie second sensitivity performed in  tlie screening analysis involved the heat rate 

associated with each technology, referred to by Cummins & Barnard as tlie base lieat rate 

Decreasing (or increasing) the base heat rate represents a better (or worse) than expected 

efficiency of the operating facility over that expected during tlie design phase. A k 5 percent 
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adjustment to the heat rate, specified for all technologies included within this analysis, was 

utilized where applicable 

6 . 3  Firel Co,st 

The tliird sensitivity conducted in tlie screening analysis considers tlie cost of fuel 

consunled by each technology, Tlie Companies develop 30-year base fuel forecasts for all fuels 

tbat arc to be used at existing plants. Sensitivity fuel forecasts are tlien developed depicting high 

and low fuel cost scenarios. These fuel forecasts are used for tlie technologies that utilize coal and 

natural gas. For tlie other technologies, tlie fuel costs are estimated based on research or data 

provided by Cummins and Barnard. The fuel costs utilized for each technology screened for tlie 

base and sensitivity fuel forecasts and are sliowii in Exhibit 3., 

6.4 CO? E~~iiss iori .~ 

Two alternatives to the base case were evaluated regarding the impact of CO, emissions. 

Starting in 2012, both intermediate and Iiigh CO, emissions allowance costs were added to tlie fuel 

costs of each technology affected by potential CO, legislation in a similar manner to that for SO, 

and NO, The COz allowaiice prices utilized in these scenarios are based on proposed legislation 

and are shown i n  E.xliibit 2(b). 

7. RESULTING SCENARIOS 

Tlie sensitivity analysis would not be as inclusive if all combinations of sensitivity 

variables were not analyzed. In other words, because there are three variables for which a 

sensitivity analysis is being performed (capital cost, heat rate, fuel cost) and each variable has 
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three possible values (base, low or high), 27 total combinations of sensitivity cases iiiust be 

evaluated. Two additional analyses were performed utilizing tlie intermediate and high COz cost 

adders as discussed above., These analyses each produced an additional 27 combination of cases 

to be evaluated. 

E.xhibit 2(a) shows the cost (capital, fixed O&M, and variable O&M) and base heat rate 

information associated with each of tlie previously described technologies operating at 88°F. All 

technologies evaluated in this analysis are shown in this exhibit. 

8. SCREENING ANALYSIS 

Tlie least-cost operation of the technologies presented i i i  this study occurs over 

significantly different capacity factors. Therefore, an analysis that compares the total cost for each 

teclinology as a function of capacity factor is required. As previously discussed, the cost data for 

all technologies in this analysis originate fiom Cummins & Barnard or were derived based 011 

information and/or cost estimates received by tlie Companies. All technologies listed iii Exhibit 

2(a), regardless of viability or technical maturity, were evaluated over a 30-year planning period in  

all 27 cases for both tlie base case analysis and the alternative analyses with COz impact. 

Several technologies were limited to maximum capacity factors based on design 

characteristics of tlie option and their applicatioii to tlie Companies' service territory. Tlie pumped 

hydro energy storage, battery energy storage, and compressed air energy storage options were 

limited to 20 to 25 percent capacity factors based on design characteristics of tlie technologies 

supplied by Cuniniins & Barnard. 

I n  general, conditions in Kentucky are not conducive to use solar power generation This 

is reflected in tlie low capacity factors associated with these technologies wliicli ranged from 18 to 
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65 percent. Tlie five solar technologies (thermal) are expected to perfoini fiom 20 percent 

capacity factor for photovoltaic up to 70 percent capacity factor for a solar chimney. For solar 

power, most of the installations have beeii in tile western part of tlie United States where solar 

radiation levels enable economic installation, For the Midwest, solar radiation levels are not ideal 

foi solar technology. Wind energy was limited to a 30 percent capacity factor due to the generally 

low wind speeds that are prevalent in Kentucky, with the exception of a small area i n  eastern 

Kentucky. 

Tlie two hydro options, one supplied by Cummins & Barnard as part of tlie supply side 

screening alternatives, and expaiision of the Ohio Falls Station were limited to 40 percent and 30 

percent capacity factors, respectively. These limitations were based oii the projected energy 

received from these run-of-the river projects., 

Due to limitations in fiiel supply, tlie MSD, RDF, L.FG, and sewage sludge optioiis were 

limited to capacity factors between 75 and 90 percent. The IGCC units were limited to 85 percent 

due to expected outage issues. The peaking microturbine is limited to a 15 percent capacity factor 

as i t  would run only during peak periods, 

9. LEVELIZED SCREENING METHODOLOGY AND 

RESULTS 

9.1 Base Analysi,~ 

A 30-year levelized cost methodology was utilized in  the base analysis An aiiiiual total 

cost comprised of capital, fixed O&M, variable 0&M, fuel and other costs, is determined for each 

technology over a range of capacity factors from 0-100 percent in 10 percent increments, For each 

technology, levelized costs in WkW at varying capacity factors were compared and least-cost 
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technologies at each capacity factor increinent were determined, L.evelization allows for the cost 

of each technology to be compared over tlie 30-year life of each prqject with different escalation 

rates and forecasts for the various cost components. A non-levelized analysis considers costs of 

owning and operating generating units for only a single year. Exhibits 4 and 5 include relevant 

inforiiiation, which when utilized in  conjunctioii with Exhibits 2 and 3, allow replication of tlie 

results presented here. Exhibit 4 provides a complete source of equations used iii tlie levelization 

process. Exhibit 5 provides miscellaneous inforiiiation referred to within the equations of E.xliibit 

4 in  addition to tlie Adjusted .30-year L.evelizatioii Factor (Adj. L.N) for tlie cost components that 

are escalated at constant rates such as O&M, capital, and energy storage charging costs. 

Adjusted L,NS for tlie sum of fuel costs and emissions allowance costs can be determined in  a 

siiiiilar manner. 

llsing tlie equations of Exliibit 4 and data contained within Exhibits 2(a)-2(b), Exhibit 3 ,  

and Exhibit 5 ,  tlie total .30-year levelized cost ($/ltW-yr in  2007 dollars) of each technology was 

calculated for each capacity factor increment, The results of this process are shown in pages 1 

through 27 of E.xliibit 6. Least-cost technologies over all ranges of capacity factors have been 

identified at tlie bottom of each case exhibit and are sliaded in  the tables., Technology capacity 

factors shown in pages 1 through 27 of E.xliibit 6 were limited to the maximum allowed by the 

technology and/or environiiient iii which they operate as previously discussed. For easy reference, 

technologies that have been identified as least cost over any range of capacity factors in  at least 

one of tlie 27 cases have been suniinarized i n  Table 2. 
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Table 2 
Least-Costly Technologies 

In At-Least One Sensitivity Case 

Supercritical Pulverized Coal IJiiit, High Sulfur - 750 MW 
3x1 GE. 7FB Combined Cycle Coiiibustioii Turbine 
Geothermal 
Kalina Cycle Coinbiiied Cycle Combustion Turbine 
Wind E.iiergy Conversion 
GE. 7FA CT Simple Cycle Coiiibustioii Turbine 

Exhibit 7 is a graphical representation of the technologies of these six options with base 

emissions, which appear as a least-cost generation alternative. The intersection of the lines with 

the vertical axis represents the fixed costs (carrying charges and fixed O&M) associated with the 

technology. The slope of the line is a function of tlie variable costs (fuel and variable O&M) 

Identifying not only tlie least cost technologies, but also the second least cost and even the 

third least cost fiirther enhances the results of this analysis First, second, and third least-cost 

technology identification is justified by the fact that the $/lcW-yr difference between them may be 

minimal over any increment of capacity factors. The second and third least-cost technologies for 

at least one capacity factor increiiient iii any of the 27 cases are summarized in Table 3 

Table 3 
Second and Third Least-Costly Technologies 

In At-Least One Sensitivity Case 

Supercritical Pulverized Coal Unit, High Sulfur - 750 MW 
Supercritical Pulverized Coal Unit - 750 MW 
3x1 GE 7FB Combined Cycle Combustioii Turbine 
2x1 GE 7FA Combined Cycle Combustion Turbine 
Geothermal 
Subcritical Pulverized Coal Unit, High Sulfur - 500 MW 
Kalina Cycle Combined Cycle Combustion Turbine 
Wind Energy Conversion 
Ohio Falls 9 & 10 
Siemens 5000F Combined Cycle Combustion Turbine 
Pumped Hydro Energy Storage 
Subcritical Pulverized Coal Unit - 500 MW 
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Tlie 12 diffemit technology types and sizes specified between Tables 3 and 4 are those, at 

first glance, that appear to deserve consideration i n  detailed computer models, However, this list 

must be examined furtlier before selecting technologies to pass onto tlie detailed analysis. As 

previously stated, there are 891 “opportunities” for eacli teclinology to be identified as one of the 

first three least cost options Table 4, identifies how inany occurrences a technology appeared as 

either first, second, or tliird least cost options over any capacity factor range, All technologies not 

identified within Table 4 failed to appear as one of tlie top three least-cost options in any of the 

cases identified, 

Table 4 
Tile Frequency of Occurrence of Each 

Technology ns First, Second or Third Least Cost 

# Occurrences 
1st 2nd 3rd Total 
I l l  51 14 176 
- - - -  
0 102 58 I60 

68 49 11  128 
0 .34 66 100 
50 7 18 75 
0 0 65 65 
1 26 24 51 

40 5 2 47 
27 0 0 27 
0 14 6 20 
0 0 16 16 
0 9 6  15 
0 0 I 1  I 1  

Teclinoloev Name 
Supercritical Pulverized Coal, High Sulfur - 750 MW 
Supercritical Pulverized Coal - 750 MW 
Combined Cycle 3x1 GE 7FB CT - Intermediate Load 
Combined Cycle 2x1 GE 7FA CT - Interniediate Load 
Geothermal - 30 MW 
Subcritical Pulverized Coal, High Sulfui - 500 MW 
Kalina Cycle CC CT - 282 M W 
Wind Energy Conversion - 50 MW 
Simple Cycle GE 7FA CT - Pealtiiig Capacity 
Ohio Falls 9-10 
Siemens 5000F CC CT - Iiitermediate L.oad 
Pumped Hydro Energy Storage - 500 MW 
Subcritical Pulverized Coal - 500 MW 

Table 4 shows that tlie 750 MW Supercritical Pulverized Coal, High Sulfur unit was 

selected 176 times as the first, second, or tliird least-cost technology while tlie Pumped Hydro 

Energy Storage was selected only fifteen times. Table 4 provides a good starting point for further 

reducing tlie list of technologies identified in  Tables .2 and .3 

A review of Table 4 reveals that four different coal-fired technologies have been identified 

among the 1 1  least cost technologies. They are a 750 MW supercritical Iiigli-sulfur pulverized 
30 



coal unit, a 750 M W  supercritical pulverized coal unit, a 500 MW subcritical liigli-sulfur 

pulverized coal unit, and a 500 MW subcritical pulverized coal unit. Of these, only the 750 MW 

high sulfur uni t  ranlts first among least cost generation alternatives i n  any of tlie seiisitivity 

scenarios and therefore, i t  is the only coal unit  recommended for further analysis 

The GE 7FA siinple cycle combustion turbines will be considered for further optimization 

analysis as i t  is the only siniply cycle configuration among tlie least cost alternatives I n  addition, 

both tlie 3x1 and 2x1 GE 7F combined cycle combustion turbine configurations are considered for 

further optimization analysis. However, the Sierneiis 5000F option is eliminated as a redundant 

and lower raiilcing option as i t  only ranlts third a total of 16 times, As stated previously in  this 

report, tlie Kalina Cycle CCCT is only i n  developmental stages and is not coniinercially available 

Therefore, even though i t  shows up among the least cost generation alternatives, this option is not 

evaluated fiirtlier. 

Although it was not tlie least-cost technology in any of the sensitivity cases, the expansion 

of tlie Ohio Falls liydroelectric station is included for further evaluation. And, while the wind 

profile for most of Kentucky is not suitable for power generation, the wind energy conversion 

option is included for further evaluation for potential opportuiiities as another “green” alternative. 

However, both the geotherinal and the pumped hydro energy storage options are eliminated as 

tliere are no suitable resources in Kentucky for these options to be developed into a power 

generation project. 

9.2 A l i c ~ t ~ n i i l ~ ~  AIIU~J’WF lviih COz I I I I / I ~ C ~  

As previously described, two separate analyses were performed to evaluate the impact of 

CO? legislation on tlie outcome of the scieening analysis The same sensitivities (variability of 

capital cost, heat late, and fuel cost) were performed in  these analyses as were performed i n  tlie 
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base case analysis which excluded any costs for CO? emissions. After iiiiplementiiig COL 

allowance prices at intermediate and high levels as shown in E.xhibit 2(b), the least-cost 

technologies in at least one sensitivity case over any capacity factor range were determined just as 

i n  the analysis previously presented. 

As mentioned for the base analysis with only NO, aiid SO2 emissions, by using the 

equations of Exhibit 4 and data contained witliin Exhibits 2(a)-2(b), Exhibit .3, and Exhibit 5 [with 

the addition of CO? adders applied siniilarly to that of NO, and SOL], the total 30-year levelized 

cost ($/ltW-yr in 2007 dollars) of each technology was calculated for each capacity factor 

iiicrement with both the intermediate aiid high COz price forecasts The results of this process are 

similar to that of the base case using the high price forecast aiid the results using the high CO? 

price forecast are shown in  pages 1 through 27 of Exhibit 8. Least-cost technologies over all 

ranges of capacity factors have been identified at the bottom of each case exhibit aiid are shaded in  

the tables. Technology capacity factors shown in pages I tlirougli 27 of E.xliibit 8 were limited to 

the maximum allowed by the technology and/or environment in  which they operate as specified by 

the data sources. For reference, these technologies are listed in Table 5.  
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Base Case 
No CO, 
4 
4 
4 
4 
4 
4 

3.3 

COz EA Prices 
Iritermedintr HiRh Technology 

4 4 Supercritical Pulverized Coal, High Sulfur - 750 MW 
4 Combined Cycle 3x1 GE 7FB CT - Intermediate Load 
4 4 Geothermal - 30 MW 
4 71 Kalina Cycle CC CT - 282 MW 
4 4 Wind Energy Conversion - 50 MW 
4 4 Siniplc Cycle GE 7FA CT - Peaking Capacity 

4 I-lydroelectric - New 

4 

4 Pumped Hydro Energy Storage - 500 MW 



Table 6 
Second and Third Least-Costly Teclinologies 

In  At-Least One Sensitivity Case 

Base Case CO? EA Prices 
No CO2 Ir7fermdiate High 
4 4 4 
4 4 4 
4 4 4 
4 4 4 

4 4 4 
4 .i 4 
4 4 4 
4 4 4 
4 4 4 

4 4 4 
4 

.i .i 4 

4 4 4 

Technology 
Supercritical Pulverized Coal, High Sulfur - 750 MW 
Supercritical Pulverized Coal - 750 MW 
Combined Cycle 3x1 GE 7FB CT - liitennediate Load 
Combined Cycle 2x1 GE 7FA CT - Iiiterniediate Load 

Subcritical Pulverized Coal, High Sulfur - 500 MW 
Kalina Cycle CC CT - 282 MW 
Wind Enei-gy Conversion - 50 MW 
Ohio Falls 9- 10 
Sieniens 5000F CC CT - Inteiniediate Load 
Puniped Hydro Energy Storage - 500 M W 
Subcritical Pulverized Coal - 500 MW 

Geothermal - 30 MW 

Hydroelectric - New 

Table 7 identifies how many times a technology appeared as either the first, second or third 

least-cost option over any capacity factor range and with intermediate CO? emissions allowance 

prices. Including the intermediate CO? allowance price forecast has virtually no impact as 

coinpared to the base case, with the exception of slight changes to the order and number of 

occurrences., 
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- 1st 
80 
0 

66 
0 
76 
7 
0 

41 
27 
0 
0 
0 
0 

Table 7 
The Frequency of Occurrence of Each 

Technology as First, Second or Third Least Cost 
With Intermediate COz Prices 

# Occurrences 
2nd 
79 
71 
51 
32 
7 

27 
0 
4 
0 
15 
1 1  
0 
0 

15 
85 
15 
66 
1 1  
17 
48 
- 7 

0 
9 
7 
15 
7 

3rd Total Technolow Name -- 
174 Supeiciitical Pulverizcd Coal, High Sulfui - 750 MW 
156 Supercritical Pulverized Coal - 750 MW 
132 Combined Cycle 3x1 GE 7FB CT - Intermediate L.oad 
98 Combined Cycle 2x1 GE 7FA CT - Intermediate L.oad 
94 Geothermal - .30 MW 
5 I Kalina Cycle CC CT - 282 MW 
48 Subcritical Pulverized Coal, High Sulfur - 500 MW 
47 Wind Energy Conversion - 50 MW 
27 Simple Cycle GE 7FA CT - Pealciiig Capacity 
24 Oliio Falls 9-10 
18 Pumped Hydro Energy Storage - 500 MW 
15 Siemens 5000F CC CT - Intermediate Load 
7 Subcritical Pulverized Coal - 500 MW 

Table 8 below identifies how many times a technology appeared as either the first, second 

or third least-cost option over any capacity factor range and with high COz emissions allowance 

prices, Including the high CO? allowance price forecast Itas only a minor impact as compared to 

tile base case. I n  addition to further inconsequential changes to the order and number of 

occurrences, the geothermal option ranlcs as least cost significantly more and new hydroelectric is 

included, as previously mentioned, Given the scarcity of available resources for these options, 

they remain excluded from further analysis. 
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Table 8 
The Frequency of Occurrence of Each 

Technology as First, Second or Third Least Cost 
With High COz Prices 

# Occurrences 
1st 2nd 3rd Total Technology Name 
39 108 13 160 Supei-critical Pulverized Coal, High Sulfur - 750 MW 
0 15 109 144 Supercritical Pulverized Coal - 750 MW 

58 53 24 1.35 Combined Cycle 3x1 GE 7FB CT - Intermediate Load 
I I6 6 I0 132 Geothermal-.30 MW 
0 25 71 96 Combined Cycle 2x1 GE. 7FA CT - Intermediate Load 
1 I 31 I 1  51 Kaliiia Cycle CC CT - 282 MW 
4.3 6 1 50 Wind Energy Conversion - 50 MW 
0 19 10 29 Ohio Falls9-10 

27 0 0 27 Simple Cycle GE. 7FA CT - Pealcing Capacity 
1 1.3 1 I 25 Pumped Hydro Energy Storage - 500 MW 
0 0 17 17 Subcritical Pulverized Coal, High Sulfur - 500 MW 
0 0 14 14 Siemens 5000F CC CT - Intermediate Load 
2 1 3 6 Hydroelectric - New - 30 MW 
0 0 3 3 Subcritical Pulverized Coal - 500 MW 

- 

hi general, the least cost technologies are coiisisteiit regardless of whether CO, emissions 

are not limited (as with the base case) or whether COz emissions allowances prices are forecast at 

the intermediate or high level, The 750 MW Supercritical Pulverized Coal, Iligli Sulfur is tlie 

lowest cost technology alternative with tile highest ranking in all cases, confirming its selection as 

the coal option to be further analyzed. The only additioiial technology ranlting third or better in 

any scenario as compared to the base case is the iiiclusion of new hydroelectric with tlie high CO? 

allowance price case., As previously mentioned, there is a scarcity of available hydro resources in 

Kentucky so this technology is excluded from further analysis. 

10. RECOMMENDATIONS 

Based on the various analyses discussed above, the technologies listed in Table 9 are 

recommended for further analysis in the optimization studies using Strategist@, a detailed 
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modeling program. The teclmologies identified will provide a diverse set of' alternatives to be 

evaluated i n  production and capital costing computer models. Exllibit 9 is a graphical 

representation of the least-cost technologies, which will be further evaluated in the Strategist@ 

optimization software modeling 

Table 9 
Technologies Suggested for Analysis 

Within Strategist@ 

Supcrci itical Pulvcrized Coal Unit, Migli-Sulfitr, 750 M W  
3x1 GE 7FB Coinbincd Cycle Coinbustioil Turbine 
2x1 GE, 7FA Coinbincd Cyclc Combustion Turbine 
Wind Energy Convcrsioii 
GE. 7FA CT Simple Cyclc Coinbuslion Turbinc 
Ohio Falls 9-10 Hydro Units 
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Appendix A 



Exhibit 1 

Technologies Screened 

Tech. ID Technology Description Categoly Sub-category Fuel Type 
1 Pumped Hydro Energy Slora~e. 500 MW SlW8W Pumped Hvdm 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
200 

a 

3a 

Load Acid Balmy Encigy Sloiagc .5 MW 
Compre~scd Air Enorgy Slorage - 500 MW 
Simplo Cyclc GE LM6000 CT . Pcsking Capacity 
Simnle Cvclc GE 7EA CT . Pcakino Ca~acilv - .  . 
Simble C i d c  GE 7FA CT - Poahing Capacity 
Combined Cycle GE 7EA CT . lolcrmediale Load 
Combined Cyclc GE 7fA CJ . ldcrmedialc Load 
Combinsd Cycle 2x1 GE 7FA CT . Inleimcdialo Load 
Combined Cyclc 3x1 GE 7FB CT . lnlermcdiaic Load 
Sicmens 5000F CC CT . Inlcrmcdtalc Load 
Humid Air Tuttina Cycle CT .366 MW 
Kalina Cycle CC CT - 262 MW 
Cheng Cycla CT .140 MW 
Peaking Microlurbinc . O  03 MW 
Barcload Microlurbinc - 0 03 MW 
Subcrilical Pulvcrirod Coal - 250 MW 
Subcrilical Pulveriiod Coal . 500 MW 
S~bmlical Puivonzcd Coal, High Sulfui .500 MW 
Circulaang Fluidized Bed. 250 MW 
Circulating Fluidized Bad . 500 MW 
Supcruilical Pulverized Coal - 500 MW 
Supercrilical Pulvrrized Coal High Sulfur - 500 MW 
Supercritical PuIverizcd Coal - 750 MW 
Supcrciilical Pulverized Coal High Suilur. 750 MW 
Pressurized FlUidizad Bed COmbUSlion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 
subcrilical Pulvcrizcd Coal - 500 MW . CCS 
Subuilical Pulverized Col?l. High Sulfur. 500 MW - CCS 
Circulating Fluidiiod Bed. 500 MW - CCS 
Supercrilical PUIvermd Coal - 500 MW. CCS 
Supcicrilical Pulverized Coal. i-high Sullur .500 MW - CCS 
Supcrciilical Pulverized Coal .750 MW - CCS 
Supcrciilical Pulverized Coal High Sultui .750 MW . CCS 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC. High Sulfur. CCS 
Wind Energy conversion. 50 MW 
Ge~lhcimal .30 MW 
Solar PholoVollaiC~ 50 kW 
Solar Thermal Parabolic Trough - 100 MW 
Solar Thermal Paiabolic Dish. 1 2 MW 
Solar Thermal Ccnlral Receiver - 50 MW 
SolarThcmal SaiarChimney- 50MW 
MSW Mass Bum .7 MW 
RDF Slokar-Fired .7 MW 
Landlill Gas IC Engine. 5 MW 
TDF Mulli.Fue1 CFB (10% Co.firc). 50 MW 
Sewagc Sludge & AnaBmbic Digcslion . 085 MW 
Bio Mass (Ca-Fire) 
Mollon Carbonale Fual Cell .300 hW 
Spark Ignition Engne - 5 MW 
Hydraclecltic . NOW - 30 MW 
Ohio Falls 9.10 

storage 
Sloregc 

Natural Gas 
Nalunl Gar 
Nalural Gas 
N~Iural Gas 
Nalural Gas 
Natural Gas 
Nalural Gas 
Nalum Gar 
Natural Gas 
Nslural Gar 
Naluial Gas 
Nalural Gas 
Nulural Gas 

Coal 
Coal 
COB1 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 

Renewable 
Rencwabla 
Rcnewablo 
Renewable 
Renewable 
Rcncwable 
Rencwablc 

Wasle To Eneqy 
Waile To Energy 
Waslo To Encqy 
Was18 To Energy 
WasIc To Energy 
Waste To Encigy 

Nalural Gas 
Natural Gar 
Rcnawvble 
Rencwable 

SCCT 
CCCT 
CCCT 
CCCT 
CCCT 
CCCT 
CCCT 
CCCT 
CCCT 

CT 
cr 

Pulvcnzed Coal 
Pulvanzcd Coal 
Pulvcniod Coal 

Fluidirad Bod Combuslion 
FIUldi2ed Bod Combuslion 

PUlwnLCd Coal 
Pulvsnrsd Coal 
Pulvenzed Coal 
Pulvcnzed Coal 

Pulvcnied Coal 
Potucnred Coal 

Fluidlied Bad Combuslion 
Pulverized Coal 
PUlvcnied Coal 
Pulvenzed Coal 
Pulvonicd Cool 

IGCC 
IGCC 
IGCC 
Wind 

Geolhcimal 
Solar 
SOlW 
SOlil, 
SOlW 
Sola, 
MSW 
RDF 
LFG 
TDF 
SS 

010 Mass 
Fuel Cell 

Recipmcaling Engine 
Hydro 
Hydro 

Coal 
Coal Gasiliwlion 

Coal 
Coal 
Coal 
Coal 
Coal 
Coal 

Coal Gasilicalion 
Coal Gasilicalion 
Coal Gasificalion 

No Fuel 
Rcncw 
No Fuel 
No Fuel 
No Fuel 
No Fuci 
No Furl 
MSW 
RDF 

Landfill Gas 
lO0% TDF I90% Coal 

GBE 
No Fuel 
No Fuel 





Exhibit 2(b) 

2007 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
201 8 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 

Emissions Allowance Prices 

SOz $/ton 

457 
457 
455 
480 
624 
649 
673 
733 
794 
855 
916 
977 
1,038 
1,099 
1.160 
1,22 1 
1,282 
1,343 
1,404 
1,43 1 
1.458 
1.486 
1,514 
1,543 
1,572 
1,602 
1,632 
1,663 
1,695 
1,727 

NO, $/ton 

988 
988 
95 1 
2,366 
2,369 
2,372 
2,274 
2,250 
3,098 
3,092 
3,086 
3,122 
3,149 
3,177 
3,250 
3.282 
3,281 
3,123 
2,970 
3,026 
3,084 
3,143 
3,202 
3,263 
3,325 
3,388 
3,453 
3.518 
3,585 
3,653 

CO, $/ton 
Intermediate High 

0 00 0 00 
0.,00 0 00 
0 00 0 00 
0 00 0.00 
0,,00 0 00 
4 61 4071 
5 15 43 50 
5.,73 45.07 
6 30 51,32 
7 04 53 08 
7 92 54,36 
8 96 55,91 
9 79 57 35 
10 42 59,20 
1 1  06 60.,8.1 
1 1 .,70 62 30 
12 46 63 94 
13 24 66.,03 
14.,06 67 71 
14 92 69 40 
15 83 71.71 
16.77 73 59 
17 72 75 49 
18 85 77.89 
19.,21 79 37 
19 57 80 88 
19 94 82 42 
20.32 83,98 
20 71 85 58 
21 10 87 20 

Example calculation of SO2 adder: 
(NO, and CO, adders are caculated similarly) 

llsing Supercritical Pulverized Coal Unit - High Sulfur, 750 MW 
SO, Emission Rate = 0 09 Ib SO2 I mmETU 
2007 SO2 $/Ton = $457 

2007 SCPC-HS 009#S02 ’ 457$ * 100Cents * 1 tonSO, 
SOz Cost Adder = mmBtu Ton SO2 $ 2000 # 

2007 High Sulfur 
SO2 Cost Adder = 21 centslmm8tu 
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Exhibit 4 
LEVELIZATION EQUATIONS 

USED IN TECHNOLOGY SCREENING 

Tlic total levclizcd cost of a particulai~ tcclinology i n  a specific ycar at a specific capacity factor is 
comprised of (at most) five separate components The five possible components arc lcvclizcd capital 
cost, lcvclized fixed cost, lcvclized variable cost, lcvclizcd fitel cost and lcvclizcd charging cost. The 
actual components utilized i n  calculating total levelizcd cost vary froill tcclinology to technology. For 
example, sonic tcclrnologies may excludc the cliarging coinponcnt while otlicis exclude tlic fuel 
coniponcnt Basically, technologies fall into foul categories: Those tliat 

1 
11. 
I l l .  
IV 

Burn fiicl only (i.e. Pulvcrizcd Coal, Gas Turbine) 
Burn no file1 arid ulilize no "grid" energy (i.c Solar, Wind) 
Burn no fuel but utilize "grid" energy for charging (i.c Battery, Pumped Hydro) 
Burn fuel during gcncration & utilizc "grid" cncrgy for charging ( i  e. CAES) 

A levclization faclor (L,J converts a series of paynicnls Ilia1 are made over "n" periods and subjccl lo a 
constant apparent escalation rate into an equivalent lcvclized payment sticani and is calculated as follows: 

I< =uL 
1 -i- i 

11 = iiunibcr of years = 30 

e;, = apparent csc rate including inflation and real 
escalation (i,e,,  VO&M = 2.0%). See E.xliibit 5 

a,, = ( I  i- i)" - I i = Discount Rate = Prcscnt Value Rate = 7 14% 
i ( I  + i)" 

Adj L,, = LJ( I + eJ 

TIic screening aiialysis utilizes Ibc Adj L,,, The Adj L.,, makes adjustments for beginningiending ycar 
dollars to be consistent with the Companies' economic analysis methods. An Adj. L,, is calculated for the 
fixed, variable, fuel and charging costs only. The capital cost coniponcnt does not utilize an Adj L,, for 
levclization because i t  is lcvclizcd through a Fixed Charge Rate (FCR). 

Definition of Variables: 
Variable 
Year - 

lnst Cost - 
FCR'X, - 

Cap Esc% - 
FO&M - 
VO&M - 
Fix Esc - 
Var Esc - 

- 
- 
- 
- 
- 
- 
- 
- 
- Fix Adj L,, - 

Vas Adj L,, - 
Fuel Adj L,  - 
Charge Ad.] L,, - 

- 
- 
- 
- CF% - 

MW - 
HR - 
FC - 

- 
- 
- 
- Avg Ld IO - 

Charge - 
SO2 - 
NO, 
COI - 

- 
- 
- - 
- 

Definition (Units) 
L.evelized Year - Base Year 
Installed Cost orlotal Generic Uni t  Cost (SIkW) 
Fixed Charge Rate (%) 
Capital Esctilalion Rate (%) 
Fixed O&M (S;IltW) 
Variable O&M (SIMWh) 
Fixed O&M Escolation Rate ( 'YO) 
Variable 0&M Escalation Rate (YO) 
Fixed O&M Levelization Factor 
Variable 0&M Levelkation Fticlor 
Fuel Cost Levelization Factor 
Charging Cost Levelization F;ictor 
Capacity Factor ( 'YO) 
Size ol  Technology (MW) 
Heat Rare (BtulKWh) 
I:uel Cost (SlMBtu) 
Average L.oad (kWh InlkWh Otrt) 
Charging Cost ($/MWli) 
SOz Adder (CentsiMBlu) 
NO, Adder (CentsIMBtu) 
C02 Adder (CenlsiMBIu) 

Source 
Exhibit 5 
Exhibit 3 
E,xhibit 5 
Exhibil 5 
Exhibit 3 
Exhibit 3 
E.xhibit 5 
Exhibit 5 
Exhibit 5 
Exhibit 5 

Base Fuel Only; E.xhibit 5 
Exhibit 5 
0- I00 1% 

E.xhibit 2 (a) 
Exhibit 2 (a) 
E.xhihit 3 
Exlribif .2 (a) 
E.xliibit 5 
Exhibit 2(b) 
Exhibit 2(b) 
Exhibit ?(b) 



Exhibit 4 (cont.) 

Cost Components of Technologies that: 

1.  Burn Puel Only 

Ccpiio/ = / I ? S t  cost x FCR % x (I + cop E F C ~ ~ / ~ ) " ~ " "  

Fisetl = FO & M x ( I  + Fi.x Est%)'""' x Fix Adj L,, 

2. Burn No Fuel and No Charging Energy 

lJse Capital, Fixed and Variable Equations from above 

3 .  Burn No Fuel but Utilize Charging Energy 

Use Capital, Fixed and Variable Equations fioni above and Charging. 

4. Burn Fuel and Utilize Charging Energy 

Use Capital, Fixed, Variable, Fuel and Charging equations from above 



CONFIDENTIAL INFORMATION REDACTED Exhibit 5 

Adjusted L, and Other Miscellaneous Data 
(All Fuel prices are in CentslMBtu) 

I , 1 ~.,,, , .  , , ,-,, ..i . , . . .  - ,I*.:l ::I.\:: BosoY~(SiMWh)charglngcosl 
C"m"l.1bC C"m"lv1l"e CUrnUlaliVC I 1 i:'!, Charging E% 

Capltiul cos1 F 08M V OBM 
ESC Charglng Year 

2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 

ESC 

1 000 
1017 
1035 
1 052 
1070 
1 089 
1107 
1126 
1 146 
1165 
1185 
1205 
1226 
1247 
1269 
1291 
1313 
1335 
1358 
1381 
1405 
1429 
1454 
1479 
1504 
1530 
1555 
1583 
1610 
1637 

E% 

1 000 
1017 
1035 
1052 
1 070 
1089 
1107 
1126 
1146 
1165 
1185 
1206 
1 226 
1247 
1 269 
1291 
1313 
1335 
1358 
1381 
1 405 
1429 
1454 
1479 
1504 
1530 
1556 
1583 
1610 
1 637 

Fuel NOICS: 
611107 Fuel F o r m ~ s I  Usod All fuel prices in cen15 per million Blu wilh the cxccplion of charging which is In SIMWh 
Charging cos1 bare upon avorage cos1 of off-poak generalion 

Fixed Vadauble Capilal Charglng 

[--jlnp"l 
No1 an lnpul 
Calculaled 

Change "Levellied Yeor' lo year d w w d  lor "Snapshor year enaly~s 
Change "n" 10 1 lor "Snapshor year analysk and 30 for Icvelizcd analyis 

Fixed Charge Rates by Technology 
coat 951% 
Simple Cycle CT 10 599'. 
Combined Cycle CT 9 39% 
Olhci 9 9746 



Exhibit 6 
30-Year Levelized Cost 

for All Technologies over 
All Capacity Factors 



Exhibit 6 

Levelized Dollars at Various Capacity Faclors With SO2 Adders. without C02 Adders, and with NOx Adders , ,  ..: , r ,  ", L , I  .-.-. - .  . . ,. .. . . . . . . . . 
2007 (SlhWyr) 

slmpic C~CIC GE ~ ~ 6 0 0 0  CT . Peaking capacity I Simplo Cycle GE 7EA CT - Peaking Capacily 

Combined c& 2x1 GE 7FA CT. Inlcrmcdlale Loar 
Combined Cycle 3x1 GE 7FB CT . lnlcrnicdialc Loa< 
Siemens 5000F CC CT - Inlcrmodiale Load 
Humid A r  Turbine Cycle CT .366 MV? 
Kelina Cvcla CC CT .282 MW 

S&rcrilical Pulvcrircd Coal High Sullur - 750 MVI 
Pressurized Fluidized Bod Combuslior 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC, HighSullur 
Subcriiical Pulverized Coal - 500 MW . CCS 
Subciiliwl Pulverized Coal. High Sulfur. 500 MW - C 
Circulalino Fluidized Bed. 500 MW . CCS 

Supercrilical Pulvenzcd Coal High Sullui .750 MW 
1x1 IGCC . CCS 
2x1 IGCC -CCS 
2x1 IGCC High Sullur- CCS 
Wind Energy Convcnion .50 MW 
Gealhcrmal .30 MW 
Solar Pholovallaic~ 50 kW 
Solar Thermal Parabolic Trough - 100 MW I Solar Therms1 Parabolic D$sh. 1 2 MW . . ~ ~ 

SolaiTliarmal Ccnlral Rccaivcr- 50 MW 
Solar Thermal Solar Chimney - 50 MW 
MSW Mass Bum - 7 MW 
RDF Slokar-Fired . 7 MW 
Landfill Gas IC Enginc . 5 MW 
TDF Mulli.Fue1 CFB (10% Codrc) - 50 MW 
Scwapc Sludge B Anaerobic Digestion. 085 MW 

:CS 

. CCI  

. ccs 

402 
"71 

172 
128 
i o 2  
191 
144 
122 
104 
134 
132 
I 4 5  
151 
422 
458 
331 
291 
297 
330 
293 
299 
303 
277 
280 
412 
368 
327 
327 
524 
532 
532 
531 
538 
501 
505 
510 
462 
464 
259 
484 
766 
506 
734 
771 
646 

1741 
1665 
455 
489 
693 
324 
463 

140 . 

491 

131 

290 
267 
227 
273 
215 
193 
175 
206 
233 
206 
225 
590 
597 
352 
312 
317 
352 
314 
319 
322 
298 
299 
436 
388 
347 
345 
555 
561 
563 
560 
566 
530 
533 
533 
485 
486 
248 
480 
766 
507 
734 
772 
646 

I712 
1747 
494 
512 
689 
344 
542 

.. 
)79 

Fucl FomcssL- Bas0 Capuclly Factors 

Pumpcd Hydro Energy Slorage - 500 MW 
Lead.Acld Ballcry Energy Sloiagc - 5 MW 271 : 
Compiasscd ANT Energy Sloragc .500 MW 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
147 7," 171 .... __ ..- ___ -.. ._. 

408 526 644 762 880 998 1116 1234 1352 
405 544 683 821 960 1099 1237 1376 15151 
351 476 601 725 850 975 1099 1224 1349 
354 436 518 599 681 763 844 926 1008 
287 358 430 501 572 644 715 786 858 
264 336 407 478 549 820 692 763 834 
245 316 386 457 528 598 689 739 810 
777 344 421 492 564 635 707 779 850 

~ 

I 
.. 

333 434 535 635 736 837 937 1038 
268 329 390 452 513 574 636 687 -.. 
799 373 447 521 595 669 742 616 - ... 
.- __ .... .... - -.- 
738 879 1021 1162 1303 1444 1585 
374 395 416 437 459 480 501 

342 361 380 400 419 438 458 
318 339 359 380 400 421 441 

461 485 510 534 559 583 608 
4117 477 a46 466 488 505 525 

319 338 35 

.- 
1726 1867 
523 544 

334 355 376 397 419 440 461 483 504 
337 357 377 397 417 437 457 477 497 
373 395 416 438 459 481 502 524 545 
336 357 379 400 421 443 464 486 507 
339 os9 379 399 419 439 459 479 499 

477 496 
462 482 
454 474 
-.. - 
.... __ 

~~ .. 
366 386 405 425 444 484 483 -..- 
363 382 400 418 436 454 473 --- - 
585 616 646 677 708 738 769 799 830 
590 619 648 677 706 735 764 793 823 
594 624 655 688 717 748 779 809 840 
589 618 646 675 704 733 762 791 819 
593 621 649 677 704 732 760 788 815 
559 588 617 646 675 704 733 762 791 
560 588 615 643 670 698 725 753 780 
557 580 604 627 651 674 697 -. 
509 532 556 579 603 626 649 --- 
509 531- 553 576 598 620 643 - - ~.~.. ~~ 

476 472 467 462 456 449 442 s 
..- .- -- -- -.-- 
.... - ..- ..- -- - 
- __ __ -. -. -.-- 

773 773 773 774 774 .- 
646 645 -.. _. -. 

-- -. 
-.. .- .. ~~ 

1683 1653 1624 1595 1566 1537 -- I 
533 572 811 651 690 729 768 607 -. 
536 559 582 605 629 652 875 698 721 
685 681 676 672 668 663 656 649 -- - I  1829 1912 1994 2076 2158 2241 2323 -- 

... 
363 383 402 422 441 461 480 500 519 
621 701 780 859 938 1017 1096 1176 -. 
580 689 758 847 936 1025 1114 1203 - 

467 462 456 449 -. .-. 
293 287 281 273 - - - ___ 

Mlnlmum Lcvellzod SlhW 102 175 237 225 357 377 396 416 435 435 428 
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Exhibit 6 

Bia Mi55 (CoyFirc) 
Mollcn Carbonillc Fuel Cell. 300 kW 
Spark lgnllion Engine - 5 MW 
Hydroelaclnc - New - 30 MW 
Ohla Falls 9-11) 279 273 267 259 .I __ -. - 

Levelized Dollars ai Various Capaciiy Factors With SO2 Adders, withoui COZ Adders, and with NOx Adders 

Capllol Ca.l-LoW 2007 (SfkWyr) 
Heal Ralo-LOw 
Fuel F o ~ c c ~ ~ l - L o w  Capndt Faclocs 

Pumpad Hydro Energy Sloragc .500 MW 134 197 250 __ .... 
Lcad.Acid Ballcry Enoigy Storage. 5 MW 
Compressed Air Energy Sloragc - 500 MW 

Technology 0% 10% 20% 30% 40% '50% 00% 70% 80% -4 
7"t 

Simple Cyclc GE LMSOOO CT . Pcahing Capacily 
Simplo Cyclo GE 7u\ CT. making Capacily 
Simple Cycle GE 7FA CT . Peaking Capacity 
Combined Cycle GE 7EA CT . lnlcrmedialc Load 
Combined Cyclc GE 7FA CT . lnlcimcdiale Load 
Combined Cycle 2x1 GE 7FA CT . lnlcimcdiale Load 
Combined Cyclo 3x1 GE 7FB CT. lnlcrmcdialc Load 
Sicmoos 5000F CC CT . lnlcrmcdialc Load 
Humid AN Turbine Cycle CT . 365 MW 

Chong Cydc CT . 140 MW 
Poahing Microturbine. 0 03 MW 
Bascload Mlciolurtlno - 0 03 MW 
Subcritical Pulvanzcd Coal - 250 MW 
SUbcrillcal Pulvcrircd Coal. 600 MW 
Subcrilical Pulverized Coal. High Sullur .600 MW 
Circulating Fluidized Bad - 250 MW 
Caculaling Fluidized Bed.  500 MW 
Suporcrilical Pulverized Coal . 500 MW 
Supcrcrilical Pulvcnzed Coal High Sullur . 600 MW 
Suporcillical Pulverized Coal - 750 MW 
Supcrciilical Pulveiized Coal High Sulfur. 750 MW 
Pressurized Fluidized Bod Combvsllon 
1x1 IGCC 
2x1 IGCC 

i(aiina cycle cc CT . 282 MW 

Cimlaling Fluidized Bad .500"MW - CCS 
Supercritical Pulverized Coal - 500 MW . CCS 
Supercritical P l v e m s d  Coal I-llgh Sullui. 500 MW . CCS 
Supcrcrilical Pulverized Coal. 750 MW - CCS 
S~pcrcrilical Pulverized Coal. High Sulfur - 750 MW - CCS 
1x1 IGCC-CCS 
2x1 IGCC - CCS 
2x1 IGCC High Sulfur-CCS 
Wind Energy Conversion. 50 MW 
Gcolhcimal - 30 MW 
Solar Pholovollaic - 50 kW 
Solar Thermal Piiiabolic Trough - 100 MW 
Sol% Thermal Parabola Dish. 1 2 MW 
Solvr Thermal, Conlal R e m v e r .  50 MW 
Solar Thermal Solar Cliimnoy - 50 MW 
MSW Ma51 Bum. 7 MW 
RDF Slokor.Fircd. 7 MW 
Landfill Gas IC Englnc .5 MW 
TDF Multi-Fuel CFB 110% Co4rc) - 50 MW 
Sewaoo SIUdm 8 Anaerobic Diocrlion . 085 MW 

1 58 
1 1a 
94 

177 
132 
112 
96 

124 
123 
133 
139 
398 
430 
305 
257 
272 
303 
269 
276 
270 
254 
256 
364 
337 
300 
299 

466 
509 
507 
514 
479 
462 
480 
442 
444 

443 
522 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 

478 

238 

298 
385 
303 
409 

-. 
1213 

259 
204 

243 
216 

231 
179 
159 
142 
171 
160 
173 

517 
522 
325 
207 
291 
323 

294 
296 
273 
274 
387 
355 
310 
315 
507 
513 
638 
534 
540 
506 
506 
510 
454 
465 
227 
439 
522 
422 
501 
646 
533 

I610 
1576 
445 
473 
523 
316 
440 
440 
403 

182 

185 

289 

317 
280 

329 
314 
270 
204 
226 
206 
189 

254 
212 
236 

614 
345 
307 
310 
343 
309 
312 
314 
293 
292 
410 
374 
337 
333 
536 
541 
567 
561 
566 
5341 
534 
532 
486 

216 
435 

218 

486 

._ __ 
647 
533 

1653 
469 
495 
619 
335 
492 
496 

1587 

398 

-.. _.. 

414 499 
412 510 
350 446 
338 392 
272 319 
252 299 
235 281 
285 312 

252 292 
319 385 

285 334 

705 797 
365 385 
327 347 
329 340 
364 364 
329 349 
331 350 
333 351 
312 331 
310 329 
433 455 
392 411 
365 373 
360 357 
564 593 

596 625 
568 596 

588 615 
593 619 
651 588 
560 585 
554 575 
500 530 
507 526 
203 
431 426 - . .... 

- _. 
647 647 
532 

1563 1539 
1730 1807 
492 516 
517 530 
614 610 
353 371 
544 595 
553 610 
392 354 

- 
fin5 
608 
534 
445 
366 
346 
328 
359 
450 
332 
383 

889 
._. 

405 
367 
366 
404 
369 
359 
369 
351 
347 
479 
429 
392 

522 
623 
554 
642 
645 
615 
612 
599 
553 
549 

421 

385 

_. 
_. 
_. 
... 

648 

1854 

_. 
1515 

639 
560 
605 
390 
647 
697 

.- 

670 
706 
622 
499 
413 
393 
374 
405 
516 
371 
431 

981 
426 
387 

424 
369 
307 
307 
370 
365 
602 
448 
410 
402 
651 
650 
663 
669 
671 
643 
630 
621 
575 
570 

414 

.- 

385 

... 

-_ 
647 

1492 
1961 
563 

501 

699 
723 

.... 

582 

408 

.... 

755 

710 
553 
460 
440 
421 
453 

411 

804 

581 

480 

1072 
446 
407 
404 
444 
409 
406 
406 
389 
383 
525 
466 
425 
419 
600 
670 
712 
697 
697 
570 
664 
643 
597 
591 

407 
.._ 

I 

._ 
1468 
2038 

604 
595 
425 
751 
700 

586 

._ 

_.. 
_.. 

84 1 
902 
798 
606 
507 
407 
467 
500 
645 
451 
529 

1154 
466 
427 
423 
465 
430 
425 
424 
400 
401 
549 
454 
446 
436 
709 
705 
742 
724 
724 
697 
690 
565 
619 
612 

400 

_.. 

-~ 

__ 
-.. 
._ 
-. 

2115 
610 
625 
568 
444 
503 
837 - 

.-. 

.... 

826 
1000 
886 
660 
553 
533 
513 
547 
712 
491 
578 

.-. 
1256 
486 
447 
442 
485 
450 
444 
442 
426 
419 

-.. 
737 
732 
77 1 
751 
750 
725 
716 

-_ 
-_ 

~ ~ . ~ .  
. ,393 

-. 
-. 
.... 
-. 
..- 

633 
647 
501 
463 
855 
893 -_ 

.. . 

1011 
1090 
974 
714 
600 

560 
594 

580 

. .. 

_.. 
._ 
1348 
506 
467 
461 
505 
470 
462 
460 
447 
436 
.... 
-~ 

766 
760 

770 
776 
752 
742 

noo 

-~ 
__ 

386 _. 
I 

.... 

._. 

659 

461 _.. - 
-~ 
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Exhibit 6 

Simple Cyclc GE LM6000 CT . Pcahing Capacity 
Simple Cydc GE 7EA CT . Pcahing Capacily 
Simple Cycle GE 7FA CT . Pcaking Capacity 
Combined Cycle GE 7EA CT - Intormcdiiitc Load 
Combined Cycle GE 7FA CT - lnlermediaic Load 
Combined Cycle 2x1 GE 7FA CT . lnlomcdialc Load 
Combined Cycle 3x1 GE 7FB CT . lnlcrmadialc Load 
Sicmcnr 5000F CC CT . lnlcrmadialc Load 
Humid Air Turbine Cycle CT . 366 MW 
Kalina cydc CC CT. 202 MW 
Clicng Cyclo CT - 140 MW 
Peahing Microluibinc .O 03 MW 
Baseload Microlurtino - 0 03 MW 
SUbCwcal Pdvcnzcd Coal - 250 MW 
Subciilical Pulverized Coal. 500 MW 
Subcrillcal Pulvcrircd Coal. High SullUr. 500 MW 
Circulaling Fluidized Bcd - 250 MW 
Circulaling Fluidized Bod. 500 MW 
S~peicrilical Pulvcrizcd Coal .SO0 MW 
Supcrcritivl Pulverized Coal High SuItur - 500 MW 
Supc~c t i l l ~ l  Pulverized Coal - 780 MW 
Supcrcrilical Pulverized Coal High Sullur. 750 MW 
Prcssuiiied FIUidPcd Bod Combuslion 
1x1 IGCC 

Levelized Dollars a1 Various Capacily Factors Wilh SO2 Adders, wilhout COZ Adders, and with NOx Adders 

cilllitai CO*t.LOW 2007 (51hW yr) 

..,~~ .. . -~~ ~ 

Supsrcr8lical Pulverized Coal Hiah Sulfur. 750 MW. CCS 
1x1 IGCC - CCS 
2x1 IGCC -CCS 
2x1 IGCC High Sullur . CCS 
Wind Energy COnVeiSion. 50 MW 
Gcolhcrmal - 30 MW 
Solar Pholovoltaic . 50 kW 
SolniTl,eimal Parabolic Trough. 100 MW 
Solar Thermal Parabolic Dish . 1 2 MW 
Solar Thermal. Central R e c ~ i v e r .  50 MW 
Solar Tlicrmal Solar Chimney. 50 MW 
MSW Mass Bum. 7 MW 
RDF Slokcr.Fired - 7 MW 
Landfill Gas IC Engine - 5 MW 
TDF Muili-Fuel CFB (10% Co.liiC). 50 MW 
Sewage Siudge B Anaerobic Digcslion . 085 MW 
Bio Mass (Co.Fiic) 
Mollen Carbonate Fuci Cell - 300 kW 
Spark lgnilion Engine. 5 MW 
Hvdroeloclric - New. 30 MW 

2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcritical Pulverized Coal. 500 MW . CCS 
Subcritical Pulverized Coal, HiOh Sulfur. 500 MW - CCS 

Supercri1i;l Pulverized Coal - 500 MW . CCS 
Superciilical Pulverized Coal High SUllur. 500 MW - CCS I Sonerrrilird Piiiveriiod Coal - 750 MW. CCS 

201 259 
128 

158 
118 
04 

177 
132 
112 
98 

124 
123 
133 
139 
390 
430 
305 
267 
272 
303 
269 
275 
278 
254 
250 
384 
337 
300 
299 
478 
488 
509 
507 
514 
479 
402 
480 
442 
444 
238 
443 
622 
421 
GO1 
845 
533 

1034 
1499 
422 
451 
627 
298 
308 
303 
409 403 

217 

271 
251 
213 
255 
200 
100 
183 
192 
219 
191 
209 
559 
564 
325 
287 
291 
324 
289 
294 
297 
274 
274 
387 
356 
319 
316 
507 
514 
539 
535 
541 
507 
508 
510 
464 
465 
227 
439 
622 
422 
601 
848 
533 

1GO8 
1577 
459 
473 
623 
317 
483 
468 

307 

385 
385 
333 
333 
268 
248 
231 
261 
315 
250 
280 

699 
346 
308 
310 
344 
310 
313 
315 
293 
293 
411 
375 
337 
334 
537 
542 
588 
562 
567 
534 
535 
533 
487 
487 
218 
435 

._ 

._ 

.- 
._ 

647 
533 

1582 
1656 
496 
496 
619 
335 
539 
552 

317 
- 
-. 
... 

498 
518 
452 
411 
336 
318 
298 
329 
411 
308 
350 

833 
368 
320 
330 
365 
330 
332 
334 
313 
311 
434 
393 
356 
351 
566 
589 
590 
590 
594 
552 
581 
555 
509 
508 
203 
431 

... 

_. 
-.. 

M 7  
532 

1556 
1730 
533 
510 
614 
354 
614 
637 
392 

.... 

811 
651 
57 1 
489 
404 
384 
385 
397 
506 
387 
421 

966 
387 
348 
349 
385 
351 
351 
352 
333 
330 
458 
412 
375 
368 
595 
597 
627 
617 
621 
590 
500 
578 
532 
530 

428 
-. 

-.. 
- 

G47 

1530 
1813 
570 
540 
610 
373 
890 
721 
304 

- 

_. 
~. 
-. 

725 
785 
691 
567 
472 
452 
433 
468 
GO2 
475 
491 

1102 
407 
368 
368 
406 
37 1 
370 
371 
352 
348 
401 
431 
393 
388 
624 
625 
057 
645 
647 
618 
614 
600 
554 
551 

421 

-. 

- 
._. 
._ 

648 

1504 
1091 
606 
502 
605 
39 1 
765 
806 

_. 

-. 

... 

._ 

._ 

830 
918 
810 
845 
540 
520 
500 
534 
698 
483 
562 

1237 
428 
389 
307 
426 
391 
389 
389 
372 
367 
505 
450 
412 
403 
654 
653 
886 
672 
074 
645 
640 
623 
577 
572 

414 

- 

..- 

647 

1470 
1970 
643 
585 
GO1 
410 
841 
690 

-. 

- 

951 
1051 
929 
723 
608 
588 
567 
GO3 
794 
542 
632 

1371 
448 
409 
407 
447 
412 
409 
408 
391 

" 385 
528 
469 
431 
421 
683 
681 
716 
700 
700 
673 
687 
845 
599 
594 

... 
_.. 
.- 

1065 
1185 
1049 
GO1 
878 
656 
635 
671 
890 
GOO 
703 

1505 
460 
429 
426 
487 
432 
428 
426 
411 
404 
551 
487 
449 
438 
712 
709 
745 
727 
727 
701 
693 
668 
622 
815 

-. 

.... 
-.. -. 

1170 1291 
1318 1451 
1168 1287 
879 957 
744 012 
724 792 
702 769 
739 808 
808 -- 
659 -. 
773 
.-. -. 
1840 1774 
489 509 
450 470 
445 464 
488 508 
453 473 
447 486 
445 463 
431 450 
422 441 
..- -. 
_. -.~ 
-. -. 

741 771 
736 764 
775 804 
755 782 
754 780 
729 758 
720 746 

-- 
-.. - - _. 

_.. -. - 
__ - __ _. 
.- - 
1452 - - 
2048 2127 - .... 
080 717 754 --- 
607 629 651 673 
595 588 581 - 
420 447 488 484 
916 992 1067 -- 
975 1000 1144 -... __ _. - 398 

279 273 267 259 _. --. _. - --- ._ IOhio Falls 9-10 
Minimum Lovelircd SlhW 94 163 216 203 330 348 367 385 400 393 38€ 
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Exhibit 6 

Simple Cycle GE LMSOOO CT . Peaking Capacity 
Simplo Cyclc GE TEA CT - Peaking Capacily 
Simple Cycle GE 7FA CT . Peaking Capacily 
Cambinod Cycle GE 7EA CT . lnlermediale Load 
COmbinOd Cycle GE 7FA CT - lnlcimcdialc Load 
Combinod Cyclc 2x1 GE 7FA CT - lnlcrmcdialc Load 
Combined Cycle 3x1 GE 7FB CT . 13crmcd,alo Load 
Sicmons 5000F CC CT. Inlcrrmdialc Load 
Humid Air Turbine Cyclo CT .366 MW 
Kalina Cyclc CC CT .202 MW 
ChengCyclcCT- 140MW 
Psaking Microlurbinc .O 03 MW 
Baseload Microlurbinc - 0 03 MW 
Subcmlical Pulvcrired Coal .250 MW 
Subcrilical Pulverized Coal - 500 MW 
Subcriliml PUlverizCd Coal. i-ligh Sulfur. 500 MW 
Circulaling Fluidized Bed - 250 MW 
Clrculaling Fluidized Bed .500 MW 
Supcrcrilical PUlveriiad Coal . 500 MW 
Suporcnliwl Puivcrizcd Coal High Sullui. 500 MW 
Supeicrilical PuIwtiZed Coal - 750 MW 
Supcrcrilical Pulverized Coal I-ligh Sulfur. 750 MW 
Pre65unzcd Fluidized Bed Combustion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC, High Sullui 
Subcrilical Pulverized Coal - 500 MW . CCS 
SUbCiilimI Pulvoriied Coal. High Sulbr. 500 MW - CCS 
Circulalinq Fluidized Bed - 500 MW - CCS 
S~ps i~r i l i ca l  Pulverized Coal - 500 MW - CCS 
Supcrcrilical Pulverized Coal High Sullur I 500 MW . CCS 
Supercrilical Pulverized Cool. 750 MW - CCS 
Supeicrilical Pulverized Coal l i igh Sulfur. 750 MW . CCS 
1x1 IGCC -CCS 
2x1 IGCC . CCS 
2x1 IGCC HighSullur- CCS 
Wind Energy Convcnion .50 MW 
Geolhcrmal .30 MW 
Solar Pholovoilaic - 50 kW 
SolaiThcrmal PaiabolicTmugh - 100 MW 
Solar Thermal Parabolic Dish. 1 2 MW 
Solar Thermal Cenlral Receiver. 50 MW 
Solar Thermal Solar Cl,lmnev. 50 MW 
MSW Mass Bum. 7 MW 
ROF SloUcr.Ricd - 7 MW 

Levelired Dollars at Various Capacity Factors With SO2 Adders, without COZ Adders, and wifh NOx Adders 

CapllBl COE1.LOW 2007 (SlkW yr) 
Hcol Rate-Low 
Fuel FOICCIEI- Hlgh Capmlly Faclors 

Technology 0% i o %  20% 30% 40% 50% 60% 70% 80% 90% 100% 
Pumped Hydro Enorgy Sloiago - 500 MW 134 197 260 .... __ 
LcadAcid Ballen/ Encrgy Sloragc - 5 MW 701 714 317 
Comprcsscd Air Energy Storage. 500 MW 

IBto Miss ( C ~ k r e )  
Mollen Carbonale Fuel Coli. 300 kW 

.. 
125 

... 
225 325 

155 
115 
94 

177 
132 
112 
96 

124 
123 
133 
139 
398 
430 
305 
257 
272 
303 
259 
275 
275 
254 
256 
364 
337 
300 
299 
475 
455 
509 
507 
514 
479 
452 
455 
442 
444 
235 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 
295 
355 
353 
409 

293 
279 
235 
274 
217 
196 
180 
209 
243 
206 
226 
592 
595 
326 
255 
292 
325 
290 
295 
297 
275 
275 
355 
357 
320 
317 
509 
515 
540 
536 
542 
505 
510 
512 
466 
8x6 

429 
439 
352 
371 
301 
251 
263 
294 
362 
279 
314 

765 
345 
310 
312 
346 
312 
315 
317 
295 
295 
413 
376 
339 
335 
539 
544 
571 
565 
569 
537 
537 

..- 

535 
459 
"A4 

-.. 

564 699 
60U 751 
526 670 
465 564 
356 470 
365 450 
347 430 
379 463 
482 602 
352 425 
401 459 

933 1101 
369 391 
331 352 
332 352 
365 359 
333 355 
335 355 

_. 

535 970 1105 
921 1082 1243 
614 955 1102 
661 756 555 
555 639 724 
534 615 703 
514 595 551 
545 633 715 
721 841 960 
495 571 643 
576 684 751 

1269 1436 1604 
412 433 455 
373 395 416 
373 393 413 
411 432 454 
376 397 419 
375 395 415 

.... .- 

336 356 375 395 414 
316 336 357 375 395 
314 92 
437 462 456 511 535 
396 415 
359 375 
354 372 
570 600 
573 602 
601 632 
594 622 
597 625 
566 595 
555 592 
559 552 
513 536 

I" _ _  511 533 
227 03 -- 
439 435 431 426 
622 _. .- 
422 
60, __ 
546 647 647 647 
533 533 532 -- 

1606 1577 1549 1521 
1581 1684 1746 1529 
469 517 564 611 
474 495 521 546 
623 819 614 610 
316 337 357 376 
452 576 669 763 
459 595 702 506 
403 390 392 354 

435 
395 
390 
631 
631 
563 
651 
653 
624 
620 
606 
560 
556 

421 
- 
-. 
_. - 
645 

1493 
1911 
659 
565 
605 
396 
557 
914 

_. 

_. 

455 
417 
405 
662 
680 
694 
650 
650 
653 
647 
629 
553 
575 

414 
.- 

647 

1464 
1994 
706 
591 
601 
415 
951 

1021 ._ 

474 
437 
425 
6g2 
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725 
709 
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652 
875 
653 
607 
600 

407 
.._ 
.- 

.... 

._ 
1436 
2076 

753 
614 
595 
435 

1045 
1127 - 

- 
-.. 

1241 
1403 
1246 
952 
505 
757 
765 
503 

1050 
716 
539 

1772 
476 
437 
433 
475 
440 
436 
434 
419 
411 
560 
494 
456 
445 
723 
715 
756 
735 
735 
712 
702 
676 
630 
623 

_.. 

_. 
400 - 
_.. 
- __ 
2159 
501 
635 
565 
454 

1139 
1233 __ 

_. 
_.. 

1376 
1554 
1390 
1049 
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571 
549 
588 

1200 
759 
926 

1940 
495 
459 
453 
497 
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456 
453 
440 
430 

_. 

._ 

... 

... 
- 

753 
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764 
74 1 
730 _.. 
_.. 
-. 
- 

393 - 
_. 
_. 
- 
._ 
545 
661 
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1232 
1339 __ 

_. 
-. 

1511 
1725 
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-.. 
_.. 
._ 
2107 
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473 
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47E 
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46C 
45c 
_.. 
__ 
-.. 
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791 
77( 
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-.. 
-.. - 

3Bi - 

_.. 
.- 

I 

651 

49: 
__ 
-.. 
_. Spark lgmlan Eoghe. 5 MW 

HydroeIcCInc - New. 30 MW 
279 273 267 259 __ __ - -. 

Mlnlmum Lcvellzod SlkW 94 150 216 203 333 353 372 392 400 393 381 

Gcncraiion Planning 



Exhibit 6 

simple Cyclc GE tM6000 CT - Pcaking Capacily 
Simpis Cyclc GE 7EA CT . Pcaking Capacily 
Simplo Cycle GE 7FA CT - Peaking Capacily 
Combined Cycle GE 7EA CT - lnlonnodiola Load 
Combined Cycle GE 7FA CT . Inlcrmcdialc Load 
Combined Cycle 2x1 GE 7FA CT . lntarmcdialc Load 
Cornbinod Cycle 3x1 GE 7FB CT . Inlcmcdiulc Load 
Siemens 5000F CC CT . lnlcrmedialc toad 
Humid Air Tuibinc Cycle CT .366 MW 
Kalina Cyclc CC CT .202 MW 
Chon9 Cycle CT . 140 MW 
Peaking Microturbine. 0 03 MW 
Baseload Microlurbma - 0 03 MW 
Subcritical Pulverized Coal - 250 MW 
SLTbc~lica: Polveriied Coal. 500 MW 
S~bciitical Pulvcrircd Coal. High Sulfur. 500 MW 
Ciiculaling Fluidized Bed I 250 MW 
Ciiculaling Fluidized Bed. 500 MW 
Supcrcrilical Pulverized Coal .500 MW 
supcrcrilical Pulverized Coal High Sultur - 500 MW 
Supciciilical PuIvamed Coal. 750 MW 
supcrcii l ivl Pulvcrizsd Coal High Sulfur. 750 MW 
Pressurized Fluidized Bod Combualion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. i-Iigh Sulfur 
Subcrilical Pulverized Coal. 500 MW . CCS 
Subcrilical PuIvctimd Coal. High Sulful . 500 MW - CCS 
Ciiculaling Fluidized Bed - 500 MW . CCS 
supercrilical Pulvenied Coal .500 MW - CCS 
Suparcrilical Pulverized Coal. High Sullur - 500 MW - CCS 
Supel~tilical Pulverized Coal - 750 MW . CCS 
Supercrilical Pulverized Coal High Sulfur. 750 MW . CCS 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sulfur. CCS 
Wind Energy Convcnion .50 MW 
Goolhcrmal .30 MW 
Solar Pholovallaic .50 hW 
Solar Thermal PaiabolicTrough. 100 MW 
Solar Thermal Parabolic Dish . 1 2 MW 
Solar Thermal Cenlral Receiver - 50 MW 
Solar Thermal Solar Cliimney .50 MW 
MSW M a s  Bum - 7 MW 
RDF Slokci-Fimd - 7 MW 
Landlill Gas IC Engine - 5 MW 
TDF MulIi.Fucl CFB (10% Ca-lire) . 50 MW 
Sewage Sludgc 8 Anaerobic Digeslion . 005 MW 
Bio Mass (Co-Fire) 
Mollcn Carbonate Fuel Call - 300 hW 
Spark Ignilion Engins. 5 MW 
Uvnrncleclric . New. 30 MW 

Levelired Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders 

CilpltBI Cast-Low 2007 (SlkW yr) 
Heal Rale- Base 
Fual F~)rccasl -L~w Capaclly Fuclars 

Pumped Hydro Enorgy Sloraso .500 MW .... .... .... 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%- 

_.. Technology 

tcad.Acid Balloiy Energy Sloiagc . 5  MW 
Compwsscd AN Enctgy Sloiagc - 500 MW 

201 
126 

-.. 
259 317 ~~ 

205 263 

I59 
119 
95 

176 
133 
113 
97 

125 
I24 
134 
139 
399 
433 
305 
267 
272 
303 
269 
275 
276 
254 
256 
364 
337 
300 
299 
470 
466 
509 
507 
514 
479 
402 
460 
442 
444 
230 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 
290 
309 
385 
409 

247 335 
220 322 
186 276 
234 290 
162 231 
162 211 
145 194 
174 224 
193 
176 
190 
522 
529 
326 
288 
292 
324 
290 
295 
297 
274 
275 
388 
356 
319 
317 
500 
515 
539 
535 
541 
500 
509 
511 
465 
466 
227 
439 
622 
422 
601 
546 
533 

1607 
1500 
447 
474 
523 
317 
443 
445 
403 

251 
217 
24 1 

625 
347 
309 
311 
345 
311 
314 
315 
294 
294 
412 
376 
338 
335 
538 
543 
570 
564 
569 
536 
536 
534 
408 
400 
216 
435 

._ 

__ 
.- 
.- 

647 
533 

1560 
1661 
472 
497 
619 
338 
496 
504 
396 

423 
423 
369 
347 
280 
260 
242 
273 
330 
259 
292 

722 
360 
330 
331 
367 
332 
334 
335 
315 
313 
436 
395 
357 
353 
560 
572 
600 
592 
596 
555 
563 
557 
511 
510 
203 
437 

_.. 

-. __ 
647 
532 

1554 
1741 
497 
520 
615 
356 
552 
564 
392 

51 1 
524 
460 
403 
329 
309 
291 
322 
398 
300 
343 

618 
369 
351 
351 
308 
353 
354 
354 
335 
332 
460 
414 
377 
370 
598 
600 
630 
620 
623 
593 
590 
580 
534 
532 

426 

... 

- 
-. 
_. 
... 

647 

1527 
1622 
522 
543 
610 
375 
606 
624 
384 

- 

......... 
_. .- .._ 
599 667 775 
626 727 820 
552 643 734 
459 515 571 
379 426 477 
356 407 456 
339 360 436 
371 421 470 
467 536 604 
342 304 425 
394 445 495 

914 1010 1106 
410 431 452 

.._ 

372 393 414 
370 380 410 
no9 430 d51 .. 
374 395 416 
373 393 412 
374 393 412 
355 375 395 
351 370 309 
484 506 532 
433 
395 
308 
628 
629 
660 
648 
650 
622 
617 
603 
557 
554 

421 
- 

.-. 
648 

1500 
1903 
547 
566 
605 
394 
661 
003 
.-. 

453 
415 
406 
658 
658 
691 
677 
678 
650 
644 
626 
560 
576 

4 14 
_. 
._ 
... 
- 
647 

1473 
1984 
572 
589 
602 
413 
715 
743 

-. 

- 

472 
434 
424 
668 
686 
721 
705 
705 
679 
672 
649 
603 
598 

_.. 
_.. 

663 
930 
025 
627 
526 
504 
405 
519 
673 
467 
547 

1202 
473 
435 
429 
472 
437 
432 
431 
415 
408 
556 
491 
453 
442 
718 
715 
751 
733 
732 
707 
699 
673 
627 
620 

_.. 

._ ._ 
407 400 ._ -- 
.- _- 
... _. 
-. __ -.. 
1446 - 
2065 2145 
597 622 
611 634 
596 569 
432 451 
769 024 
803 862 - 

-. 
-.. _. 

951 1039 
1031 1132 
917 1000 
604 740 
575 624 
553 602 
533 562 
569 616 
741 
500 - 
590 -.- 

1299 1395 
494 515 
456 477 
449 469 
494 515 
458 479 
452 471 
450 469 
436 455 
427 446 

.... 

.- _. 
- ~ 

-_ _. 
746 779 
?43 772 
782 812 
762 790 
760 787 
736 764 
726 753 - __ 
-. __ - .... -- - 
393 385 

.- 
-. -. 
.- _. 
_._ _x -- 
- 
._ -. 

647 --. 
657 68C 
502 -~ 
471 491 
076 
922 -. - . . . . . .  

Ohio Falls 9.10 279 273 257 259 _. -. -. - 
Minimum Lovellrcd SlhW 95 145 194 203 291 339 370 389 400 393 38E 
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Exhibit 6 

Levelired Dollars a1 Various Capacity Factors With SO2 Adders, without COZ Adders, and wilh NOx Adders 

Combined Cyclo GE 7EA CT . InIcrmOdiale Load 
Combined Cycle GE 7FA CT - lnlcrmcdialo Load 
Combinod Cycle 2x1 GE 7FA CT - lnlcrmcdiatc Load 
Combined Cyclc 3x1 GE 7FB CT . lntcrmcdialc Load 
sicmcns SOOOF CC CT . lnlcrmcdialc Load 
Humid Air Tuibino Cycle CT . 366 MW 
Kalina Cycle CC CT .282 MW 
Chcng Cyclc CT - 140 MW 
Pcahing Microluibine . 0 03 MW 
Bareload Microiuibine. 0 03 MW 
Subciiliwl PUIvctizCd Coal .250 MW 
Subcr~lical Pulverized Coal - 500 MW 
Subcrilical Pulverized Coal. High Sulfur. 500 MW 
Circulating Fluidiicd Bod - 250 MW 
Circulating Fluidized Bed. 500 MW 
Supercriliwl Pulverized Coal .500 MW 
Supcrcrilical P~lverizsd Coal High Sullur - 600 MW 
Suporcrilical Pulvenrod Coal - 750 MW 
Supercritical Pulvciizad Coal High Sulfur. 750 MW 
Ptessurizcd FlUidizod Qad Comburtion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcriliwl Pulverized Coal - 500 MW. CCS I Subctiliwl Pulvciircd Coal Hi411 Sullur. 500 MW - CCS 
Circulaling Fluidized Bad - 50oMW. CCS 
Suprr~ritical Pulverized Cool - 500 MW . CCS 
Supeicritiwl Pulverized Coal I i igh SUIIUI- 500 MW . CCS 
Suponriliwl Pulverized Cool - 750 MW. CCS 
Supcrcritical Pulvarircd Coal limb Sullur. 750 MW . CCS 
1 x 1  IGCC-CCS 
2x1 IGCC - CCS 
2x1 IGCC ktigh Sulfur. CCS 
Wind Energy Convemon - 50 MW 
Geolhcrmal - 30 MW 
Solar Photovollaic - 50 kW 
Sdai  Thcrmal Parabolic Trough - 100 MW 
Solar Tliermal Parabolic Dish. 1 2 MW 
Solar Thermal. Conlial Receiver - 50 MW 
SoiaiThcrmal. SolaiChimnc~. 50 MW 
MSW Mass Bum. 7 MW 
RDF Stoker-Fired .7 MW 
Landfill Gas IC Engine. 5 MW I TDF Mulli-Fuel CFB 110% Ca.fircl. 50 MW 
Sewage Sludge B Anaerobic Digcslion . 085 MW 
Bio Mass (Co.Frc) 
Mollcn Caibonatc Fucl Cell. 300 hW 
Sparh Ignition Engine. 5 MW 
HvdiOelsClriC . New. 30 MW 

2007 (SlkW yr) 

128 

159 
119 
95 

178 
133 
113 
97 

125 
124 
1 34 
139 
399 
433 
305 
267 
272 
303 
269 
275 
278 
254 
256 
364 
337 
300 
299 
478 
466 
509 
507 
514 
479 
462 
488 
442 
444 
238 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 
298 
389 
365 
409 

219 

capttat C0*1.LOW 
Heat Ralc- Base 
Fun1 FWOC~SI.  Base Capaclty Factors 
Tcchnolagy 0% 10% 20% 30% 40% 50% 60% 70% 86% 90% 100% 

Lead-Acid Battery Enoigy Sloiago . 5  MW 201 259 317 
Compressed Air Energy Storage. 500 MW 

Pumped Hydro Enorgy Slorage - 500 MW 134 $97 260 -.. __ 

277 
256 
220 
260 
204 
184 
168 
197 
225 
195 
213 
587 
574 
326 
286 
292 
325 
290 
295 
297 
275 
275 
388 
357 
320 
317 
509 
515 
540 
536 
542 
508 
510 
511 
465 
*R6  

311 

395 
398 
344 
341 
276 
255 
238 
268 
325 
257 
287 

715 
346 
310 
312 
346 
312 
315 
317 
295 
295 
413 
376 
339 
335 
539 
544 
571 
565 
569 
537 
537 

._ 

535 
489 

.. 469 
227 216 
439 435 
622 -- 
422 --- 
601 .- 
646 647 
533 533 

1605 1576 
1581 1663 
461 500 
474 496 
623 619 
316 337 
468 547 
474 563 
403 396 

_.. 
.... .-. 

513 631 749 867 985 
535 674 812 951 1090 
489 594 718 843 $88 
423 505 586 668 750 
347 419 490 561 633 
327 398 469 540 611 
309 379 450 521 591 
340 412 483 555 626 
426 527 627 726 829 
318 379 441 502 563 
361 435 509 583 657 
-.. .-. ._ ._ 

656 996 1139 1260 1421 
369 390 411 433 454 
331 352 373 395 416 
332 352 372 392 412 
366 389 411 432 454 
333 355 376 397 419 
335 355 375 395 415 
336 355 375 394 413 
316 336 357 377 398 
314 392 
437 462 486 511 535 
396 415 
359 378 
354 372 
570 GOO 
573 602 
601 632 
594 622 
597 625 
566 595 
565 592 
558 582 
512 536 
511 533 
203 -.- 
431 426 _. - 
_. _.. 

647 647 
532 -- 

1546 1517 
1746 1828 
539 576 
521 544 
615 610 
357 376 
627 706 
652 741 
392 384 

435 
390 
390 
631 
631 
663 
651 
653 
624 
620 
GO5 
559 
556 

421 

- 
.... 

648 

1488 
1910 
618 
567 
606 
398 
765 
83C 

-. 

_. 

455 
417 
408 
662 
660 
694 
680 
680 
653 
647 
629 
563 
578 _. 
4 14 ._ 
._ 
._ 
647 

1459 
1992 
657 
591 
GO2 
415 
864 
919 

-. 

_. 

474 
437 
426 
692 
689 
725 
709 
708 
662 
675 
652 
606 
600 

_.. 
_.. 

1103 
1228 
1092 
831 
704 
683 
662 
698 
929 
625 
730 

1562 
475 
437 
432 
475 
440 
435 
433 
418 
411 
560 
494 
456 
445 
723 
718 
756 
736 
736 
711 
702 
875 
629 
623 

__ 

407 400 - ~. 
._ 
... 
-. .- 
._ _. 
1430 .- 
2075 2167 
696 735 
614 637 
596 589 
435 454 
943 1022 

1008 1097 
I __ 

.- ._. 

1221 133s 
1367 1501 
1217 134: 
913 99! 
775 84i 
754 62! 
732 60: 
770 64' 

686 - 
604 --- 

1703 1842 
497 511 
459 481 
452 47: 
497 511 
462 48: 
455 47! 
452 47 
439 45! 
430 451 

1030 

._ 

-.. _. __ __ 
.... 

753 78, 
747 7 1  
766 81' 
767 79 
764 79 
740 761 
730 75 

_.. 
_. 

-- - . .  
6, 

_. 
_. __ -. 
._. 

.... _. 

._ 
774 -.. 
660 66 
582 
474 49 

1102 
1186 -- ._ 

johio fails9.10 279 273 267 259 ~ - ..- __ - 
Minimum LovoII~ed SlkW 95 168 216 203 333 353 372 392 400 393 38 
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Exhibit 6 

Simple Cyclc GE LM6000 C l  . Peaking Capacily 
Simpio Cycle GE 7EA CT - Peaking Cnpacily 
Simple Cycle GE 7FA CT . Peaking Capacily 
Combined Cyclo GE 7EA CT . lnlcrmcdiale Load 
Camblned Cycle GE 7FA CT - Inlcrmedialc Load 
Combined Cycle 2x1 GE 7FA C l  - Inlcrmedialc Load 
Combined Cycle 3x1 GE 7FB CT. lnlsrmcdialc Load 
Siernons 5000F CC CT . lnlerrnedialc Load 
Humid Air Turbine Cycle CT .366 MW 
Kalina Cyda CC Cl- 262 MW 
Chcng Cyclo C l  - 140 MW 
Peaking Mictolurbinc .O 03 MW 
Baselaad Micioluibinc .O 03 MW 
Subcrilical Pulverized Coal. 250 MW 
Subcritical Pulverized Coal - 500 MW 
subcritical Pulverirod Coal. High Sullur . 500 MW 
Circulsling Fluidized Bod - 250 MW 
Circulating Fluidired Bcd .500 MW 
supercritical Pulvorizcd Coal .500 MW 
Supercritical PuIvel!zed Coal High Sulfur. 500 MW 
Supercrilical Pulvcnzed Coal - 750 MW 
Supcrcmical Pulverized Coal High Sullur . 750 MW 
Pressurized Fluidized Bod Combustion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcritical Pulverized Coal - 500 MW . CCS 
Subcnlical Pulverized Coal. High Sulfur. 500 MW - CCS 
Circulaling Fluidized Bed - 500 MW - CCS 
Supercritical Puiverizcd Coal - 500 MW - CCS 
supcrcrilical PUlVOriled Coal. High Sulfur. 500 MW. CCS 
supcnriticai Pulverized coal - 750 MW - C c s  
supcrmilical Pulvarizcd Coal liigh Sulfui .750 MW . CCS 
1x1 IGCC-CCS 
2x1 IGCC - CCS 
2x1 IGCC Hlgh Sulfur- CCS 
Wind Energy COnvOriiDn .50 MW 
Gcolhcrmd - 30 MW 
Solar PhO1oVolldc - 50 kW 
Solar Thermal Parabolic Trough - 100 MW 
Solar Thermal Parabolic Dish. 1 2 MW 
Solar Thermal Cenlral Roccivet. 50 MW 
Solar Thermal Solor Chimney. 50 MW 
MSW Mass Bum.  7 MW 
RDF Slokci-Fiicd - 7 MW 

Levelired Oollars at Various Capacity Factors With SO2 Adders, without COZ Adders, and with NOx Adders 

Capital coS1-Low 2007 (SlhW yr) 
Hoal Ratc- Bas0 
F u d  ForeecosL- Hlgh 

Pumped Hydro Energy Slorago - 500 MW 
Lcad-Acid Ballcv Energy Sloiagc - 5 MW 201 759 317 . 
Compressed A8r Enorgy Storage. 500 MW 

Capacity Faclors 
0% 10% 20% 30% 40% 50% 60% 10% 80% 90% 100% 

134 197 260 .... ___ ___ Technology 

125 333 . 
159 
119 
95 

176 
133 
113 
97 

125 
124 
134 
139 
399 
433 
305 
267 
272 
303 
269 
275 
275 
254 
256 
364 
337 
300 
299 
475 
486 
509 
507 
514 
479 
452 
466 
442 
444 
238 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 
298 
359 
385 
409 

300 
286 
246 
250 
222 
202 
185 
214 
250 
213 
231 
602 
609 
327 
289 
293 
326 
291 
296 
295 
275 
276 
390 
357 
320 
316 
510 
516 
54 1 
537 
543 
509 
51 1 
513 
467 
467 
227 
439 
622 
422 
601 
646 
533 

1603 
1555 
472 
475 
623 
319 
485 
497 
403 

440 
454 
395 
351 
311 
290 
273 
303 
375 
257 
323 

755 
350 
312 
314 
346 
314 
317 
319 
297 
296 
415 
376 
34 1 
337 
542 
547 
574 
567 
572 
540 
539 
537 
491 
491 
216 
435 

._ 

- - 
.- 
647 
533 
1571 
1672 
522 
500 
619 
339 
566 
609 
395 

_.. ... 
551 
621 
547 
483 
399 
379 
361 
392 
501 
364 
414 

962 
372 
334 
335 
371 
336 
335 

- 

339 
>I* 

.... 
-.. 

722 
788 
695 
565 
485 
467 
445 
461 
627 
441 
506 

1135 
395 
356 
356 
393 
359 

.... 

-. ._ 

562 1003 
956 1123 
646 999 
656 766 
577 666 
556 645 
536 624 
570 660 
752 576 
517 594 
596 690 __ 

1314 1490 
417 439 
378 401 
377 395 
416 439 
351 403 

.._ 

1144 
1290 
1150 
690 
754 
733 
712 
749 

1003 
670 
752 

1665 
462 
423 
419 
461 
426 

.... 
_.. 

1284 
1455 
1300 
991 
843 
622 
500 
535 

1129 
747 
874 

1842 
484 
445 
440 
484 
445 

_.. 

.... 

1425 
1625 
1451 
1093 
932 
910 
555 
927 

1255 
624 
965 

2019 
507 
466 
461 
507 
471 

1566 
1792 
1602 
1195 
1021 
999 
975 

1016 

_. 
_. 
._ 
2195 

529 
490 
452 
529 
493 

359 380 401 422 443 464 465 
359 350 400 420 441 461 451 

_. I 340 361 353 404 426 447 469 
317 95 418 435 458 
441 466 492 517 543 569 
395 419 439 460 480 501 --- -- 
361 362 402 423 443 464 - -  
356 375 394 413 432 451 --. 
574 606 638 670 702 734 766 795 
577 605 636 668 699 729 760 790 

601 630 659 686 717 746 775 804 

606 635 670 703 735 767 799 
595 625 655 658 718 745 779 I 570 601 631 661 692 722 752 753 
566 597 626 654 653 71; 741 769 I 
562 566 611 636 660 655 - -- 
516 540 565 590 614 639 -.- __ 
514 538 561 585 506 631 - 
203 - - 
431 426 421 414 407 6 

._ .- ._ -. 
-. __ _. -. 

.... - ._. _. 
647 647 648 647 -.-- -- -- - 
532 -. .- _. - -.. _. .... 

1540 1505 1477 1445 1414 .-- -~ 
1758 1545 1931 2015 2104 2191 ---- 
572 622 573 723 773 523 873 --- 
524 549 573 595 622 646 671 695 

Bia Mass (Co.Firc) 
Mollen Carbonale Fuel Cell - 300 hW 
Spark fgnilm Engine. 5 MW 
HydroCleCliic - New. 30 MW 

279 273 267 259 .-. __ __ 
Mlnlmum Lcvcllrod SlhW 95 185 216 203 337 357 377 395 400 393 356 

815 610 606 602 596 559 582 -- 
350 380 401 421 442 462 452 
655 783 552 950 1079 1177 1276 
720 532 944 1056 1165 1279 1391 -. 
392 354 ._ -. ___ - I 
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Exhibit 6 

Simple Cycle GE LMGOOO CT . Peaking Capacily 
Simple Cycls GE 7EA CT - Pcakmg Capacily 
Simple Cycle GE 7FA CT . Peaking Capacily 
Combined Cycle GE 7EA CT . Inlclmcdiolc Load 
Combincd Cycle GE 7FA CT - Inlcrmed$illc Load 
Combined Cycle 2x1 GE 7FA CT - lnlermcdialc Load 
Combined Cycle 3x1 GE 7F8 CT . lntcrmcdia1o Load 
siemens 5 0 0 0 ~  cc CT . lntaimcdialc Load 
Humid Air Turbine Cycle CT .366 MW 
Kalina Cycls CC CT .282 MW 
Cheng Cycle CT - 140 MW 
Pcaking Microlurbinc .O 03 MW 
Bareload Miciotuibine .0 03 MW 
Subcritical Pulvcomd Coal .250 MW 
S”bmcnlka1 Pulvcrlicd C o d  - 500 MW 
Subcrilical Pulverized Coal. I-tigh Sullui. 500 MW 
Circulating Fluidizcd Bed . 250 MW 
Circulating Fluldizcd Bed - 500 MW 
supcicnlical Pulwriied Coal . 500 MW 
Supcrciilical Pulvcnred Coal High Sulfur. 500 MW 
Supeicrilical Pulvcrircd Coal - 750 MW 
Supctcrilical Pulvariied Coal High sultur. 750 MW 
Picssuiized FIUldized Bed Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High SuIlur 
Subcntica PUlveiiied Coal - 500 MW . CCS 
Subcritical Pulverized Coal. High Sullur. 500 MW - CCS 
Circulating Fluidizcd Bed. 500 MW - CCS 
Supercrllical Pulvcrl2rd Coal - 500 MW . CCS 
Supcrcrilical Puivcrizcd Coal High Sullui. 500 MW . CCS 
supcrcritical Puiverized coal - 750 MW . ccs 
supercrilical Pulverized Coal I i igh Sullur . 750 MW . CCS 
1x1 IGCC . CCS 
2x1 IGCC. CCS 
2x1 IGCC Wgh Sullur. CCS 
Wind Energy Conversion. 50 MW 
Gcolhcrmal - 30 MW 
Solar Pho1OVOltatc. 50 kW 
Solar Thermal ParabolicTiOugh - 100 MW 
Solar Thoimal Parabolic D l ~ h .  1 2 MW 
Solar Thermal Ccnlral Receiver. 50 MW 
Solar Thermal. Solar Chimney - 50 MW 
MSW Mass Burn. 7 MW 
RDF Stokei-Fired - 7 MW 
Landfill Gas IC Engine. 5 MW 
TDF Multi-Fuel CFB (10% Ca4rel-  50 MW 
sowagc Sludgc 8 Anaerobic Digcslion . 085 MW 
610 M a s  lCo.Firc) 

Spark Ignilion Engine. 5 MW 
Hvdioalaclric - Now - 30 MW 

M O I I C ~  carbonale FUSI cell. 300 kw 

Levelized Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders 

cap1tat C.*1.L.W 2007 (SlkW YO 
Heal Ralc- Hlgh 
Fuel F ~ r o ~ a i l - L o w  Capaclly Factors 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Pumpod ~ y d r o  ~ n c r g y  sioraga - 500 MW l l d  ,9, 1R” .... _. .... .... .... ._. 
Lead-Acid Ballmy Enorgy Sloragc . 5  MW 
Compicssad Air Energy Slaragc . 500 MW 

. - . . -. -. . 
201 259 317 . 
126 

160 

96 
179 
1 34 
114 
97 

126 
126 
134 

400 
436 
305 
267 
272 

269 
275 
278 
254 
256 
364 
337 
300 
299 
478 
486 

120 

140 

303 

509 
507 
514 
479 
482 
488 
442 
444 
238 
443 
622 
421 

645 
533 

1634 
1499 
422 
451 
627 
298 

386 

601 

390 

409 

251 
225 
191 
238 
185 
165 
148 
176 
198 
178 
193 
527 
537 
327 
289 
293 
325 
291 
296 
298 
275 
276 
389 
357 

316 
509 
516 
541 
537 
542 

320 

509 
510 
512 
466 
467 
227 
439 
622 
422 
601 
646 
533 

1583 
449 
475 
623 
318 
447 
449 

1604 

403 

536 

286 

343 
331 
285 
297 
235 
216 
199 
229 

221 
247 

637 
349 
311 
313 
347 
313 
316 
316 
296 
296 
414 
377 

335 
541 
545 
572 
566 
571 
536 
538 

270 

.- 

340 

_.. -. 
... 

434 525 
436 541 
380 475 
356 414 
288 339 
268 319 

281 332 
342 

249 300 

265 
300 _. 
736 
371 
333 
334 
359 
335 
337 
338 
317 
315 
4 3  
397 
360 
355 
572 
575 

596 
599 
568 
567 

604 

560 
514 

.. 512 
216 203 
435 431 - -.. 
I 

.- 
647 647 
533 532 

1575 1545 
1668 1752 
475 502 
499 523 
619 615 
338 358 

512 574 
396 392 

504 560 

413 

353 

839 
392 
354 
354 
391 
357 
357 
358 
336 
335 
464 
417 

373 

605 
635 
625 
626 
598 
595 
585 
536 
535 

426 

3013 

.... 

380 

604 

_. 
- __ 

647 

1515 
1837 
528 
547 
611 
378 
617 
637 
384 

- 

_ _  .... __ .... 

617 706 799 
647 752 657 
569 664 759 
473 532 591 
390 441 493 
370 421 472 
351 402 452 
384 435 487 
485 557 629 
352 395 439 
407 460 513 

940 1040 1141 
__ .._ 

414 436 450 
376 398 420 
375 395 416 
A 1 3  485 487 

379 401 423 

359 380 401 

376 398 419 
377 397 417 

355 395 
489 515 540 
437 

392 
635 
635 
667 
655 
656 
628 
623 
609 
562 
558 

421 

400 

648 

1485 
1921 
555 
571 
607 
398 
674 

._ 

700 ._ 

458 

410 
666 
664 
699 
684 
684 
657 
651 
633 
586 
581 

414 

420 

_. 
._ 
._ 
-. 
647 

1456 

581 
595 

416 
731 
763 

_. 

2006 

602 

-. 

478 

429 
698 
694 
730 
714 
713 
667 
679 
657 
610 

440 

fin4 
._ 
407 ._ ._ - 
... __ 
1426 
2090 
608 
516 
597 
436 
788 
825 

.. 

... 

891 
963 
853 
650 
544 
524 

539 
701 
482 
567 

1242 
480 
442 
436 

445 
439 
437 
422 
414 
565 
498 
460 
447 
729 
724 
762 
743 
74 1 
717 

681 
634 
627 

503 

_.. 

480 

707 

400 _. 
-.. 

.._ 
I 

__ 
2175 
634 
642 

456 
844 
888 

590 

_. .... 
-. 

982 1073 

709 767 

554 fin5 

1056 1173 
948 1043 

595 646 
575 626 

590 M 2  
773 --. 
526 -.- 
620 

1342 1443 

464 485 
457 478 

467 489 

457 477 
444 465 
434 454 

502 523 

502 524 

460 480 

__ 
_. 
-. 

760 792 
754 783 
793 625 
773 802 
770 798 
747 776 
736 754 

- 
__ .. 3 9 ~ , . ,  ...~ 

.~ 36 _. __ 
.-. 

_. 
.- 

.- _. 
661 

563 - 
479 499 
901 
951 

665 fig0 

_. 
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Exhibit 6 

Simple Cycle GE LM6000 CT . Pcahing Capacity 
Simple Cycle GE 7EA CT - Pcuhmg Capacity 
Simplo Cycle GE 7FA CT . Pcahing Capacily 
Combined Cycle GE 7EA CT . lnlcrmediale Load 
Combincd Cyclc GE 7FACT - Inlcrmcdialc Loed 
Combined Cycle 2x1 GE 7FA CT - lnlcrmedialc Load 
Combinod Cycle 3x1 GE 7FB CT . lnlemodialc Load 
Siemens 5OOOF CC CT . lolermcdialc Load 
Humid Air Turbinc Cycle CT .366 MW 
Kalina Cycle CC CT .252 MW 
Chmg Cycle CT .140 MW 
Peaking Micraiuibino .0,03 MW 
Baseload MiClOlUIbine - 0 03 MW 
Subcnlical P ~ l m r i z ~ d  Coal. 250 MW 
Subcrilical Pulverized Coal - 500 MW 
Subcritical Pulverized Coal. ktiyh Sullur. 500 MW 
Circulating Fluidized Bed - 250 MW 
Ciiculsbng Fluidized Bed - 500 MW 
S~por~r i l ical  Pulverized Coal . 500 MW 
Suporcrilical Pulverized Coal High Sullui - 500 MW 
supcrcrilical Pulverized Coal - 750 MW 
Superciilical Pmerized Coal High Sullui .750 MW 
Pressurized FlUidizCd Bod Combustion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcritical Pulverized Coal - 500 MW. CCS 
Subcritical Pulverized Coal. High Sullur. 500 MW - CCS 
Crculaling FlUidiZed Bed .50D MW - CCS 
Supcrcrilical Pulvemod Coal. 500 MW . CCS 
Supcrcrilical Pulvcrized Coal High Sullui .500 MW - CCS 
Supcrcrilical Pulvmzed C o d  .750 MW - CCS 
Supcrcrilical Puivcrized Coal Hioh Sulfur. 750 MW . CCS 
1x1 IGCC . CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullu~. CCS 
Wind Energy ConvcIsion. 50 MW 
Geolhermal .30 MW 
Solar Pholovollvic .50 kW 
SolarTl,eimal PuiabolicTrough. 100 MW 
Solar Thormal Parabolic Dish . 1 2 MW 
Solar Thcrmal Central Rec~ive i .  50 MW 
Solar Thermal Solar Chimney - 50 MW 
MSW Mass B u m .  7 MW 
RDF Stokcr-Fired . 7  MW 
Landfill Gas IC Engine. 5 MW 
TDF MuIII-Fu~I CFB (10% Co4re). 60 MW 
Sewaoe Sludoc 8 Anacrobic Dioeslion . 055 MW 

Levelired Dollars at Various Capacity Factors With SO2 Adders, without C 0 2  Adders, and with NOx Adders 

Capltul CoSl-Law 2007 (SlkW y i )  
Heal Rate-High 
Fucl Foiecasl- S a m  Cilpacily Factors 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 7 Pumped Hydro Energy Sloiago - 500 MW 101 134 (97 76" -.. _. .... ._ 
Lcad.Aod Battery Energy Slarago .5 MW 
Cornprossod Am Encrgy Sloragc .600 MW 

Bio Miss (C<Fire) 
Molten Carbonalc Fucl Cell. 300 hW 
Spark lgni l io~ Engine. 6 MW I Hvdrnslccliic . NPW - 30 MW 

1 28 

150 
120 
96 

179 
134 
114 
97 

126 
126 
134 
140 
400 
436 
305 
267 
272 
303 
269 
275 
275 
254 
256 
364 
337 
300 
299 
475 
486 
509 
507 
514 
479 
452 
455 
442 
444 
238 
443 
822 
421 
501 
645 
533 

1634 
1499 
422 
451 
627 
298 
390 
356 
409 

-.. 
259 317 
222 316 

512 

282 
264 
225 
265 
209 
159 
171 
201 
231 
198 
217 
675 
584 
327 
259 
293 
326 
291 
296 
295 
276 
276 
390 
357 
320 
315 
510 
516 
54 1 
537 
543 
509 
511 

466 
de, 

404 
405 
355 
350 
253 
263 
245 
276 
337 
262 
295 

732 
310 
311 
314 
345 
314 
317 
315 
297 
296 
415 
378 
341 
337 
542 
547 
673 
567 
572 
540 
539 

._ 

_.. 
-.. 

526 
552 
454 
436 
355 
335 
319 
361 
442 
327 
372 

560 
372 
334 
335 
371 
336 
335 
339 
?,R 

... 

... 

645 
696 
513 
521 
433 
412 
392 
426 
545 
391 
449 

1027 
390 
356 
356 
393 
355 
358 

_. 

359 

.- 
I 

770 
540 
743 
607 
507 
457 
455 
501 
653 
455 
527 

1175 
416 
378 
376 
416 
350 
379 

.- 

._ 

592 
984 
572 
692 
552 
552 
540 
576 
759 
519 
604 

1323 
439 
400 
397 
436 
403 

.- 

400 

.- 

1014 
1125 
1001 
778 
656 
635 
614 
651 
564 
583 
681 

1471 
461 
422 
415 
451 
425 
421 

379 390 420 
I I 340 361 352 404 
316 97 
441 466 492 517 543 
395 419 439 460 
361 351 402 422 
356 375 394 412 
573 506 637 669 
577 607 637 558 
605 635 670 702 
597 627 557 657 
601 629 655 687 
570 600 630 561 
568 596 625 654 

537 
491 

561 
515 - 491 614 

227 -2fS.- -203 
439 435 431 
522 .._ .... 
422 
601 - - 
546 647 M 7  
533 533 532 

1602 1569 1537 
1585 1671 1757 
463 505 546 
475 500 524 
623 619 615 
315 339 359 
473 656 639 
479 573 665 
403 395 392 

565 
640 
537 

426 _. 

647 

1504 
1543 
587 
545 
61 1 
380 
722 
760 
354 

__ 

610 
564 
551 

421 
._ 
.... 

645 

1472 
1929 
629 
573 
607 
400 
804 
553 

._ 

_. 

635 
559 
684 

414 

- 
.... 

647 

1440 
2015 

670 
597 
602 
420 
557 
946 

_. 

- 

450 
442 
431 
701 
695 
734 
717 
716 
691 
682 
659 
613 
607 

407 

- 
1407 
2101 

711 
621 
597 
441 
970 

1040 

-. 
.... 

1136 
1272 
1131 
863 
731 
711 
685 
727 
970 
645 
759 

1619 
453 
444 
439 
463 
447 
442 
440 
425 
417 
569 
601 
453 
450 
733 
728 
766 
747 
745 
721 
711 
684 
635 
630 

400 _. 
... 
._ - - 
2187 

753 
646 
590 
461 

1053 
1133 _.. 

_. 
~.. 

1255 
1416 
1260 
949 
806 
756 
752 
502 

1075 
712 
836 

1767 
505 
467 
460 
506 
470 
463 
450 
446 
437 

- 
-.. 
-. 

754 
759 
795 
778 
774 
752 
740 - -_ 
- 
. ... 393 . . . 

- 
- 
-. 
-. 

794 
670 
563 
451 

1136 
1227 -_ 

_. 

1350 
1560 
1389 
1034 
880 
860 
536 
877 

~- 

_. 
1914 
521 
455 
451 
62E 
492 
48: 
451 
46E 
457 
.... 

-. 
__ 

796 
78: 
53' 
50E 
50; 
782 
751 
-.. 
_.. - 

~,. 
-30f _. 
_. 
.-. 

_. 
-.. 

69, 

50; 
- 
_.. 
-.. 
_. 

Ohia Falls 9-10 279 273 267 259 -- - -- - -- .- 
Mlnlrnurn Lcvclized SlhW 96 171 216 203 337 357 377 397 400 393 381 
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Exhibit 6 

~~~ 

Circulating Fluidized Bed. 50oMW. CCS 
Suporcritical Pulverized Coal. 500 MW . CCS 
Supcrcrilical PuiYenzed Coal High Sulfur- 500 MW - CCS 
Supoicrilical Pulverized Coal . 750 MW - CCS 
S~poictilical Pulver8iad Coal High Sultui - 750 MW - CCS 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High SuItu - CCS 
Wind Energy Convemion - 50 MW 
Goothermal -30 MW 
Solar Pholovollaic. 50 hW 
Solar Thermal Parabolic Trough. 100 MW 
Solarihormal. Pvrabolic Dish - 1 2 MW 
Solarihcrmal Cenlial Rcccivci- 50 MW 
Solar Thermal Solar Chimney. 50 MW 
MSW Mess Burn - 7 MW 
RDF Sloher-Fircd .7 MW 
Landlill Gar IC Enginc - 5 MW 
TDF MuIli.Fucl CFB (10% Co-flie). 50 MW 
Sewaoc Sludoe 8 Anaerobic Diocs1ion~ 065 MW 

Levelized Dollars at Various Capacity Factors With SO2 Adders. without COZ Adders, and with NOx Adders 

CJDllal Cost-LOw 2007 ISIXW Y r l  

2x1 IGCC 
2x1 IGCC, High Sullui 
Subcrilical Pulverized Coal. 500 MW . CCS I 6iihcrilical Pulverized Coal. Hioh Sdtui - 500 MW . CCS 

1 213 

150 
120 
96 

179 
134 
1 I 4  
97 

126 
125 
134 
140 
400 
436 
305 
257 
272 
303 
269 
275 
276 
254 
256 
364 
337 
300 
299 
476 

509 
507 
514 
479 
482 

442 
444 

443 
622 
421 
601 
545 
533 

1534 
1499 
422 
451 
627 
298 
390 

409 

486 

488 

238 

386 
403 

233 

307 
295 
253 
265 
227 
207 
169 
219 

214 
236 
611 
521 

290 
294 
327 
292 
297 
299 
276 
277 
391 
358 
321 
319 
511 
516 
543 
536 
544 
511 
512 
514 

258 

328 

468 
458 
227 
439 
622 
422 
601 
545 
533 

1599 
1569 
475 
477 
623 
326 
493 
503 

339 

453 
469 
409 
392 
320 
300 
261 
313 
369 
295 
332 ._ 
805 
352 
314 
316 
350 
316 
319 
320 
299 
298 

360 
343 
339 
545 
549 
576 
570 
574 
542 
542 
539 
493 
493 
216 
435 

418 

.- 
..- 

547 
533 

1554 

528 
502 
519 
34 1 
596 
621 
396 

1680 

I 

-.. 

500 747 

566 723 
495 504 
413 505 

373 465 
406 499 
521 652 
375 455 
429 525 

990 1175 
375 399 
337 360 

374 397 
339 363 
341 363 
342 363 
321 344 
319 340 
444 471 
401 423 
364 385 
359 378 
578 612 
561 612 
610 543 
501 533 
505 535 
574 605 
572 502 
555 591 
519 545 
517 542 
203 -. 
431 426 

644 819 

392 485 

.... 

338 350 

-.. .- __ -. 
-. 

547 647 
532 -- 

1530 1495 
1770 1851 
581 634 
528 553 

353 384 
700 803 

615 611 

738 65f 
392 364 

- 
... 

893 

879 

598 
578 

784 

993 

711 

557 
593 

535 
52 I 

1359 
422 

362 
421 

365 

366 

496 
444 
406 

645 
544 
677 
654 
655 
637 
632 
615 
570 
566 

421 

383 

386 

384 

-362 

398 

- 
648 

1460 
1951 

579 
607 
405 
906 
973 

._ 

585 

-. 

. 

1040 

1036 

591 
671 
549 
566 
916 
516 
7$7 

1544 
445 
407 
403 
445 
409 
407 
405 
369 
363 
525 
455 

418 
576 
576 
711 
696 
595 
659 
562 
642 
596 
590 

414 

$168 

817 

._ 

428 

.... 

I 

..- 

547 

1425 
2042 

739 
604 
602 
427 

1009 
1091 

.- 

.- 

.- 

... .... ._. 

1187 1333 1480 1627 
$343 1517 1692 1867 
1193 1349 1506 1653 
923 1030 1136 1242 
784 677 970 1062 

742 634 926 I018 
779 873 966 1059 

764 857 949 1042 

1047 1179 1311 ..-- 
696 777 857 
813 90s 1006 

1726 1913 2098 2282 
_. 

459 492 515 539 
430 453 477 500 
425 447 469 491 
458 492 515 539 
433 455 480 $03 
429 451 473 495 

411 434 458 479 
4DJ 425 445 467 

427 448 469 490 

551 578 
487 506 .-- 
438 458 
712 745 778 812 
707 739 771 no2 

725 755 785 8 1 ~  

449 470 -.-- 

744 776 511 LM5 
727 759 790 522 

700 732 763 796 
692 722 752 761 
666 593 
622 547 --- -- 
615 539 -- 

.._ - 
._. 

-. - -.. - - ..- 
1390 __ -. __ 
792 845 898 -- 

597 $90 583 

2132 2223 -- -.. 
630 655 681 70F 

449 470 491 51: 
1112 1216 1319 - 
1208 1325 1443 -- 
.- - -.. ._ 

Miss  ( C o k ? )  
Molten Carbonela Fuel Ccll - 300 kW 
Spark Ignition Engine. 5 MW 
Hydroc lc~ t i i~  - New. 30 MW 
Oliio Falls 9.10 279 273 257 259 -. .- ~- __ - 

Mlnlmum Lovelized SfhW 96 189 215 203 340 362 383 404 400 393 3m 
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Exhibit 6 

Levelized Dollars at Various Capacity Faclors With SO2 Adders, withoui COZ Adders, and wilh NOx Adders 

Capllill Co51- Bnso 
Heal R a l d o w  
Fuel ForCcasl-Low Cilpaclly Faclom 

2007 (SlkW yr) 

Technology 9% 10% 20% 30% 40% 59% 60% 70% 80% 99% 199% 
Pumped Hydra Energy Sloiayc - 500 MW 147 210 273 -.. I - 
Lcad.Aad Bailcry Eecryy Slorayo - 5 MW 771 ?K 
Compias~cd Air Enciyy Sloiagc . 500 MW 

Simple Cyclc GE LM6000 CT . Peaking Capacily 
Simple Cycle GE 7EA CT - Peaking Capacily 
Simplo CyClc GE 7FA CT . Peaklng Capacily 
Combined Cycle GE 7EA CT . lnlcrmadialc Load 
Combinod Cycle GE 7FA CT . lnlcmcdialc Load 
Combined Cyclo 2x1 GE 7FA CT - Inlcmcdialc Load 
Combined Cyclc 3x1 GE 7FB CT . lnlcrmcdialc Load 
SiOmmS 5000F CC CT . lnlormcdiatc Load 
Humid Air TUrbinO Cycle CT . 366 MW 
Kalina Cycle CC CT .282 MW 
Chcnp Cycio CT - 140 MW 
Peaking Micralurbine - 0 03 MW 
Bareload Micinlurtinc . 0 03 MW 
Subcritical Pulvenzcd Coal. 250 MW 
SUbCiiliCal Pulverized Coal - 500 MW 
Subcrilical Puivcrizsd Coal. High Sulfur. 500 MW 
Circulating Fluidized Bad . 250 MW 
Circuialiny Fluidized Bed - 500 MW 
Supcrciillcai Pulverized Coal .500 MW 
Supcrcnlical Pulverized Coal Hiyh Sullur. 500 MW 
Supercrllical Pulverized Coal. 759 MW 
SupcicriUcal Pulverized Coal High Sullui. 750 MW 
Pressurized FluMized Red Combuslion 
1x1 IGCC 
2x1 IGCC 

Supc~crIlIcaI Pulverized Coal - 500 MW . CCS 
SupcicriliWl Pulvcrizcd Coal High Sullur . 500 MW . CCS 
Supcrciilicai PUIvOnmd Coal .750 MW - CCS 
Supcrcf l i~?l  Pulvcilrcd Coal High Sullur - 750 MW . CCS 
1x1 IGCC . CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullur. CCS 
Wind Encryy C O ~ V B D ~ O ~ .  50 MW 
Geolharmal .30 MW 
Solar Pholovollaic .50 kW 
S~lalThcrmal Parabolic Trough - 100 MVV 
Solar Thermal Parabolic Dish. 1 2 MW 
SoiaiThermal Ccnlral Receiver- 50 MW 
Solar Thermal Solar Chimncy - 50 MW 
MSW Mars Bum. 7 MW 

140 216 

171 
127 
i o1  
190 
143 
121 
103 
133 
131 
144 
151 
421 
453 
331 
291 
297 
330 
293 
299 
303 
277 
280 
412 
368 
327 
327 
524 
532 
532 
531 
538 
501 
505 
510 
462 
464 
259 
464 
766 
506 
734 
771 
646 

1741 
1665 
455 
469 
693 
324 

337 
292 

256 
225 
189 
244 
190 
166 
149 
160 
196 
184 
200 
540 
545 
351 
311 
316 
350 
313 
316 
321 
296 
296 
435 
386 
345 
344 
553 
559 
561 
558 
564 
528 
531 
532 

342 
323 
277 
297 
237 
215 
196 
227 
262 
223 
248 

637 
371 
331 
335 
370 
333 
336 
339 
316 
316 
458 
405 
364 
361 
582 
587 
590 
585 
590 
556 
557 
554 

__ 

506 
508 

246 237 
480 476 
766 - 
507 -- 
734 
772 773 
646 646 

1717 1694 
1742 1819 
476 502 
511 533 
669 685 

484 
"as 

342 361 
514 566 
*17 42-4 

__ 
... 

427 
421 
365 
351 
283 
261 
242 
274 
327 
263 
297 

726 
391 
351 
354 
391 
353 
355 
358 
335 
334 
461 
423 
362 
376 
610 
614 
619 
612 
617 
583 
583 
576 
528 
527 
226 
472 

773 
M 5  

1670 
1696 
525 
555 
680 
379 
618 
570 
456 

... 

... 

512 
519 
453 
406 
330 
308 
288 
321 
393 
303 
346 

820 
411 
371 
373 
411 
373 
374 
376 
354 
353 
504 
442 
400 
395 
639 
642 
648 
639 
643 
610 
609 
598 
550 
546 

467 

... 

... 

_. 
.~ 
-. 

773 

1646 
1973 
549 
576 
676 
397 
669 
627 
449 

-.. 

- 
- 

598 
617 
54 I 
458 
377 
355 
335 
366 
456 
343 
395 

912 
431 
391 
391 
431 
393 
393 
394 
374 
37 1 
527 
460 
419 
413 
668 
659 
677 
666 
669 
637 
635 
621 
573 
569 

462 

_. 

_. 
.- 
_. 
_. 

774 

1622 
2050 

572 
596 
672 
416 
721 
684 

._. 

- 

- 
..- 

683 
715 
629 
512 
424 
402 
381 
415 
524 
382 
443 

1004 
452 
411 
410 
451 
413 
411 
412 
393 
389 
550 
479 
437 
430 
697 
696 
706 
693 
695 
665 
661 
643 
595 
590 

456 

.._ 

_. 
._ ~- 

774 

1599 
2127 

596 
620 
667 
434 
773 
740 

._ 

768 
813 
717 
566 
471 
449 
428 
462 
569 
422 
492 

1095 
472 
431 
429 
471 
433 
430 
431 
412 
407 
573 
497 
455 
447 
726 
724 
735 
721 
721 
692 
667 
665 
617 
611 

449 

.- 

- 
... 
.._ 
- 
-- 
1575 
2204 
619 
642 
662 
452 
625 
797 - 

... 
_.. 

854 
911 
605 
619 
516 
496 
474 
509 
654 
462 
541 

1187 
492 
451 
448 
492 
454 
449 
449 
431 
425 
597 
515 
473 
464 
755 
751 
765 
748 
748 
719 
713 
667 
639 
632 

442 

- 

_.. 
-. 

__ __ 
2281 

643 
664 
655 
470 
877 
854 _. 

-.. ._. 

939 1024 
1009 1107 
893 961 
673 727 
564 611 
542 589 
520 567 
556 603 
720 .--- 
602 -- 
590 -- 

1279 1371 
512 532 
471 491 
467 466 
512 532 
474 494 
466 486 
467 465 
451 470 
443 462 

.- ._ 

..- 
_.. .... 
-.. 

763 612 
776 606 
794 823 
775 802 
774 600 
747 774 
739 765 - 
-.. - 
-.. __ _. .-;lj5.-.~ ~.. 

.. 428 
-. 

-. 
_.. __ 

-- __ - -~ 
666 
685 707 
648 
489 507 
929 -- 
910 - 
-. _. 

IMoIIcn Caibonalc'FueI Cell. 300 kW 462 
Spark lynilion Engine. 5 MW 
tlydinclcclric. NOW - 30 MW 473 467 462 ~~ 

Ohio Falls 9-10 293 287 281 273 .._ - __ 
400 

Minimum Lcvelizad SlkW 101 149 196 225 268 335 381 407 425 435 428 
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Exhibit 6 

Subnrciilical Piverizad Coal High Suliur .750 MW - CCS 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High SuIiur- CCS 
Wind Enorgy Conversion - 50 MW 
Gaolhcimal .30 MW 
Solar Pholovollaic - 50 kW 
Solar Thcrmal Parabolic Trough. 100 MW 
Solar Thcrmol. Parabolic Dish - 1 2 MW 
Solar Thcrmal Cenlral Rcccivor. 50 MW 
Solar Theimul Solar Chimney. 50 MW 
MSW Mass Burn. 7 MW 
RDF Sloher-Fiicd - 7 MW 
Landfill Gar IC Enginc - 5 MW 
TDF MuIl,.Fucl CFB (10% Co-lire) .SO MW 
Sewage Sludgc 8 Anaerobic Digaslion . 085 MW 
Bio Mass (Co-Fire) 
Mollcn Carbonelo Fuel Cell - 300 kW 
Spark lqnilion Engine. 5 MW 
Iivdroolcctic - New. 30 MW 

Levelired Dollars at Various Capacily Factors Will1 SO2 Adders. without COZ Adders. and with NOx Adders 

Cupllal co51- Bas0 
Heal Rate-Low 
Fuel Forecost- Base Capaclly FUCIOIS . 

2007 WhW yt) 

Technology 0% 10% 20% 38% 48% 60% 68% 78% 80% 90% 100% 
Pumpcd Hydra Enorgy Sloragc .SO0 MW 147 210 273 .... - .... -. 
Lcad.Acid Ballcrv Encrav Sloraoc .5 MW 221 279 

I _I " 

Camprcsscd Air Energy Slarago - 500 MW 

Simple Cyclc GE LM6000 CT - Pcakinq Capacil) 
Simple Cycle GE 7EA CT . Peaking Capacily 
Simple Cycle GE 7FA CT - Pcahinq Capacily 
Combined Cycle GE 7EA CT - lnlcrmcdialc Load 
Comblned Cycle GE 7FA CT . lolcrmcdialc Load 
Combined Cycle 2x1 GE 7FA CT . Inlormediulc Load 
Combined Cycle 3x1 GE 7FB CT - Inlcrmcdiale Load 
Sicmcnr 5OOOF CC CT - lnlcrmedialo Load 
Humid Air Turbine Cycle CT - 366 MW 
Kalina Cyclc CC CT - 282 MW 
Chenq Cycle CT . 140 MW 
Peaking MiCroiUibine . 0 03 MW 
Bascload Microlurbme - 0 03 MW 
Subcrilical Pulveiizcd Coal - 250 MW 
Subculinlicai Pulvewad Coal. 500 MW 
Subcii l iol Pulverized Coal. High Sullur - 500 MW 
Circulalinq Fluidized Bod . 250 MW 
Circulating Fluidized Bed. 500 MW 
Superciiliol Pulverized Coal . 500 MW 
Supercrilical Pulverized Coal. High SUliUr . 500 MW 

ICirculaling Fluidized Bcd . 5QoMW. CCS 

140 

171 
127 
181 
190 
143 
121 
103 
133 
131 
144 
151 
421 
453 
331 
291 
297 
330 
293 
299 
303 
277 
260 
412 
368 
327 
327 
524 
532 
532 
531 
536 
501 
505 
510 
482 
464 
259 
484 
766 
506 
734 
771 
646 

1741 
1665 
455 
469 
693 
324 
482 
400 

229 

284 
260 
228 
268 
21 1 
189 
170 
201 
227 
202 
221 
582 
587 
351 
311 
316 
351 
313 
318 
322 
297 
298 
435 
387 
346 
344 
553 
560 
562 
559 
565 
529 
531 
532 
484 
465 
248 
480 
766 
507 
734 
772 
646 

1715 
1743 
492 
511 
669 
343 
537 
485 

319 

396 
394 
340 
346 
279 
257 
238 
270 
323 
261 
292 

722 
372 
332 
335 
371 
334 
337 
340 
316 
317 
459 
406 
364 
362 
583 
586 
591 
586 
591 
656 
558 
555 
507 
507 
237 
476 

- 

.- _ 
773 
646 

1669 
1822 
529 
534 
685 
361 
613 
569 

337 ~. _. 
... __ 
511 624 
527 660 
459 578 
424 502 
347 415 
325 393 
305 372 
336 406 
419 514 
319 370 
362 433 

856 991 
392 413 
352 372 
355 374 
392 412 
354 375 
356 375 
359 377 
336 356 
335 354 
482 506 
424 443 
363 402 
379 396 
612 641 
615 643 
621 650 
614 641 
618 645 
584 612 
564 611 
577 600 
529 552 
628 550 
226 --- 
472 467 

... _.. 

_.. -. 
_.. -. 
.. __ 

773 773 
645 -. 

1663 1637 
1900 1979 
568 603 
556 578 
680 676 
360 399 
688 764 
654 736 
456 449 

.-. 

736 
794 
698 
580 
463 
461 
440 
475 
610 
436 
503 

1125 
433 
392 
393 
433 
395 
394 
396 
375 
372 
529 
462 
420 
414 
670 
67 I 
680 
669 
671 
640 
637 
622 
574 
57 1 

462 

.-. 

_. 
.-. 

774 

1611 
2057 
639 
600 
672 
417 
839 
623 

._ 

.- 

._ 

651 
927 
817 
658 
551 
529 
507 
543 
706 
494 
574 

1280 
454 
413 
412 
453 
415 
413 
414 
395 
391 
553 
481 
439 
431 
700 
699 
709 
696 
888 
667 
663 
645 
597 
592 

456 

._ 

... 

- __ 
._ 
774 

1565 
213C 
676 
623 
667 
436 
916 
907 

- 

_. 

._ 

984 
1060 
936 
736 
619 
597 
574 
612 
802 
553 
644 

1394 
474 
433 
432 
474 
436 
433 
433 
414 
408 
576 
500 
458 
449 
729 
727 
739 
724 
724 
695 
690 
667 
619 
614 

449 .._ ._ 
-. - 
1559 
2214 
713 
645 
662 
454 
990 
992 ._ 

.-. 
_.. 

1078 1191 
1194 1327 
1056 1175 
614 892 
687 755 
665 733 
642 709 
660 748 
698 994 
611 670 
715 765 _. .__ 

1526 1663 
494 515 
453 474 
451 470 
494 515 
456 477 
452 471 
451 470 
434 454 
428 446 
599 --.. 
516 -.. 
476 
466 -- 
758 787 
755 762 
766 798 
751 779 
751 776 
723 751 
716 743 
690 - 
642 -.- 
635 -- 

- 

.... 
_. 

_. 
.._ -.. 
2293 
750 767 
667 689 

473 492 
1066 1141 
1077 1161 

655 648 

- 

_. 
.-. 

1304 
1460 
1294 
97c 
822 
601 
77E 
817 
_.. 
_.. 
-.. 

1797 
53: 
4% 
48s 
53: 
4% 
49C 
461 
47: 
46L __ 
-.. 

817 
811 
821 
801 
601 
771 
761 __ 
-. 
- . 
,421 

._ 
_. 
_.. 
-.. 
_. 

71' 

511 - 
.... 
_. 473 467 462 

(Oiio Falls 9.10 293 287 281 273 ..- __ -.. __ 
Mlnlmum Lcvollrcd SJhW 101 170 237 225 354 372 391 409 428 435 421 

Gancrvlian Plannlnq 



Exhibit 6 

Levelired Dollars at Various Capaciiy Faciors With SO2 Adders, without COZ Adders, and wiih NOx Adders 

capitat co51- Base 
Heat R m - L o w  
Fuel Fo~ccas l -  High 

2007 (SlkW yr) 

Capvclly Factors 
Tcchnology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Pumpod Hydra Energy Storago. 500 MW 147 210 273 .._ 
Lead-Acid Ballcm E n c m ~  Sloiam. 5 MW 
ComprrsscdAirEocrg;Storagc- ~CJOMW 

Simple cycle GE LM60nn CT . Peaking Capacity 
Simplc Cycle GE 7EA C i  . Peaking Capacity 
Simple Cycle GE 7FA CT . Peaking Capacity 
Combined Cyclc GE 7EA CT - Inlcrmodialc Load 
Combined Cycle GE 7FA CT - lnlcrrnediatc Load 
Camblnod Cycle 2x1 GE 7FA CT . Intermadiulc Load 
Combined Cvcle 3x1 GE 7FB CT . inlermcdiale Load 
Siomcns 50dOF CC CT . lnlcrmedivlc Load 
Humid Air Turbine Cycle CT .366 MW 
Kaline Cycle CC C i  .262 MW 
Chcng Cycle CT . I40 MW 
Peaking Micralurbinc . 0 03 MW 
Basclaad Mlciolubinc . 0 03 MW 
Subcritical Pulverized Coal - 250 MW 
Subcriliul Pulvcrirod Coal - 500 MW 
Subcritical Pulverized Coal. High SUllUr - 500 MW 
Circulating Fluidized Bad - 250 MW 
Clrculeling Fluidized Bad. 500 MW 
Supercritical Pulverized Coal. 500 MW 
Supercritical Pulvciired Coal High Sulfur. 500 MW 
Supeicnlical Pulvcrmd Coal - 750 MW 
Supcrcnliwl Pulverized Coal High Suliur - 750 MW 
Pressurized Fluidized Bad Combuslion 

Subcritical Pulvorized Coal. High Suliur .500 MW . CCS 
Circulating Fluidized Bed - 500 MW . CCS 
Supercrilivl Pulverized Coal - 500 MW . CCS 
Supotciilical Pulverized Coal High Sullui - 500 MW. CCS 
Swetcdlicai PoI~enzad Coal - 750 MW. CCS 
Su&hrilical Pulverized Coal kligh Suilur. 750 MW . CCS 
1x1 IGCC - CCS 
2x1 iGCC - CCS 
2x1 IGCC. High SUIIUI-  CCS 
Wind Encrw ConveRion .50 MW 
Goothermi-  30 MW 
Solar Pholovallaic . 50 kW 
S~laiThermal PaiabolicTiough. 100 MW 
Solar Thermal Parabolic Dish - 1 2 MW 
Solar ihermvl Central Receiver - 50 MW 
Solar Thermai Solar Chimney. 50 MW 
MSW Mass Bum. 7 MW 
RDF Stoker-Fired .7 MW 
Landfill Gas IC Engine. 5 MW 

Sewagc Sludge B Anaerobic Digestion. 085 
Bio Mars (Co-Fire) 
Molten Carbonale Fuel Coli - 300 kW 
Spark lgoilion Engine. 5 MW 
HYdrmlcclric . New - 30 MW 

TDF M~II~.FU~I CFB (10% CO-fire) .50 MW 
i MW 

221 
140 

171 
127 
101 

143 
121 
103 
133 
131 
144 
151 
421 
453 
331 
291 
297 
330 
293 
299 
303 
277 

412 
368 
327 
327 
524 
532 
532 
531 
538 
501 
505 
510 
462 
464 
259 
464 
766 

734 
771 
646 

1741 
1665 
455 
489 
693 
324 
462 
400 

1 90 

280 

506 

279 
240 

306 
268 
245 
267 
226 
205 
187 
216 
251 
217 
236 
615 
621 
352 
312 
317 
352 
314 
319 
322 
298 
299 
436 
386 
347 
345 
555 
561 
563 
560 
566 

533 
534 
485 
486 
246 
480 
766 
507 
734 
772 
646 

1713 
1747 
502 
512 
669 
344 
556 
506 

530 

337 
340 

442 
448 
389 
384 
312 
290 
270 
303 
370 
290 
325 

768 
374 
334 
337 
373 
336 
339 
342 
316 
319 
461 
407 
366 
363 
565 

594 
569 
593 
559 
550 
557 
509 

237 
476 

590 

511s 

.- 

..- __ 
773 
646 

1684 
1830 
550 
536 
865 
363 
650 
613 

-.. 
_. 

577 
609 
533 
481 
397 
374 
354 
366 

363 
413 

956 
395 
355 
357 
395 
357 
359 
361 
339 
338 
465 
427 
386 
362 
616 
619 
624 
616 
621 
566 
588 
581 
533 
531 
225 
472 

490 

-.. 

- 
-.. 

773 
545 

1656 
1912 
597 
559 
680 
383 
743 
719 

.... 

712 
770 
677 
577 
461 
459 
437 
472 
610 
4?6 
501 

1124 
417 
376 
377 
416 
379 
379 
381 
359 
357 
510 
446 
405 
400 
646 
646 
655 
646 
649 
617 
615 
604 
556 
553 

467 

- 

-. 
- 
_. 

773 

1626 
1995 
644 
583 
676 
402 
837 
625 

._. 

646 
930 
621 
674 
566 
543 
52 1 
557 
729 
509 
588 

1292 
436 
397 
398 
438 
400 
399 
400 
380 

534 
466 
425 
416 
677 
677 
668 
675 
677 
646 
543 
628 
580 
576 

462 

-377.- 

-. 

.- 

._. 
774 

1600 
2077 
692 
606 
672 
422 
93 1 
931 

.... 

963 
1091 
965 
771 
650 
827 
605 
642 
849 
562 
676 

1459 
459 
419 
418 
459 
421 
419 
420 
401 

-396 
559 
486 
444 
436 
708 
706 
717 
704 
704 
E75 
670 
651 
603 
598 

456 
... 

__ 
..- 
..- 

774 

1571 
2160 

739 
629 
667 
441 

1025 
1038 

.- 

.- 
... 

1116 
1252 
1109 
666 
735 
712 
688 
727 
968 
654 
763 

1627 
481 
440 
438 
481 
443 
439 
439 
421 
416 
583 
505 
464 
454 
736 
735 
748 
733 
732 
704 
698 
675 
627 
620 

449 
__ 
- 
._ 
._ 
- 

1543 
2242 

766 
653 
662 
461 

1119 
1144 

1254 
1412 
1253 
965 
619 
796 
772 
812 

1066 
727 
651 

1795 
502 
461 
456 
502 
464 
460 
459 
442 
435 
608 
525 
483 
473 
769 
764 
779 
762 
760 
734 
725 
698 
650 
643 

442 

-.. 

-. 

.... 
-. - 
2325 

834 
676 
655 
460 

1213 
1250 

.... 

1389 
1573 
1397 
1062 
904 
680 
656 
697 

1206 
800 
936 

1963 
524 
463 
478 
524 
486 
480 
476 
463 
454 

_. 

..- 
_. 
_- 

799 
793 
609 
791 
768 
753 
753 

-~ 
- 435- ._ 
.... 

__ 
_. 
.- 

661 
699 
646 
500 

1306 
1356 

1524 
1734 
1541 
1158 
989 
965 
939 
982 

-.~ 
-. 
.-. 
2130 

545 

496 
545 

500 
497 
463 
474 

504 

507 

-_ 
.... 

830 
823 
840 
619 
615 
792 
760 -. 

-. . . 
,428. ._ 
._ 

._. - - - 
722 

519 
-.. 

_. 
-. 

473 467 462 456 449 ._ --.. __ _. 
loh io  F~IIS 9-10 293 287 201 273 - -- ..- __ _. -. 

Mlnlrnum Lavollzcd S1hW 101 167 237 225 357 377 396 416 435 435 428 
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Exhibit 6 

S"pcicnlical Pulverized Coal High Sullui . 750 MW 
Pressurized FlUidizcd Bed Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sullur 
SUbCiilicaI Pulverized Coal - 500 MW - CCS 
Subcr i lm Pulverized Coal. Wgh Sullur. 500 MW . CCS 
Circulaling Fluidiiod Bed. 500 MW - CCS 
Supeicrillcal Pulverized Coal. 500 MW - CCS 
S~pcrcii l ical Pulvoiircd Coal High Sulfur. 500 MW . CCS 
Supcrcrilical PulVCrized Coal. 750 MW - CCS 
Supercnli&~l Pulverized cool High Sultur - 750 MW. CCS 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC. High Sullui-CCS 
Wind Energy Conversion. 50 MW 
Gcolharmal .30 MW 
Solar PholovOllaic .50 kW 
Solar Thcrmal. PaiabolicTrough - 100 MW 
Solar Tliermal Parabolic Dish. 1 2 MW 
Solat Thermal Ccnlnl Rccslvcr. 50 MW 
SolalThcrmal. Solar Chimncy - 50 MW 
MSW Mesa Bum. 7 MW 
RDF Sloker-Fired .7 MW 
Landfill Gas IC Engino .5 MW 
TDF MuIli.Fuel CFB (10% Co.firc) - 50 MW 
Scwapc Sludge 8 AnaOlObic Digoslion - 085 MW 
010 Mass (Co.Fira) 
Mollcn Carbmalc f u d  Cell .300 kW 

Levelired Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders 

Capllal co51- Base 2007 (SlkWyr) 
H m l  Rate- Base 
Fuel Fmm.~asI.L~w Capaclly Fiiclois 

Pumvcd klvdro Encrw Sloiam - 500 MW 147 210 273 - 
Technology 0% 10% 20% 30% 40% 50% 50% 70% 80% 90% 100% 

Lead-Acid Emory  E&gy Slaiago - 5 MW 
Compressed Air Energy Storage. 500 MW 

Simple Cycle GE LM6000 CT . Peaking Cepacily 
Smplc Cycle GE 7EA CT - Peaking Capacity 
Simple Cyclc GE 7FA CT . Peaklog Capacily 
Combined Cycle GE 7EA CT . lnlcrmcdialc Load 
CombinEd Cycle GE 7FA CT . Inlcrmediale Load 
Combinod Cyclc 2x1 GE 7FA CT - lnlermcdialc Load 
Combined Cyclc 3x1 GE 7FB CT . b l ~ m ~ d d i a l o  Lood 
Sicmcns 5000F CC CT. lnlermcdiale Loa@ 
Humid Air Turbine Cycle CT . 366 MW 
Kalina Cycle CC CT - 282 MW 
ChcngCycleCT-14OMW 
Peaking Microturbine - 0 03 MW 
Bascload Micioluiblnc .O 03 MW 
Subcriliwi Pulverized Coal. 250 MW 
Subciilical Pulverized Coal - 500 MW 
Subcrillcal Pulverized Coal. I-ligh Sullur . 500 MW 
Circulating Fluidized Bed. 250 MW 
Circulaling Fluidized Bed - 500 MW 

221 
140 

172 
128 
102 
191 
144 
122 
104 
134 
132 
145 
151 
422 
456 
331 
291 
297 
330 
293 
299 
303 
277 
280 
412 
358 
327 
327 
524 
532 
532 
531 
535 
501 
505 
510 
462 
464 
259 
484 
766 
506 
734 
771 
646 

1741 
1665 
455 
489 
693 
324 
463 

279 
217 

260 
229 
193 
247 
193 
171 
152 
163 
201 
157 
202 
545 
552 
352 
312 
317 
351 
314 
319 
322 
297 
299 
436 
387 
346 
345 
554 
561 
562 
559 
565 
530 
532 
533 
455 
456 
248 
450 
766 
607 
734 
772 
646 

1714 
1746 
480 
512 
689 
343 
517 

337 
295 

348 
331 
285 
303 
242 
220 
201 
233 
269 

253 

648 
373 
333 
335 
372 
335 
338 
34 1 
317 
318 
460 
407 
365 
363 
584 
589 
593 
588 
593 
558 
559 
556 
505 
508 
237 
476 

226 

.... 

..- __ 

.- 
773 
646 

1657 
1827 
505 
535 
685 
362 
572 

... 

.- 

... 

436 
432 
376 
360 
291 
269 
249 
252 
338 
270 
304 

745 
394 
354 
356 
394 
356 
358 
360 
338 
337 
484 
426 
384 
381 
614 
615 
623 
616 
520 
587 
556 
579 
531 
530 
225 
472 

... 

_. 
_.. 
... 

773 
645 

1661 
1907 
530 
558 
65 1 
382 
626 
551 

... __ 

... 

524 
533 
457 
416 
340 
318 
298 
331 
406 
311 
355 

84 1 
415 
375 
376 
415 
377 
378 
379 
358 
356 
505 
445 
404 
395 
644 
646 
653 
644 
647 
615 
613 
602 
554 
562 

467 

_.. 

-. 

773 

1634 
1985 
555 
551 
676 
401 
650 
64 1 
449 

- 

._. 
- 

612 
635 
559 
472 
390 
367 
345 
380 
475 
353 
406 

937 
436 
396 
395 
436 
398 
397 
399 
376 
375 
532 
464 
423 
416 
674 
675 
663 
672 
674 
644 
640 
625 
577 
574 

462 
_. 
_. 
-. 
-. 
774 

1607 
2069 

580 
604 
672 
420 
735 
700 

.- 

.- 

._ 

700 
736 
550 
528 
439 
416 
395 
430 
514 
395 
4 57 

1033 
457 
417 
415 
457 
419 
417 
415 
395 
304 
556 
484 
442 
434 
704 
704 
714 
701 
702 
672 
667 
648 
600 
596 

456 

__ 

... 

.._ 

... 

774 

1550 
2150 
605 
627 
665 
439 
789 
760 

- 

.-. 

._ -.. 
- 

788 576 
837 039 
741 833 
584 640 
485 637 
465 513 
443 492 
479 528 
612 651 
436 478 
508 559 

1129 1225 
478 499 
435 459 
435 454 
478 499 
440 461 
435 455 
437 456 
415 435 
413 432 
580 604 
503 522 
461 480 
452 470 
734 764 
732 761 
744 774 
729 767 
729 755 
701 729 
695 722 
671 695 
623 647 
615 640 

..- - 

_.. 
... 

964 
1040 
924 
697 
556 
562 
540 
578 
749 
519 
610 

1322 
520 
450 
474 
521 
482 
476 
475 
459 
451 

-.. 
- 

794 
789 
805 
768 
784 
756 
749 - 

.-. 

.- 

1052 
1141 
1015 
753 
635 
611 
585 
627 

__ 
-.. 

141f 
54 1 
501 
494 
542 
50: 
49' 
494 
475 
471 __ __ 
- 

825 
511 
83: 
8 l i  
81' 
781 
771 _.. - 

__ _. - - - 
449 442 435 421 

.... - __ 
_. ..- _. _.. - 
1553 - 
2231 2312 
630 555 680 -- 
650 672 695 711 
883 6% Sd9 . . . -. . . . 
458 477 497 511 

Spark lgnilion Engine. 5 MW 402 462 521 
HydroMeclric- New- 30 MW 473 467 462 455 
Ohlo Fvllr 9-10 293 257 261 273 .- .... - -~ - 

Minimum Levcllzcd SlkW 102 152 201 225 298 346 394 413 432 435 421 

643 595 952 - 
520 879 939 - 
.._ - .... - 
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Exhibit 6 

Levelired Dollars at Various Capacity Factors With SO2 Adders, without COZ Adders, and with NOx Adders 

Citpltal cast- Base 
Heat Rule- Eilsc 
Fuel F ~ i e ~ ~ ~ l - H l g h  Capacity Faclorg 

Pumocd HVdm Enomv Staraoc .SO0 MW 147 210 273 - -.. .__ __ .... ___ .-. 

ZOO7 (SIhW yr) 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 80%' 90% 100% 

Lcad.Acid Ballcry E&gy S l i a g c  .5 MW 
Comprosscd Air Energy Storagc - 500 MW 

Simple Cycle GE LM6OOO CT - Peaking Capacity 
Simple Cycle GE 7EA CT . Poaklng Capacily 
Simple Cycle GE 7FA CT - Peaking Capacity 
Combined Cycle GE 7EA CT - lnterrncdialc Load 

b e a k n o  Microlurbinc . O  03 MW 
Baraload Mieioturtinc - 0 03 MW 
S~bciilical Pulvciizcd Coal - 250 MW 
Subcnlical Pulveiized Coal .500 MW 
SUbCritical PUlvcrized Coal High Sulfur. 500 MW 
Circulaling Fluidized Bed. 250 MW 
Circulaling FIUidmd Bed. 500 MW 
Suparcalical Pulverized Coal 500 MW 
Suporcrilical Pulvcrircd Coal High Sullui .SO0 MW 
S ~ p ~ r ~ l l t i ~ a l  Pulvcored Coal. 750 MW 
Suporcritical PUIvCrizCd Coal High Sulfui .750 MW 
Presrumcd Fluidized Bed Combusaon 

Subcritical Puivcrircd Coat. 500 MW - CCS 
S ~ b ~ i i l i c a l  Pulverizcd Coal. High Sulfur. 500 MW . CCS 
Circulating Fluidized Bed. 500 MW . CCS 
Supcrcrilivl Pulverized Coal. 500 MW - CCS 
Supercritical Pulvcmad Coal High Sultui - 500 MW . CCS 
Supciciilical Pulverized Coal - 750 MW - CCS 
Supeniilical Pulverized Coal High Sulfur - 750 MW . CCS 
1x1 IGCC - CCS 
2x1 tGCC. CCS 
2x1 IGCC High Sullur - CCS 
Wind Encrgy Convcmlon - 50 MW 
Gcolhemal- 30MW 
Solar Pholovollaic - 50 kW 
Solar Thermal ParabalicTtough. 100 MW 
Solar Thcrmal. Pvrabolic Dish - 1 2 MW 
Solar Thermal Cenlral Rcccivcr. 50 MW 
Sola Thermal Solar Chimney. 50 MW 
MSW Mass Bum - 7 MW 
RDF Slokcr.Firod - 7 MW 
Landfill Gar IC Enginc - 5 MW 
TDF Mvlli-Fuel CF6 (10% Co-fire) . 50 MW 
Sewage Sludgc B Anoeiobi~ Digcslian - 085 MW 
Bio Mars (Co.Firc) 
Mollen Cartonate Fuel Cell - 300 kW 
Spark Ignition Enginc - 5 MW 
Hydroelecliic - New. 30 MW 

221 279 337 . - 
140 243 345 

172 313 453 594 735 
128 295 463 630 797 
102 253 403 554 705 
191 293 394 496 598 
144 233 322 410 499 
122 211 299 388 476 
104 192 280 368 455 
134 223 312 401 490 
132 258 383 509 635 
145 222 296 375 452 
151 243 335 426 516 
422 625 --- - 
455 632 606 985 1161 
331 353 376 396 421 
291 313 336 356 380 
217 310 339 360 381 
330 353 375 398 420 

.._ 

..- 

1016 
1132 
1006 
801 
677 
654 
631 
669 
886 
605 
702 

1513 
465 
425 
423 
466 

.... 

._. 

675 
965 
655 
699 
588 
565 
543 
579 
760 
528 
610 

$337 
443 
402 
402 
443 

293 315 338 360 383 405 427 450 472 495 517 
299 320 341 362 363 404 425 446 467 488 509 
303 323 344 364 384 405 425 445 466 486 506 
277 298 320 341 353 384 406 427 449 470 492 
280 300 320 341 2 462 482 
412 438 463 489 514 540 565 591 617 -- 
366 388 409 429 450 470 411 511 532 - 
327 347 368 388 409 429 450 470 491 - - 
327 346 365 364 403 422 441 460 479 -. 
524 556 588 620 652 684 716 748 700 812 844 

.-. 

1157 1297 1438 
1299 1467 1634 
1157 1307 1458 1609 
803 1004 1106 1209 
765 654 943 10321 
742 831 919 1008 
719 807 895 982 
756 647 936 to25 

1011 1137 1263 .--- 
681 758 835 
794 886 977 -- 

1689 1665 2042 2216 
.- __ .- 

488 510 
533 ;;:) 447 469 492 

444 465 486 507 
408 511 534 556 

532 552 593 623 654 684 714 745 775 806 
532 564 597 629 661 693 726 758 790 622 ~~~1 
531 561 591 622 652 682 712 742 772 803 833 
538 567 596 625 654 683 712 741 770 799 828 ~~ 

501 531 562 592 623 653 683 714 744 774 005 
505 534 562 591 620 649 677 706 735 764 792 
510 535 559 584 608 633 650 682 707 --I -- 
462 487 511 538 560 585 510 634 659 -- 
464 487 ~. "1 . 5". 556 581 605 628 651 - 
259 240 25 ! -.. -. _. .... 
484 480 476 472 467 462 456 449 442 

506 507 ..- - ___ ___ -.. 
734 734 -- 
771 772 773 773 773 774 774 -. -- -. -. 

766 766 - -. .... 

-.. __ __ ._ ___ .... - 
646 646 646 645 -. ._ ___ __ .... 

1741 1710 1678 1647 1615 1564 1552 1521 
1665 1751 1838 1924 2011 2097 2184 2270 2357 -- -- 
455 505 555 605 655 706 756 806 856 906 
489 513 538 552 587 611 636 660 685 709 733 
693 689 685 681 676 672 668 663 656 649 -x 

324 345 365 386 406 427 447 468 488 508 529 
463 562 660 759 857 956 1054 1153 1251 1350 
402 514 626 737 649 951 1073 1185 1296 1408 
473 467 462 455 449 -- -. .- - 

/Ohm Falls 9-10 293 287 281 273 - .-. -. ~ - 
Minimum LeVOllzed SlhW 102 192 237 225 351' 361 401 422 442 435 428 
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Exhibit 6 

Levelired Dollars a1 Various Capacily Factors Wilh SO2 Adders, wilhouf C 0 2  Adders, and wilh NOx Adders 

Citpllal COSl. Bas0 
Heill Ralo- High 
Fun1 Farocasl-Low Capaclly Faclors 

PumDcd Hvdro Enemv S l o i a ~ c  .500 MW 147 210 273 - 

2007 (SlkW yr) 

Technology 0% 10% 20% 30% 40% 5 0 %  60% 70% 80% 90% 100% 

Lead-Acid Bellcry E&gy S&gc - 5 MW 
Campiosscd Air Energy Sloragr! - 500 MW 

Simple Cycle GE LM5000 CT . Peaking Capacily 
Simple Cycle GE 7EA CT . Peaking Capacily 
Simple Cyclc GE 7FA CT - Peaking Capacily 
Combined Cycle GE 7EA CT - lnlsmcdialc Load 
Combined Cyclc GE 7FA CT . lnlcnncdiala Load 
Combined Cycle 2x1 GE 7FA CT . lnlennodialc Load 
Combinad Cycle 3x1 GE 7FB CT - lnlcimcdialc Load 
Siemens 5000F CC CT - lnlcrmcd~ille Load 
Humid Air TUlbinC Cycle CT - 366 MW 
Kalina Cydo CC CT .282 MW 
Cheng Cyclo CT - 140 MW 
Peaking Miciolurblnc .O 03 MW 
Basaload Mkroluibine - 0 03 MW 
S~bcii l ical Pulvciizcd Coal - 250 MW 
Subcriloal Pulvorizcd Coal. 500 MW 
Subcrilical PUlVerizCd Cool. High Sullur. 500 MW 
Circulating Fluidized Bed. 250 MW 
Clrculalins Fluidized Bed. 500 MW 

S!&wilicaI PUIVC~ZCLI Coal High Sullur. 750 MW 
PIBSSUIIZ~~ Fluidized Bed Cornburlion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC, High Sullur 
Subcrilical Pulverized Coal . 500 MW - CCS 
Subcrilical Pulvcriicd Coal. High Suliui . 500 MW - CCS 
Circulrling FlUidizcd Bed. 500 MW - CCS 
Supercciilical Pulverized Coal. 500 MW - CCS 
Supemilical PUIvenzed Coal High Sulfu, - 500 MW . CCS 
Supcrciilivl Pulverized Coal .750 MW - CCS 
Supcrcrilical Pulverized Coal High Sullur - 750 MW. CCS 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullui - CCS 
Wind Energy Convcrsion - 50 MW 
Gmhcrmal - 30 MW 
Solar Pholovollaic - 50 kW 
Solar Tholmai Parabolic Trough. 100 MW 
Solar Thermal Paiabolic Dish - 1 2 MW 
S ~ l a i  Thermal Cmlial Reccivcr. 50 MW 
Solar Thermal Solar Chlmncy . 50 MW 
MSW Mass Burn. 7 MW 
RDF Stoker-Fired - 7 MW 
Landfill Gar IC Enginc - 5 MW 
TOF Mulli.Fucl CFB (10% Co-lira) .50 MW 
Sawagc Sludge 8 Anaerobic Digcslion - 065 MW 
Bio Ma55 (Co-Firel 
Mollen Cartionale Fuel Cell. 300 kW 

221 
140 

173 
129 
103 
192 
145 
123 
104 
135 
134 
145 
I52  
423 
459 
331 
291 
297 
330 
293 
299 
303 
277 
260 
412 
366 
327 
327 
524 
532 
532 
531 
536 
501 
505 
510 
462 
464 
259 
464 
766 
506 
734 
771 
646 

1741 
1665 
455 
489 
693 
324 
464 

279 
219 

264 
234 
198 
251 
196 
174 
155 
187 
206 
169 
205 
550 
560 
353 
313 
318 
352 
315 
320 
323 
296 
300 
437 
388 
347 
346 
555 
562 
564 
561 
566 
531 
533 
534 
486 
487 
246 
460 
766 
507 
734 
772 
646 

1711 
1749 
482 
513 
669 
344 
521 
466 
"C7 

337 
298 

356 
340 
292 
310 
247 
225 
206 
238 
276 
232 
259 

660 
375 
335 
336 
374 
337 
340 
343 
319 
320 
462 
406 
367 
364 
587 
591 
695 
590 
595 
560 
561 
558 
510 
510 
237 
476 
..- 
.._ 
.- 

773 
646 

1682 
1834 
506 
537 
665 
364 
578 

I-- 

... 

... 

... 

447 
445 
367 
369 
299 
277 
256 
290 
350 
276 
312 

761 
397 
357 
359 
396 
359 
361 
363 
340 
339 
487 
428 
367 
363 
616 
62 1 
627 
620 
623 
590 
590 
582 
534 

225 
472 

... 

532 

... 

... 
- 

773 
M 5  

1652 
I918 
535 
561 
661 
384 
634 
591 529 

462 456 

_.. 
... 
_.. 

536 
550 
462 
427 
350 
326 
307 
34 1 
421 
319 
365 

662 
416 
376 
379 
416 
36 1 
361 
363 
361 
359 
512 
448 
407 
401 
650 
651 
658 
649 
652 
620 
616 
607 
558 
555 

467 

_.. 

-. 

._ 
I 

-.. 
773 

1622 
2003 

561 
565 
677 
404 
691 
654 
440 

.... __ 
.... 

630 721 812 
656 761 666 
576 671 766 
466 545 604 
401 452 504 
379 430 461 
358 409 459 
393 444 496 
493 565 637 
363 406 450 
419 472 525 
.-. - 

963 1063 1164 
440 462 464 
400 422 444 
400 420 441 
440 462 464 
403 425 447 
402 422 443 
402 422 442 
362 403 424 
379 g 
537 563 566 
468 489 509 
427 447 467 
420 436 457 
661 712 744 
681 710 740 
690 722 753 
679 708 738 
660 708 737 
650 679 709 
646 674 702 
631 655 679 
582 606 630 
576 601 624 ._ ._. .- 
462 456 449 

.._ .._ 
774 774 
._ x- 

1592 1563 1533 
2067 2172 2256 

586 614 641 
609 633 656 
673 666 663 
424 444 465 
746 605 662 
717 760 842 
.- _. - 

-. 
-. 

904 995 
972 1077 
860 955 
663 722 
555 606 
533 584 
510 561 
548 599 
709 761 
493 537 
579 632 

1265 1365 
506 526 
466 466 
461 462 
507 529 
469 491 
463 484 
462 482 
445 467 
436 456 
613 -- 
529 --- 
487 
475 
775 606 
770 600 
765 816 
767 797 
765 794 
739 769 
730 759 
703 -- 
656 _. 
647 

__ 

1086 
1182 
1050 
760 
657 
635 
612 
651 
-.. 
- 
.... 

1465 
549 
509 
503 
55 1 
513 
504 
501 
48E 
471 
_.. 
_. 
_.. 

63E 
82s 
84E 
82E 
622 
79E 
767 -.. 
_.. 
_. 

442 26 
. . - ._ .- - ___ 
-. __ 

2341 --- -- 
667 694 -.-- 
680 704 721 
657 650 
485 505 52: 
918 975 
905 966 - .... ._ Hydraeieclric - N w  .30 MW 473 

Ohm Falls 9-10 293 267 281 273 _- I. __ - 
Mlnlmum Lsvolimd SlkW 103 155 206 225 307 356 399 419 436 435 421 
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Exhibit 6 

Combincd C;clc 2x1 GE 7FACT . lntcrmcdialc toad 
Combincd Cycle 3x1 GE 7FB CT . lnlcrmediatc Load 
Siemens 5OOOF CC CT . lotcrmcdiate Load 
Humid Air Tuibiim Cycle CT . 366 MW 
Kalina Cycle CC CT .262 MW 
Chcng Cycle CT .140 MW 
Peaking Microlurbtnc . 0 03 MW 
Basoload Microlubinc . 0 03 MW 
Subcrllical Pulvcrired Coal. 250 MW 
SUbCiitiCal Pulverized Coal - 500 MW 
Subcritical Pulverized Coal. High Suliur - 500 MW 
Circulating Fluidized Bed .250 MW 
Circulaling Fluidized Bed. 500 MW 
Supcrcriliwl Puiverized Coal .500 MW 
Suporcriliwl PUlVCriled Coal High Sullur - 500 MW 
Supcrcrilical Pulverized Coal - 750 MW 
Supcnritical Pulverized Coal tligh Suliur .750 MW 
Piessuiized Fluidized Bed Cambuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Suitu 
Subcritical Pulvoriicd Coal - 500 MW . CCS 
Subciilical Pulverized Coal. High Suliur. 500 MW . CCS 
Circulaling Fluidized Bad - 500 MW. CCS 
Supcrcriliwl Pulverized Coal - 500 MW . CCS 
Supcrcrilical Pulvcrizod Coal tligh Sulfur. 500 MW - CCS 
Supeicritical Pulverized Coal - 750 MW . CCS 
Suponiitical Pulverized Coal High Sullui. 750 MW - CCS 
1x1 IGCC I CCS 
2x1 IGCC . CCS 
2x1 IGCC. l-ligh Sulfur-CCS 
Wind Energy Cowsmion. 50 MW 
Gwlhcimal .30 MW 
Solar Pholovoilaic .SO kW 
SolaiTheimal~ ParabolicTmugh. 100 MW 
Solar Thermal Parabolic Dish. 1 2 MW 
Solar Thormal Central Receive( - 50 MW 
S~larThermal Solar Chlmncy- 50 MW 
MSW Mass Bum. 7 MW 

Levelired Dollars at Various Capacity Faclors Wilh SO2 Adders, wilhout COZ Adders. and with NOx Adders 

Capltul cos- B.5C 2007 (SJkWyr) 
Heal Rule- Hlgh 
Fucl Forccarl- Basc Cilpilclly Factors 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 50% 90% 100% 
Pumpcd Hydro Encrgy Storage. 500 MW 147 210 273 .... _.. 
Lead-Acid Battory Enorgy Starago. 5 MW 221 779 11, . 
Compressed Air Encrgy Storage - 500 MW 140 

Simplc Cycle GE LM6000 CT .Peaking Capaclly I Simple Cycle GE 7EA CT - Peaking Capacily 

ROF Stoker-Fired .7 MW 
Laodlill Gas IC Engine. 5 MW 
TOF MulIi.Fuel CFB (10% Ca.iiicl.50 MW 
Sewage Sludge B Anacrobic Digoslion . 055 MW 
880 Mass lCo.Fiia\ 

ROF Stoker-Fired .7 MW 
Laodlill Gas IC Engine. 5 MW 
TOF MulIi.Fuel CFB (10% Ca.iiicl.50 MW 
Sewage Sludge B Anacrobic Digoslion . 055 MW 
880 Mass lCo.Fiia\ 
Molten Cartronale Fucl Cell - 300 kW I Spark l g n i l m  Enginc . 5  MW 

173 
129 
103 
192 
145 
123 
104 
135 
134 
145 
152 
423 
459 
331 
291 
297 
330 
293 
299 
303 
277 
250 
412 
365 
327 
327 
524 
532 
532 
531 
536 
501 
505 
510 
462 
464 
259 
454 
766 
506 
734 
771 
646 

1741 
1665 
455 
469 
693 
324 
464 
403 
478 

234 

295 
273 
232 
275 
220 
196 
175 
210 
239 
209 
229 
595 
607 
353 
313 
310 
353 
315 
320 
323 
295 
300 
435 
355 
347 
346 
556 
562 
564 
561 
567 
531 
534 
534 

325 

417 
417 
362 
363 
294 
272 
252 
255 
345 
273 
307 

755 
376 
335 
339 
375 
335 
341 
343 
320 
320 
463 
409 
365 
365 
565 
593 
596 
591 
596 
552 
562 
559 

._ 

_. 
... 

539 
551 
491 
449 
369 
3417 
326 
360 
450 
336 
354 

903 
395 
350 
360 
395 
360 
362 
364 

... 

... .-. 
_.. .-. 

661 763 
705 649 
620 750 
534 620 
444 516 
421 496 
399 473 
435 510 
556 661 
402 466 
461 539 

1050 1195 
420 442 
350 402 
361 401 
420 443 
302 404 
352 403 
354 404 

- 

341 363 354 
340 361 351 
459 514 540 
429 450 
350 405 
354 403 
619 651 
623 653 
620 661 
621 651 
625 653 
592 622 
591 619 
563 606 

456 
a m  

511 535 560 
" 511 534 557 

240 225 --- 
450 476 472 467 
766 - -- 
507 ._ _. ... 
734 .... __ 
772 773 773 773 
645 646 645 --. 

1709 1676 1644 1611 
1751 1537 1923 2009 
496 535 579 620 
513 536 562 556 
669 655 651 677 
344 365 355 406 
+n7 E?" 7 * 1  7oc """ . ," 
496 590 653 777 
467 "67 456 449 . 

470 
429 
422 
663 
663 
593 
661 
652 
652 
640 
632 
584 
501 

462 
_. 
-. - 
_. 
774 

1579 
2095 

662 
611 
673 
426 
575 
570 

- 

_. 

._ 

._ 

905 
993 
579 
705 
593 
571 
547 
565 
767 
530 
616 

1346 
465 
424 
422 
465 
427 
424 

._ 

424 
I("< 

-.. 
_.. 

1027 1149 
1137 1261 
1006 1135 
791 576 
667 742 
645 720 
621 695 
660 736 
072 975 
594 659 
693 771 

1494 1642 
457 509 
446 465 
443 464 
456 510 
449 471 
445 466 

449 
440 
715 
714 
725 
711 
711 
653 
677 
657 
609 
604 

456 
._. 
.... 

774 

1547 
2161 

703 
635 
660 
446 
961 
953 
_. 

511 

Hydioeleclm. New - 30 MW .. 
293 257 281 273 - __ __ __ Ohio Fulls 9-10 

Mlnlmum Lavcllzcd SlkW 103 175 237 225 361 361 401 421 441 435 421 

458 
459 
74 7 
744 
757 
74 1 
740 
713 
705 
661 
633 
627 

449 
... 
._ 
.- 
._ - 
... 
1514 
2267 
744 
659 
663 
467 

1044 
1057 __ 

532 
490 
470 
779 
774 
709 
771 
769 
743 
734 
705 
655 
650 

442 _.. 
... 
-. 
.- 
- 
2353 

766 
554 
657 
457 

1127 
1150 
- 

_. 

1271 
1425 
1267 
962 
017 
795 
769 
611 

1003 
723 
645 

1790 
532 
491 
465 
533 
494 
457 
455 
469 
461 

-. 

- 
.. 
_.. 
_.. 

610 
505 
52 1 
002 
795 
774 
763 

-.. - 
a35 
- 
_. 
-.. 
_. 
_. 
.- 

627 
700 
650 
505 

1210 
1244 
I 

-. 
_. 

1393 
1569 
1396 
1047 
591 
069 
543 
066 

_. 
.... 
- 
1937 
554 
513 
50E 
555 
51f 
507 
SO? 
491 
451 _.. - 
-.. 

842 
53: 
554 
032 
621 
60, 
79' 
-.. - -~ 

421 _. 
.- 
I 

- 
-.. 
_. 

73: 

521 
__ 
- 
_. 
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Exhibit 6 

Levelired Dollars a1 Various Capacity Faclors Wifh SO2 Adders, wifhouf COZ Adders, and wifh NOx Adders 

Capilol Cast- Baso 
Heal Rate-High 
Fuai Forecasl- High Capacity F~CIOIS 

2007 (SlkW y i )  

Tcchnology 0% 10% 20% 30% 40% 50% 60% 70% 00% 90% 100% 
Pumpcd iiydra Energy Sioiage .SO0 MW 147 210 273 -.. __ x- .- 
Lcad.Acid Bailcry Enaigy Sioiagc .5 MW 221 279 337 . 
COmpreSwd Air Encrgy Sioiage - 500 MW 140 245 351 . 
SimplC Cycle GE LM6000 CT - Peaking Capacily 
Simple Cyclc GE 7EA CT . Pcakmg Capvcily 
Simplc Cycic GE 7FA CT . Peaking Capacily 
Combined Cyclo GE 7EA CT - iniclmediaic Load 
Combiiied Cycle GE 7FA CT . InlOrmediaic Load 
Combined Cycla 2x1 GE 7FA CT . lntemcdivic Load 
Combined Cyclc 3x1 GE 7FB CT . lniermcdialc Load 
Siemens 5OOOF CC CT . Inir?rmcdiaic Load 
Humid Air Turbine Cycle CT .365 MW 
Kalina Cycle CC CT .282 MW 
Chow Cycle CT - 140 MW 
Peaking Microturbine. 0 03 MW 
Bascload Microiuibine .O 03 MW 
Subcrilical Pulveiiied Coal. 250 MW 
Subcriiical Pulverized Coai - 500 MW 
Subcriiicai Pulverized Coal. High Sulfur - 500 MW 
Circulating Fluidized Bod - 250 MW 
Ciiculaling Fluidized Bod. 500 MW 
Supercritical Puiverizcd Coal . 800 MW 
Supercrilicai PuIver~zod Coal High Sulfur. 500 MW 
Supsrcnlical Pulvciiicd Coal - 750 MW 
Suporcrilical Pulverized Coal High Sulfur - 750 MW 
Picssurizcd Fluidized Bad Cambuslion 
1x1 IGCC 
2x1 IGCC 
2x1 iGCC. High Sulfur 
Subcrilical Pulverized Coai - 500 MW . CCS I Subcriiicai Pulverized Coal. Hinh Sultui - 500 MW . CCS 
Circulaiing Fluidiicd Bed. 5OoMW. CCS 
Supcrcriiicai PUlvCrized Coal - 500 MW . CCS 
S ~ ~ e r c i i l i ~ l  PUiveuzed Coal High Sullur .SO0 MW - CCS 
Supsrcrilical Pulverized Coal - 750 MW . CCS 
Supcrcrilical Pulvcszcd Coal Higl, Sulfur - 780 MW . CCS 
1x1 IGCC . CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sulfur. CCS 
Wind Energy COI~VCISIOII~ 50 MW 
Geoiiiermal .30 MW 
Solar Pholovoliaic. 50 kW 
Solar Thermal. Pviilbolic Trough. 100 MW 
Solar Thermal. Parabolic Disli - 1 2 MW 
Solar Thermal Ccnlal Recoiv~r - 50 MW 
Solar Thcrmiii Solar Chimney. 50 MW 
MSW Mass Burn. 7 MW 
RDF Stoker-Fired .7 MW 
Landrill Gas IC Engine. 5 MW 
TDF Mulii.Fuoi CFB (10% Ca.fire). 50 MW 
Sewiiw Sludoc 8 Anaerobic Diocriion - 085 MW 

173 320 
129 304 
103 260 
192 298 
145 230 
123 216 
104 396 
138 228 
134 266 
145 
162 
423 
459 
331 
291 
297 
330 
293 
299 
303 
277 
260 
412 
368 
327 
327 
524 
532 
532 
531 
536 
501 
505 
510 
462 
464 
259 
484 
766 
806 
734 
771 
646 

1741 
1665 
455 
489 
693 

225 
246 
634 
544 
354 
314 
319 
354 
316 
321 
324 
299 
301 
439 
389 
348 
347 
557 
564 
566 
562 
568 
533 
535 
536 
486 
dRR 

324 
464 
no7 

466 
478 
416 
405 
331 
309 
288 
322 
397 
306 
344 

628 
378 
338 
341 
377 
340 
343 
345 
322 
322 
466 
411 
370 
387 
591 
595 
599 
594 
598 
564 
565 
561 
513 

... 

... .... 

613 760 
853 828 
573 730 
511 617 
424 816 
401 494 
380 472 
415 508 
529 660 
386 466 
441 537 _. -.. 

1013 1198 
401 425 
381 384 
363 385 
401 424 
363 387 
365 387 
387 388 
344 _- 367 
343 364 
492 519 
432 454 
391 412 
387 406 
624 656 
627 650 
633 666 
628 657 
629 659 
596 627 
595 625 

- 
908 

1002 
886 
724 
609 
587 
584 
602 
792 
547 
833 

1382 
448 
407 
407 
448 
410 
409 
409 
369 
385 
546 
475 
433 
426 
691 
690 
700 
688 
689 
659 
655 

_. 

1053 
1177 
1043 
830 
702 
680 
658 
685 
924 
827 
729 

1567 
471 
431 
426 
472 
433 
431 
430 
412 
407 
573 
498 
455 
446 
724 
722 
734 
720 
719 
691 
685 

.._ 

1200 
1352 
1200 
936 
798 
773 
749 
788 

1055 
707 
825 

1751 
495 
454 
450 
495 
457 
453 
452 
434 
428 
599 
510 
476 
466 
758 
783 
767 
751 
749 
722 
718 

__ 

.... 

1346 
1526 
1358 
1043 
888 
866 
84 1 
882 

1187 
788 
921 

1936 
516 
477 
472 
519 
480 
475 
473 
457 
449 
626 
539 
497 
486 
791 
785 
GO1 
783 
779 
754 
748 

_.. 

1493 
1701 
1513 
1149 
961 
958 
933 
975 

1319 
666 

1018 

2121 
541 
501 
494 
542 
504 
497 
494 
479 
470 

-.. __ 
-.. 

824 
817 
834 
814 
810 
785 
775 

1640 
1676 
1670 
1258 
1073 
1051 
1025 
1068 -.. 
-. 

2305 
565 
524 
516 
586 
527 
519 
515 
502 
491 
-. 

-. 
858 
848 
868 
846 
840 
817 
804 

587 613 638 664 690 715 
839 565 590 616 642 667 

513 537,  882 586 610 835 659 -.. 
248 225; -. ..- _. 
460 472 467 462 456 449 442 26 
766 __ .... -- __ 
734 __ -. .- ..- ___ .__ 
507 __ ..- - 
772 773 773 773 774 774 ._. -.. -... 
646 646 645 .- ..- ___ 

1706 1671 1637 1602 1867 1532 1497 -.-. -.. 
1755 1846 1938 2027 2117 2208 2290 2389 ..- -... 
508 561 614 667 719 772 825 878 931 .- 
515 540 566 591 617 642 668 693 719 744 
689 685 881 677 673 668 883 657 650 -... 
346 367 389 410 432 453 475 496 517 539 
557 870 774 877 980 1083 1186 1290 1393 _.. 
520 638 755 873 990 llO8 1225 1343 1460 .... 
467 462 456 449 - .- -- _- 

Bio M k  (COY~!~.?) 
Molicn Caibonaic Fuel Call. 300 kW 
Spark Ignition Engine. 5 MW 
Hydioclcciric . New - 30 MW 

_ _  
473 

Ohio Fails 9.10 293 287 281 273 -_ - .- ..- ._ 
Minimum Lcuolizcd SIhW 103 196 237 225 364 386 407 428 442 435 428 
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Exhibit 6 

Simplc Cyclc GE LM6000 CT . Pcaking Capaclly 
Simplc Cyclo GE 7EA CT . Poahing Capacily 
Simplo Cyclc GE 7FA CT . Poahing Capacily 
Combined Cyclc GE 7EA CT . lnlcrmcdialc Load 
Combined Cycle GE 7FA CT - lnlcrmcdialc Load 
Combined Cycle 2x1 GE 7FA CT . lnlcrmadialc Load 
Combined Cyclc 3x1 GE 7FB CT . lnlemcdialc Load 
Siomcm 5000F CC CT . lniermcdivlc Load 
Humid Air Turbino Cycle CT .366 MW 
Kalina Cycle CC CT .262 MW 
Chong Cycle CT . 140 MW 
Peaking Micialurblnc .O 03 MW 
Bascload Microluibinc .O 03 MW 
Subcrilical Pulvemed Coal - 250 MW 
SUbCtilical Pulverized Coal - 500 MW 
Subcrilical Pulverized Coal, High Sullur - 500 MW 
Circulaling Fluidkcd Bod - 250 MW 
Circulating Fluidized Bed. 500 MW 
Suporcrilical Pulverized Coal . 500 MW 
s ~ p m r i l m  Pulverized Coal High Sullur . 500 MW 
Supcrcrilical Pulverized Coal - 750 MW 
Supciciil~cal Pulverized Coal High Sullui - 750 MW 
Pressurized Fluldiicd Bad Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sultui 
Subcrtlical Pulverized Coal - 500 MW . CCS 
Subcrilical Pulvcrizcd Coal. Hlgh Sullur - 500 MW . CCS 
Ciiculaling Fluidized Bed - 500 MW . CCS 
Supcrcriliol Pulverized Coal - 500 MW - CCS 
Supeicrilical Pulverized Coal. High Sullur - 500 MW . CCS 
Supmciilical PUlverizod Coal - 750 MW . CCS 
Supcrctilical Pulverized Coal High Sulluui. 750 MW . CCS 
1x1 IGCC -CCS 
2x1 IGCC . CCS 
2x1 IGCC. High Sullur. CCS 
Wind Energy ConvBIsion. 50 MW 
Gcolhaimal .30 MW 
Solar PholoVOllaiC~ 50 kW 
Solar Thermal ParabolicTrough. 100 MW 
SolaiThcimal Parabolic Dish. 1 2  MW 
Solar Thermal. Ccnlal R e c ~ i v e i .  50 MW 
SolaiThcrmal Solar Chimnev. 50 MW 
MSW Mars Bum. 7 MN 
RDF Sloker-Fired . 7 MW 
Landlill Gas IC Engine . 5  MW 
TDF Mulli-Fucl CFB (10% Col i re l  .50 MW 
sewam s~udoc 8 Anaorobt Diaorlion. 065 

Levelized Doliars at Various Capaciiy Faciors Wiih SO2 Adders, wiihoui C 0 2  Adders, and with NOx Adders 

Capllal Cosl- Hlgh 
Heal Rate-Low 
Fuel F O ~ E C ~ S ~ - L O W  Capaclly Faclors 

2007 (SlhW yr) 

Technology 0% 10% 20% 30% 40% 50% 00% 70% 60% 90% 100% 
Pumped Hydra Energy Slaragc .500 MW $94 257 320 - .... .._ -.. 
Laaddcid Ballcry Energy Sloragc . 5 MW 7?(i 367 - 
Comprsrsed Air Eoorgy Storage - 500 MW 

.. . 
161 

... 
257 

i MW 
Bio Mass (Co& 
Mollen Carbonate Fuol Cell - 300 kW 
Spark lgnillon Engine. 5 MW I Hvdroclccliic . New - 30 MW 

197 
145 
115 
216 
163 
137 
117 
153 
149 
167 
174 
466 
496 
396 
352 
357 
396 
355 
361 
365 
336 
339 
523 
456 
410 
410 
607 
696 
699 
694 
703 
659 
664 
660 
601 
603 
299 
566 
909 
592 
667 
697 
758 

1646 
1631 
467 
562 
759 
391 
537 
416 
622 

262 
243 
203 
270 
210 
104 
163 

214 
207 
223 
565 
590 
416 
372 
376 
416 
375 
360 
363 
355 
357 
546 
476 
426 
427 
716 
723 
726 
721 
729 
666 
690 
662 
623 
624 
266 
562 
909 
593 
667 
696 
756 

1624 
1906 
510 
604 
755 
409 
569 
473 
616 

200 

366 
341 
291 
323 
257 
231 
210 
247 
260 
246 
27 1 

662 
436 
392 
395 
436 
395 
396 
401 
375 
375 
569 
495 
447 
444 
745 
751 
757 
746 
755 
714 
716 
704 
645 
645 
277 
576 

._ 

- .- 
._ 
699 
756 

1601 
1965 
534 
626 
751 
426 
641 
529 
61 1 

333 ... 

453 
439 
379 
377 
303 
277 
256 
294 
345 
266 
320 

773 
456 
412 
414 
459 
415 
417 
420 
394 
393 
592 
513 
465 
461 
773 
776 
766 
775 
702 
74 1 
742 
726 
667 
666 
265 
574 

_. 

__ 
-.. 

699 
757 

1777 
2062 

557 
646 
746 
446 
693 
566 
605 

_. 

536 
537 
467 
431 
350 
324 
302 
341 
411 
326 
369 

665 
476 
432 
433 
479 
435 
436 
436 
413 
412 
615 
532 
463 
476 
802 
806 
615 
602 
606 
766 
766 
746 
669 
667 

570 

-. 

-. 
.- 

-.. 
900 

1753 
2130 

561 
669 
742 
464 
744 
643 
599 

-. 

-. 
_. 

624 
635 
555 
464 
397 
371 
349 
366 
476 
366 
416 

957 
496 
452 
451 
499 
455 
455 
456 
433 
430 
636 
550 
502 
496 
631 
633 
644 
629 
634 
795 
794 
771 
712 
706 

565 

_. 

... 

_. 
-. 
- 
900 

1729 
2216 

604 
691 
736 
463 
795 
700 

-. 

_. 

... 

._ 

709 
733 
643 
536 
444 
416 
395 
435 
542 
405 
466 

1049 
519 
472 
470 
519 
475 
473 
4 74 
452 
446 
661 
569 
520 
513 
660 
660 
673 
656 
660 
623 
620 
793 
734 
729 

559 

.- 

._. 

.- 
- 
900 
.- 
1706 
2293 
626 
713 
733 
501 
646 
756 
.-. 

._ -.. 
- 

794 660 
631 929 
731 619 
592 645 
491 538 
465 512 
442 466 
462 529 
607 672 
445 465 
515 564 

1140 1232 
539 559 
492 512 
469 506 
539 560 
495 516 

._ 

492 511 
493 511 

.... 
_.. 

965 1050 
1027 1125 
907 995 
699 753 
504 631 
558 605 
534 561 
576 623 
736 
525 -~ 
613 -.. 

.... 
1324 1416 
579 599 
532 552 
527 546 
560 600 
536 556 
530 546 
529 547 

471 490 510 529 
466 521 
664 706 
567 
536 
530 
669 
666 
902 
664 
666 
650 
046 
615 
756 
750 

553 

._ 

__ 
1682 
2370 

651 
735 
726 
519 
900 
613 

605 
556 
547 
916 
915 
932 
911 
913 
677 
872 
637 
776 
771 

547 
... 

_.. 
-.. 
_.. 
.... 

2447 
675 
757 
722 
537 
952 
670 

-. 
.... 

.... 
946 975 

961 990 
936 965 
939 965 
905 932 
698 924 

942 970 

-.. - 
xx 

_. 
540 533 
._. _. 
.-. ._ 

-.. 
-. 

-.. - 
.._ -. 

696 - 
776 800 
716 
556 574 

1004 -- 
926 ~ - 

l o b  Falls 9-10 391 385 379 372 __ ___ -. __ .- 
Mlnlmum Lcvellzcd SIhW 115 163 210 256 302 349 395 442 464 502 521 
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Exhibit 6 

Levelized Dollars a1 Various Capaciiy Faclors Wilh SO2 Adders. wilhou! C02 Adders, and wilh NOx Adders 

Capllal Co61- Hlgh 
Hoal RaIc.Low 
Fuel Foreccasl- Bas0 Capaclly F U E ~ O ~ S  

2007 (SlhW yr) 

Tcchnelogy 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% ,+ 
Pumped Hydro Energy Slorago - 500 MW 194 257 320 _.. .... ._. ._ ____ .... 
Lead-Acid Ballew Enarriv Sloraw. 5 MW 
Campiasscd A r  EnergiSlnragE- 500 MW 

Simple Cyclc GE LM6000 CT . Pcaking Capocily 
Simple Cycle GE 7EA CT . Peaking Capacily 
Simple Cyclc GE 7FA CT .Peaking Capacily 
Combined Cycle GE 7EA CT . lnloimediala Load 
Combinad Cyclc GE 7FA CT - lnlermcdialc Load 
Cambincd Cycle 2x1 GE 7FA CT - Inlotmcdialc Load 
Combined Cycle 3x1 GE 7FB CT . lnlcrmedialo Load 
Siemms 5OOOF CC CT . lnlcrmcdialc Load 
Humid Air Turbino Cycle CT .366 MW 

Chcng Cycle CT . 140 MW 
Pcaking Micraiuibine - 0 03 MW 
Bascload Microlurbinc . 0 03 MW 
Subcrilical Pulverized Coal. 250 MW 
SUbCrilical Pulveriicd Coal - 500 MW 
SUbCiilical Pulverized Coal. High Sulluur - 500 MW 
Circulalmg Fluidized Bed - 250 MW 
Ciicu1i)ting Fluidized Bed. 500 MW 
SupcrcrilimI Pulverized Coal. 500 MW 
Supcrcriiical PUIVorized Coal High Sullui - 500 MW 
Supcrcrilical Pulverizcd Coal - 750 MW 
Supeicriliwl Pulverized Coal High Sulfur - 750 MW 
Pressurized Fluidized Bed Combuslion 

~a i i na  cyCic cc CT - 282 MW 

1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sullur I Subcrilical Pulverized Con1 - 500 MW. CCS 
Subcrilica Pulverized Coal. High Sullur - 500 MW . CCS 
Circulalfing Fluidized Bed - 500 MW. CCS 
Supermilical Pulverized Coal - 500 MW . CCS 
Supercrilical Pulvenzed Coal. I-ligh Sulfur. 500 MW . CCS 
Supcr~rilical Pulvcnzcd Coal. 750 MW . CCS 
Supercrilical Pulverized Coal High Sullui - 750 MW . CCS 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC. High Sulfur. CCS 
Wind Energy Conversion. 50 MW 
Gcolhsrmal - 30 MW 
Solar Pholovollalc~ 50 hW 
Solar Thermal. Parabolic Trough. 100 MW 
Solar Thermal Parabolic Dish. I 2 MW 
Solar Thermal Cenlral RCCeivor - 50 MW 
Solar Thcrmal. Solar Chimney. 50 MW 
MSW Mar$ Bum. 7 MW 
RDF Slohar-Fired .7 MW 
Landlill Gas IC Engine. 5 MW 
TDF MulIi.Fuc1 CFB (10% Co.frc). 50 MW 
Sewage Sludge B Ana~cobic Digcrlion . 005 
Bio Mass (Co-Fire) 
Mollan Ca&onale Fuel Cell - 300 kW 
Spark lgnilion Engine. 5 MW 
HydiQeleclric. New - 30 MW 

MW 

271 
161 

197 
145 
115 
216 
163 
137 
117 
153 
149 
167 
174 
466 
496 
390 
352 
357 
390 
355 
361 
365 
336 
339 
523 
450 
410 
410 
667 
696 
699 
694 
703 
659 
664 
660 
601 
603 
299 

909 
592 
867 

758 

586 

897 

1848 
1831 
407 
562 
759 
391 
537 
416 

329 
270 

310 
270 
234 
294 
231 
205 
184 
221 
245 
225 
244 
627 
632 
416 
372 
376 
419 
375 
360 
304 
355 
357 
546 
477 
429 
427 
716 
724 
729 
722 
730 
667 
690 
662 
623 
624 
288 
582 
909 
593 
067 
096 
750 

1022 
1909 
524 
604 
755 
410 
612 
501 

387 
360 

424 
412 
354 
372 
299 
273 
252 
290 
34 1 

315 

767 
439 
393 
395 
439 
396 
399 
402 
375 
376 
570 
496 
447 
445 
746 
752 

749 
756 
714 
717 
705 
646 
646 
277 
570 

284 

..- 

758 

__ 
.~ 
699 
750 

1796 

561 
627 
751 
428 
688 
505 

1988 

_. 

537 
546 
473 
450 
367 
34 1 
319 

437 
342 
365 

901 
459 
413 
415 
460 
416 

421 
395 
394 
593 
514 
466 
462 
775 
779 

777 
703 
742 
743 
727 
666 
667 
265 
574 

358 

418 

786 

.. 
_.. 

099 
757 

1770 
2066 

649 
746 
447 
763 
670 

598 

_. 
_. 

650 
670 
592 

435 
409 
380 
426 
532 
401 
456 

1036 
400 
433 
434 

437 
437 
439 
415 
413 
617 
533 
465 
479 
804 
607 
817 
604 

770 
770 
750 
691 
609 

570 

528 

- 

480 

810 

-.. 

900 

1744 
2145 
635 
67 1 
742 
466 
639 
754 

-.. 

.-. 

764 

712 
606 
503 
477 
454 
495 
626 
459 
526 

1170 
500 
453 
453 
501 
457 
456 

812 

458 
434. 
431 
640 
552 
503 
497 

035 

032 
036 

796 
772 
713 
710 

565 

833 

847 

798 

- 
._ 
.- 
-. 
900 

1710 
2223 
671 
693 
730 
484 
914 

- 

839 

- 
..- 

877 
945 
631 
604 
571 
545 
521 
553 
724 
517 
597 

1305 
521 
474 
472 
521 
477 
475 
476 
454 
450 
664 
571 
522 
514 

..- 

863 
863 
676 
059 
063 
825 
822 
795 
736 
731 

559 
_. 

900 

1692 
2302 

716 
733 
503 
990 
923 

._. 

708 

..- 

990 
1070 
950 
762 
639 
613 
508 
632 
620 
576 
667 

1439 
541 
494 
492 
542 

495 
495 
473 
480 
687 
590 
54 1 
532 
692 
091 
906 

498 

no7 
889 
653 
649 
617 
756 
753 

553 
.._ 

- 
.-. 

1666 
2380 

745 
736 
726 
52 1 

1065 
1000 

_.. 
-. 

1104 
1212 
1070 

707 
601 
655 
700 
916 
634 

840 

738 
- 
1573 
561 
514 
511 
562 

514 
513 
493 
407 
710 

559 
549 
921 
919 
935 
914 
916 
001 
075 
040 

774 

547 

518 

608 

781 

.... __ 
I_ 

2459 
762 
760 
722 
540 

1141 
1093 

-. 

1217 
1345 
1189 
918 
775 
749 
723 
766 

1012 
693 
808 ._ 

1700 
502 
535 
530 

539 
533 
532 
513 
505 

583 

- 
_. 
_. 

950 
946 
965 
942 
943 
909 
902 - 
.... 

540 
-. 
._ 
._. 
__ 

.- 
019 
762 
716 
559 

1216 
1177 

.-. 

1330 

1306 
996 
843 

790 

1478 

817 

837 
-.. 
-. 
-. 
-. 
1642 
602 
555 
549 
603 
559 
552 
550 

-524 
531 
-.. 
-. 
.... 

980 
974 
994 
969 
969 
936 
926 
-. 
-.. 
_. 

533 

- 
-. 
.-. 
_.. 

504 

577 
.- 

-. 
-.. 

622 616 611 605 599 --.- -.. 
IOhio Falls 9-10 391 305 379 372 - -- .- -. -- 

Mlnlmum Levrllrod SlkW 115 IM 252 265 306 431 450 460 4137 505 524 
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Exhibit 6 

Lavelized Dollars at Various Capacity Factors With SO2 Adders. without CO2 Adders, and with NOx Adders 

2007 (SlhW yr) 

Fuol Forccas1- High Capacily FBCIOIS 
Technology 0% 10% 20% 30% 40% 50% 50% 70% 80% 90% 100% 

Pumped Hydra Energy Storage - 500 MW 194 257 320 .... -.. -. 
Lead-Aad Ballew Ensrov Sloraoc . 5  MW 271 

I ". ~ 

Compiosicd Air Enorgy Sloraga - 500 MW 

Simplo Cydo GE LM6000 CT . Peaking Cvpaclly 
Simple Cycle GE 7EA CT - Peaking Capacily 
Simple Cycle GE 7FA CT . Peaking Capacily 
Combined Cyclo GE 7EA CT . lnlcrmcdialc Load 
Combined Cycle GE 7FA CT - lnicrmodielr? Load 
Combined Cyclo 2x1 GE 7FA CT . Inlormediale Load 
Cambincd Cycle 3x1 GE 7FB CT . Inlcmcdialc Load 
Sicmcns 5000F CC CT . lnlcrmodialc Load 
Humid Air Tuibinc Cycle CT . 366 MW 
Kalina Cyde CC CT .252 MW 
Chcng Cycle CT - 140 MW 
Peaking Microluibintl .O 03 MW 
Baseload Miciolwbino. 0 03 MW 
Subcrilical Pulverized Coal .250 MW 
SUbcrilical Pulverized Coal - 500 MW 
Subcrilical Pulvoiiicd Coal. High Sultur - 500 MW 
Circulaling Fluidilcd Bad. 250 MW 
Ciiculaling Fiuidircd Bod. 500 MW 
Supcrciilical Pulverized Coal . 500 MW 
Supcrcrilical PUlverizOd Coal High Sultur - 500 MW 
Supoicrilical Puivcrizcd Coal. 750 MW 
Supeicriiical Pulvorired Coal High SUltur - 750 MW 
Pressuiized Fluidizcd Bad Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High SuNui 
Subcriliwl Pulvolzcd Coal - SO0 MW . CCS 
SUbCrilical Pulverized Coal HiOh Sulfur - 500 MW . CCS 

lcitculaling Fluidized Bed. 50oMW. CCS 

Supcrcalical Puivcrirod Coal. I.(igh Sullur. 750 MW - CCS 
1x1 iGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC. High Sullur. CCS 
Wind Energy Conversion. 50 MW 
Geoliieimal .30 MW 
Solar PholovOilaiC. 50 kW 
SolarThcimal ParabolicTroUgh. 100MW 
Solar Tiicrmal Parabolic Dish. 1 2 MW 
Solarihcrmai Cenlral Receiver- 50 MW 
Sdar Thermal Solar Chimney. 50 MW 
MSW Mass Bum. 7 MW 
RUF Siokor-Fired .7 MW 
Landtill Gas IC Engine. 5 MW 
TUF Mulli-Fuel CFB (losb C04ro). 50 MW 
Sawago Sludge 8 Anaerobic Uigcslion - 055 MW 
Bio Mars (Co.Fire) 
Mollcn Carblinalc Fuel Cell - 300 kW 
Spurk Ignition Engine . 5 MW 
Hvdroolcclric. NOW - 30 MW 

181 

197 
145 
115 
216 
163 
137 
117 
153 
149 
157 
174 
465 
495 
395 
352 
357 
395 
355 
361 
365 
336 
339 
523 
455 
410 
410 
667 
596 
699 
694 
703 
659 
664 
660 
601 
603 
299 
555 
909 
592 
557 
597 
755 

1845 
1531 
457 
552 
759 
391 
537 
416 

329 
251 

332 
306 
259 
313 
245 
221 
201 
235 
269 
240 
261 
660 
556 
419 
373 
377 
420 
376 
351 
354 
357 
358 
547 
475 
430 
426 
718 
725 
730 
723 
731 
685 
592 
554 
625 
625 
288 
552 
909 
593 
567 
595 
755 

1520 
1913 
534 
605 
755 
411 
631 
522 

357 
381 

465 
468 
403 
410 
332 
306 
254 
323 
355 
313 
309 

533 
441 
395 
397 
441 
396 
401 
404 
377 
375 
572 
497 
449 
446 
748 
754 
751 
752 
755 
717 
719 
707 
545 
645 
277 
575 

.- 

.- __ __ 
899 
755 

1791 
1996 
552 
529 
751 
430 
725 
629 

... 
_.. 

603 
627 
547 
507 
417 
390 
366 
405 
508 
355 
435 

1001 
462 
416 
417 
463 
419 
421 
423 
395 
397 
596 
517 
459 
455 
779 

_.. 

-.. 

735 
756 
691 
503 
501 
475 
451 
492 
625 
459 
524 

1169 
454 
437 
437 
454 

574 
945 
835 
700 
555 
559 
535 
577 
747 
532 
61 1 

1337 
505 
455 
455 
506 

1009 
1109 
979 
797 
570 
543 
619 
552 
557 
605 
699 

1504 
526 
450 
475 
527 

.... 

1144 
1270 
1123 
594 
755 
725 
702 
747 
955 
677 
786 

1572 
545 
501 
495 
549 

1250 
1430 
1267 
991 
839 
612 
756 
632 

1106 
750 
674 

1840 
589 
522 
518 
570 

-. 

.... 
_.. 

1415 
1591 
1411 
1086 
924 
896 
570 
917 

1226 
523 
961 

2005 
591 
544 
538 
592 

._. 

1550 
1752 
1555 
1154 
1009 
951 
953 

1002 

-.. 
-.. 
.-. 
2175 
612 
565 
555 
513 

751 509 835 567 596 925 954 952 

783 512 841 570 599 928 957 
791 522 853 654 915 945 975 

758 514 842 689 597 925 953 950 I 
746 775 504 533 862 592 921 950 
747 774 502 529 557 564 912 939 
731 754 775 801 525 545 -- 
572 695 719 742 766 759 -.- -. 
570 692 715 737 759 782 -- --- 
265 _- - -. __ 
574 570 555 559 553 547 540 533 

-. .-. .- ._ .- - 
_. __ .- 

~ 

599 900 900 900 ..- -- --- 
757 - -. .._ .... _. - 

1763 1735 1707 1675 1550 -- -- 
2075 2161 2243 2326 2405 2491 ..- -- 
629 675 724 771 515 566 913 -. 
652 576 699 722 745 759 792 81s 
745 742 735 733 728 722 716 

515 912 I005 1100 1194 1288 1381 --- 
735 541 947 1054 1150 1265 1372 -- 
450 469 459 505 525 547 557 

605 599 _. .- I 522 616 611 
IOhio Faits 9-10 391 355 379 372 __ .-. __ 

Mlnimum Leveilzcd SlkW 115 201 277 255 415 435 455 475 494 513 533 
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Exhibit 6 

Levelired Dollars a1 Various Capaciiy Faciors With SO2 Adders, without CO2 Adders, and wilh NOx Adders 

Capllal Cos1- High 2007 (SlkWyr) 
Heal Rulo- Besc 
Fuel F~iecast.Low Cilpacily Faciors 

Technology 0% 1 0 %  20% 30% 40% 50% 60% 70% 80% 90% 100% 
Pumped Hydra Energy Storage. 500 MW 194 257 17" .- .-. 
LcadAad Balicry Energy Sloragc . 5  MW 771 37g 
Compress04 Air Energy Sloiagc - 500 MW 

Simplc Cyclo GE LM6000 CT . Peaking Capacily 
Simplc Cycle GE 7EA CT - Peaking Capacily 
Simple Cycle GE 7FA CT . Peaking Capacily 
Combined Cycle GE 7EA CT . lnlcimcdialc Load 
Combincd Cyclo GE 7FA CT - Intomedialo Load 
Combined Cyclo 2x1 GE 7FA CT . lnlomediale Load 
Combined Cycle 3x1 GE 7FB CT . Inlemodialo Load 
Sierncns 5000F CC CT . iniormcdialc Load 
Humid Air Turbine Cyclc CT . 366 MW 

Chsng Cycle CT .140 MW 
Pcakmg Micioiuibme . O  03 MW 
Baraioad Microlurbine . 0 03 MW 
Subcriiical Puivarirad Coal - 250 MW 
Subcrilical Pulvcrizcd Coal - 500 MW 
Subcriiical Pulverized Coal. High Sulfur- 500 MW 
Circulating Fluidized Bed - 250 MW 
Circulating Fluidized Bod. 500 MW 
Supomiicai Puivcrizcd Coal. 500 MW 
Suporcrilical Pulvorircd Cod High Sullur . 500 MW 
supcrcriiicai Pulvcrired Coal - 750 MW 
Supcrcriliuil PUlwrizcd Coal High Sulfur - 750 MW 
Presruriicd Fluidiisd Bed CombU5liOn 
1x1 IGCC 
2x1 IGCC 

~ a i , n a  cycle cc CT .282 MW 

Supsrcrilicai Pulvcrircd Coal .SO0 MW . CCS I Supcrcriliwl Pulverized Coal High Sulfur. 500 MW . CCS 
Supcrcrilical PuIveri2cd Corll - 750 MW - CCS 
Supaicrilical PUlwriZcd Coal High Sullur - 750 MW - CCS I 1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullui . CCS 
Wind Encrgy Conveman. 50 MW 
Gcoihcrmal .30 MW 
Solar Phoiovollaic . 50 hW 
Solar Thcimal Parabolic Trough. 100 MW 
Solar Thermal Parabolic Dish - 1 2 MW 
Solor Thermal Ccnlrai Rocelvor - 50 MW 
Solar Thermai Solar Chimncy . 50 MW 
MSW Mass Burn - 7 MW 
RDF S1ohcr.Fired. 7 MW 

Boo Ma55 (Co.Firc) 
Mollen Cartmale Fuel Cell. 300 hW I " "  Spark Ignihon Engine. 5 MW 

161 

198 
146 
116 
217 
164 
1 38 
l i s  
154 
150 
168 
174 
467 
501 
398 
352 
357 
398 
355 
361 
365 
336 
339 
523 
458 
410 
410 
667 
696 
699 
694 
703 
659 
664 
660 
601 
603 
299 
586 
909 
592 
867 
897 
758 

1848 
1831 
487 

759 
582 

391 

d l R  
538 

622 

286 
247 
207 
273 
213 
167 
188 
203 
219 
210 
225 
590 
597 
419 
373 
377 
419 
376 
381 
364 
356 
356 
547 
477 
429 

717 
725 
729 
722 
730 

691 
663 
624 
625 
286 
582 
909 
693 
667 
898 
758 

I621 
1912 
512 
605 
765 
410 
592 
478 
616 

428 

688 

256 

_ _ _  
307 --- 

374 482 
349 450 
299 390 
329 386 
262 311 
236 285 
216 263 
253 302 
287 
251 
276 

693 
440 
394 
398 
440 
397 
400 
403 
376 
377 
571 
497 
448 
446 
747 
753 
760 
751 
758 
716 
716 
706 
647 
647 
277 
578 ~- 
..- 

899 

1794 
1993 
537 
628 
751 
429 
647 
537 
611 

758 

356 
293 
327 

790 
461 
415 
416 
462 
418 
420 
422 
397 
396 
595 
516 
467 
464 
777 
762 
790 
779 
785 
745 
745 
729 
670 
669 
265 
574 

_. 

_.. 
.... 
- 

899 
757 

1766 
2073 
562 
651 
747 
449 
701 
597 
605 

... 

550 
551 
481 
442 
360 
334 
312 
351 
424 
334 
378 

886 
482 
436 
436 
483 
439 
440 
44 1 
417 
415 
619 
535 
487 
461 
607 
810 
820 

612 
773 
772 
752 
693 
691 

570 

... 

no7 

- 

_. 

900 

1741 
2154 

587 
674 
742 
468 
765 
657 
599 

- 

.. 

636 
653 
573 
498 
410 
383 
360 
400 
493 
376 
429 
-. 
982 
503 
457 
465 
504 
460 
459 
461 
437 
434 
643 
554 
506 
499 

839 

635 
639 

799 
775 
716 
713 

565 

837 

850 

no2 

_. 
-. _ 
_. 
900 

1714 
2235 

612 
697 
738 
487 
810 
716 

- 

_. 

... ___ .... 
.._ I 

564 610 866 723 779 

432 481 529 578 627 
409 457 505 564 603 

459 508 557 606 655 

450 499 548 598 647 
562 

480 

1078 
524 
478 
475 
525 
461 
479 
480 
4 57 
453 
667 
574 
525 
617 
667 
868 
881 
864 
867 

418 

830 
825 
798 
739 
735 

559 
.-. 

- 

900 

1687 
2316 

637 
720 
734 
506 
664 
776 
._. 

630 699 767 -- 
459 601 542 -.. 
531 582 633 -. 

1174 1270 1367 1463 
545 566 587 608 
499 520 541 562 
495 514 534 554 

502 523 644 565 

499 518 637 556 
477 497 516 538 

29 

- 

546 667 589 610 

498 518 538 557 

593 
544 
535 
697 

911 
892 
894 
859 

821 
762 
757 

553 

896 

854 

.._ 

.... 

._ 

1660 
2397 

743 
729 
526 

662 

918 
836 - 

612 __ 
563 .... I 

553 -.. 
927 957 988 
925 953 982 
941 972 1002 
920 9.19 9771 
921 949 976 
887 916 944 
881 908 935 
646 -.. 

779 - - 
547 540 533 

786 ___ 

I _. 
._ 
_.. _. __ -~ - 
... ..- 
._ - __ 
2478 

687 712 
765 788 811 
723 717 --. 
545 564 683 
973 1027 - 
895 955 --- 
_. - ._ H y d i o ~ i e ~ l r i ~  I New - 30 MW 

391 385 379 372 -_ - __ - __ 
Mlnimum Lovolirod SlhW 116 168 215 263 312 360 409 457 491 510 529 
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Exhibit 6 

.. 
Lead-Acid i .wcry Enorqy Sloisqo - 5 MW 
Compressed Air Energy Sloiago .500 MW 

Simple Cycle GE LM5000 CT . Peaking Cvpacily 
Simple Cycle GE 7EA CT . Peaking Capacity 
Simple Cyclc GE 7FA CT - Poabng Capacily 
Cornbincd Cyclc GE 7EA CT . lnlennedialo Load 
Combincd Cycle GE 7FA CT . lnlcrmcdialc Load 
Combincd Cycle 2x1 GE 7FA CT - lnlemediale Load 
Combincd Cycle 3x1 GE 7FB CT . lolcmadials Load 
Sicmcns 5000F CC CT - Inleimcdialc Load 
Humid Air Turbine Cyclc CT - 385 MW 
IKalina Cycle CC CT . 282 MW 
Chenq Cycle CT - 140 MW 
Peaking Micmluibinc - 0  03 MW 
Baleload M i ~ i o l ~ i t i i n e  - 0 03 MW 
Subcritical PUIvemod Coal. 250 MW 
Subcnlic?I Pulvciizcd Coal . 500 MW 
S ~ b ~ i i l i c a l  PUlVeiized Coal. Higli Sul l~r .  500 MW 
Circulaling Fluidized Bed. 250 MW 
Circulalinq Fluidized Bed. 500 MW 
Superciilical Pulverized Coal - 500 MW 
Supcrcrilical Pulvcrizcd Coal High Sullur - 500 MW 
Supcrcriliwl Pulverized Coal. 750 MW 
Supcrcrilical Pulveiizcd Coal High Sullur. 750 MW 
Pieswrired FIuidizcd Bed CombUsliOn 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sullui 
Subcrili~?l Pulverized Coal. 500 MW. CCS 
SUbCRIIcai PUlverizCd Coal. High Suilur. 500 MW . CCS 
Circulating FlUidiiCd Bed. 500 MW - CCS 
Supcrcrlliwl Puivcrized Coal. 500 MW. CCS 
Supercrilical Pulverized Coal High Sullur. 500 MW . CCS 
Supcicrilical Pulverized Coal .750 MW . CCS 
Supercrilical Pulvorizad Coal High Sullur. 750 MW . CCS 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC. tligh SuIIur- CCS 
Wind Energy COnVCrSion - 50 MW 
Geolhaimal - 30 MW 
Solar Pholovollaic - 50 kW 
Solar Thermal Parabolic Trouqli - 100 MW 
Solar Thatmal Parabolic Dish. 1 2 MW 
Solar Thermal Canlial R e ~ e i v e l ~  50 MW 
Solar Thermal Solar Chlmnsy - 50 MW 
MSW Mais Bum. 7 MW 
RDF Sloker-Fired - 7 MW 

Levelized Dollars at Various Capacity Factors With SO2 Adders, without COZ Adders, and with NOx Adders 

Capllal Cost- Hlgh 2007 (SlkWyr) 
Heal Rate- Base 
Fuel Forecast- Base Capaclly FacIors 

Pumned Hydro Enarw Sloraoc - 500 MW 194 257 320 
Tochnoloqy 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Bio Mas5 (Co.Fiie) I Mollen Caiimnalc Fuel Cell. 300 hW 

271 
181 

198 
148 
146 
217 
154 
138 
118 
154 
150 
158 
174 
457 
501 
398 
352 
357 
398 
355 
351 
355 
335 
339 
523 
458 
410 
410 
807 
898 
899 
594 
703 
559 
554 
560 
501 
503 
299 
585 
909 
592 
867 
897 
758 

1848 
1031 
487 
582 
759 
391 
538 

329 
272 

318 
205 
24 1 
299 
235 
209 
109 
228 
251 
229 
248 
535 
842 
419 
373 
377 
420 
378 
381 
384 
357 
358 
547 
478 
430 
428 
710 
725 
730 
723 
731 
588 
892 
583 
824 
825 
288 
582 
909 
593 
857 
898 
758 

1819 
1913 
525 
805 
755 
411 
617 

387 
3M 

434 
423 
355 
380 
307 
280 
259 
297 
351 
291 
322 

783 
441 
395 
397 
441 
398 
401 
404 
377 
370 
572 
497 
449 
445 
748 
754 
761 
752 
758 
717 
719 
707 
548 
540 
277 
578 

... 

._ __ 
._ 
899 099 
750 757 

1790 1750 
1995 2078 
585 504 
829 852 
751 747 
430 450 
898 778 

-. 

.... 

552 
552 
490 
452 
378 
352 
330 
389 
452 
352 
395 

924 
452 
416 
417 
453 
419 
421 
423 
398 
397 
595 
517 
459 
455 
779 
783 
791 
701 
705 
745 
747 
730 
67 1 
870 

574 

.. . . ~. 
255 

-. 
_. 

598 885 
fll 6°C 

-.. 
-. 
_.. 

870 
701 
815 
544 
450 
423 
400 
441 
553 
413 
470 

1088 
403 
437 
437 
484 
441 
441 
442 
418 
415 
821 
538 
488 
403 
809 
812 
822 
809 
814 
775 
774 
754 
895 
592 

570 

_. 

_.. 

__ 
_.. 

900 

1731 
2180 
843 
875 
742 
459 
855 
774 
599 

_.. 

708 
839 
739 
525 
521 
494 
471 
512 
853 
475 
544 

1207 
504 
458 
457 
505 
452 
481 
482 
439 
436 
545 
558 
508 
501 
840 
841 
053 
838 
842 
804 
802 
777 
710 
715 

585 

_. 

-. 

.-. 

.- 
- 

900 

1702 
2242 
583 
898 
738 
489 
934 
863 
_. 

908 
978 
864 
707 
592 
555 
542 
584 
754 
535 
515 

1348 
528 
480 
477 
527 
483 
481 
401 
459 
455 
870 
578 
527 
519 
871 
870 
804 
887 
889 
033 
829 
801 
742 
737 

559 

- 

._ 
- 
- 
900 

1873 
2324 
722 
722 
734 
608 

1013 
952 

- 

- 

.- 

.- 

._ 

1024 
1117 
909 
789 
554 
535 
812 
855 
055 
597 
592 

1489 
547 
501 
497 
549 
505 
501 
500 
480 

594 
595 
547 
537 
901 
899 
915 
098 
897 
052 
857 
824 
755 
759 

553 

._ 

..~. ~ 

475 

__ 

1544 
2407 

751 
745 
729 
528 

1092 
1041 - 

1142 
1255 
1113 
870 
735 
708 
803 
727 
955 
559 
755 

1630 
580 
522 
517 
570 
528 
521 
520 

-.. 

1250 
1394 
1238 
952 
808 
779 
753 
799 

1055 
720 
835 

1771 
590 
544 
537 
592 
548 
54 1 
539 

500 521 
494 513 
719 ..- 
515 
555 -- 
555 
932 982 
928 957 
948 978 
925 954 

_ _  

925 953 
891 920 
884 912 
847 
788 
782 -~ 

547 540 
-. 

-. .-. 
_.. .- 
_. 
.- 
__ 
2489 

800 839 
758 791 
723 717 
547 587 

Spark lqnilion Engine. 5 MW 410 507 
Hydrocleclric. New. 30 MW 522 615 _._I - -  391 385 379 372 -- - - ..- -. 

Mlnlmum L w d G  SlkW 115 189 259 285 400 438 455 475 494 513 531 

1171 1251 
1130 1219 - _. 

-. 
-. 
_. 

1378 
1533 
1383 
1034 
878 
850 
824 
570 
-.. 
_.. 
... 
_. 
1912 
81 1 
585 
557 
813 
589 
58 1 
558 
54 1 
-533 
_.. __ 
-- 
_.. 

993 
987 

1007 
982 
980 
949 
939 _.. __ 
-. 
- 
533 
.- 

- 

__ 
-.. 

814 

50f 
-.. 

_.. 
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Exhibit 6 

Simple Cyclr? GE LM6000 CT . Peaking Capacily 
Simplc Cycle GE 7EA CT . Peaking Capacily 
Simplc Cycle GE 7FA CT . Peaking Capacily 
Combined Cycle GE 7EA CT . lnlcrmedialc Load 
Combined Cycle GE 7FA CT - Inloimadialc Load 
Combined Cycle 2x1 GE 7FA CT . lnlcrmcdialc Load 
Combincd Cyclc 3x1 GE 7FB CT . lnlcnnedialc Load 
Siemens 5000F CC CT . InlcrmOdiaIc Load 
Humid Air Turbine Cycle CT . 366 MW 
Kalina Cyclc CC CT - 282 MW 
Chcng Cycle CT . I40  MW 
Peaking Microlurbine . 0 03 MW 
Bascloiid Microlublne. 0 03 MW 
Subcrilical Pulverized Coal. 250 MW 
subcriiical Pulverized Coal - 500 MW 
Submilical Pulvcrizcd Coal. High Sullur - 500 MW 
Circulabng Fluidized Bed - 250 MW 
Circulating FIUidmd Bed. 500 MW 
Supcrcrilical Pulverized Coal . 500 MW 
Supcrcrilv=a Pulverized Coal High Sullur . 500 MW 
Suparerilical PUlvmiZed Coal - 750 MW 
Supeicrilical Puiveiircd Coal High Sullui - 750 MW 
PmsIuiiied Fluidiiod Bad Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. HighSullur 
Subcrilical PuIvPmcd Coal - 500 MW . CCS 
SUbCrilical Pulverized Coal. High Sulfur - 500 MW - CCS 
Ciiculaling Fluidized Bed - 500 MW . CCS 
Supcicrilical PuIvmzod Coal - 500 MW . CCS 
Supeicrilical Pdverized Coal High Sulfur - 500 MW - CCS 
Supcmlical PUlveiiied Coal - 750 MW . CCS 
Suporciilical Pulverized Coal lilgh Sulfur - 750 MW . CCS 
1x1 IGCC-CCS 
2x1 IGCC . CCS 
2x1 IGCC HighSullur- CCS 
Wind Energy Conveision - 50 MW 
Geothermal .30 MW 
Solar Pholovallaic. 50 kW 
Solar Thcrmal. PuiabolicTirough. 100 MW 
Solar Thermal Parabolic Dish. 1 2 MW 
Solar Thermal Central Receiver- 50 MW 
Solar Thcimill Solar Chimnoy .50 MW 
MSW Mas5 Bum - 7 MW 
RDF Slokat-Fired .7 MW 

Levelized Dollars at Various Capacity Factors With SO2 Adders. without COZ Adders, and with NOx Adders 

Capllal Corl- Hlgh 2007 (SlhWyr) 
Heal R a e -  Bas0 
Fuel FOTCCBSL- High C~puclly Fadors 

Pumped Hydro Energy Storage. 500 MW 194 257 320 -.. ___ ___ __ 
Lead.Amd Ballcry Enaigy Storage. 5 MW 
Compressed Air Encrgy Slorage - 500 MW 

Tcchnoiogy 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

271 
181 

329 
284 

387 
386 

198 
148 
116 
217 
164 
138 
118 
154 
150 
188 
174 
467 
501 
396 
352 
357 
398 
355 
381 
365 
338 
339 
523 
458 
410 
410 
887 
696 
699 
694 
703 
659 
884 
660 
801 
803 
299 
566 
909 
592 
867 
097 
758 

1648 
1831 
487 
582 
759 
391 

339 
313 
267 
319 
253 
227 
206 
243 
278 
245 
288 
670 
677 

374 
378 
421 
377 
382 
385 
357 
359 
549 
478 
430 
429 
719 
728 
731 
724 
732 
689 
693 
885 
626 

420 

479 
481 
417 

342 
315 
294 
332 
401 
321 
358 

053 
443 
397 
399 
443 
400 
403 
406 
379 
379 
574 
499 
451 
448 
751 
757 
764 
754 
761 

721 
709 
650 

4211 

- 

720 

820 761 901 
848 815 983 
568 719 669 
522 824 725 

404 492 581 
382 489 557 

527 653 778 
398 475 551 
449 541 833 

430 519 608 

421 510 599 

1042 1183 1323 1464 1805 
1150 1317 1485 1652 1819 

027 929 1030 1132 1234 
1020 1171 1321 1472 1623 

697 785 874 963 1052 
670 758 847 935 1024 
645 733 021 909 996 
689 778 867 956 1045 
904 1029 1155 1281 - 
828 704 781 856 -.- 
725 817 909 1000 

_.. 
1030 1206 1382 
465 488 510 
419 441 463 

_.. .... 
1558 1734 1910 2087 2263 
532 555 577 600 822 
486 508 530 553 575 

420 441 462 
466 408 511 
422 445 487 
424 445 466 
428 446 467 

483 504 525 548 557 
534 556 579 602 624 
489 512 534 557 579 
407 508 529 550 571 
487 507 528 546 568 

.. . ... .. . . . . . .. . .. 
519 540 560 581 801 822 -.. 
471 492 
467 406 
783 815 
787 816 
798 828 
785 815 
790 819 
750 781 

734 758 
675 699 

750 779 

512 
505 
047 
846 
880 
845 
848 
81 1 
808 
703 
724 
720 

565 
.-. 

900 

1691 
2263 

736 
704 
738 
494 

1031 
977 
-. 

553 
543 
911 

925 
905 
908 
872 
885 
832 
773 
767 

553 

909 

__ 
_- 
._ 

1628 
2436 
836 
753 
729 
535 

1228 
1201 
..- 

574 -.. - 533 
524 
879 
678 
093 
875 
877 
84 1 
836 
606 
749 
744 

559 
-. 

- 
._ 
.- 
eon 
_. 
1859 
2350 

708 
729 
734 
514 

1129 
1089 

562 .___ - 
943 975 1007 
939 970 1000 
957 989 1022 
935 966 996 
935 984 993 
902 932 963 
894 923 951 
857 _.. 
798 -.. 
790 __ 
... -. ._ , .. . 
547 540 :, ,.53? _. ._. _. 
... - _. 
... -. 
._ -.. 
... _. - 
.- .... -.. 
2523 ..- -. 
888 938 -. 
778 802 82E 
723 717 
555 576 591 

1326 1425 
1312 1424 --. 
... -.. 

826 -_650 673 897 
208 277 266 
582 578 574 570 
909 __ ._. 
593 ._ -.. 
857 _- __ __ 
898 899 699 900 
758 758 757 

1817 1785 1754 1722 
1917 2004 2090 2177 
537 587 837 667 
606 631 855 880 
755 751 747 742 
412 432 453 473 Bio Mass (Co-Fiic) I Mollcn Caibonalc Fuol Call .300 XW 538 837 735 834 932 

Spark Ignition Engine . 5 MW 418 530 642 753 885 
HydrOCloCliiC . New - 30 MW 622 816 611 605 599 
Ohio Fa115 9.10 ..- __ .... .- 391 305 379 372 - 

-I_- 

Mlnlmum Lovcilzcd SlhW 116 206 277 265 420 440 460 481 501 521 53: 
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Exhibit 6 

Techndogy 0% 10% 20% 30% 40% 50% 80% 70% 80% 90% 100% 
Pumped Hydro Enctgy Sloiage - 500 MW 194 257 320 -.. ___ __ __ -. 
Lead-Acid Bellary Energy Slomgc . 5  MW 
Comprcsscd Air Enorgy Storage. 500 MW 

199 
147 
117 
218 
165 
139 
118 
155 
152 
188 
175 
488 
504 
398 
352 
357 
398 
355 
361 
365 
335 
339 
523 
458 
410 
410 
887 
898 
899 
694 
703 
659 
664 
680 
601 
603 
299 
586 
909 
592 
887 
897 
758 

1848 
1831 
487 
582 
759 
391 

271 
161 

329 
260 

290 
252 
212 
277 
218 
190 
159 
207 
224 
212 
228 
595 
GO5 
420 
374 
378 
420 
377 
382 
365 
357 
359 
548 
478 
430 
429 
718 
726 
731 
724 
731 
889 
892 
884 
625 
626 
288 
582 
909 
593 
867 
898 
758 

1818 
1915 
514 
GO6 
755 
411 

387 -.. 
339 --- 

382 473 
358 463 
306 401 
336 395 
267 319 
241 293 
220 270 
258 310 
298 388 
255 299 
282 335 
.._ .... 

705 806 
442 464 
395 418 
398 419 
442 464 
399 421 
402 423 
405 425 
378 399 
379 398 
573 598 
498 518 
450 470 
447 486 
750 701 

782 794 
755 785 

753 783 
750 788 
718 748 
720 749 
708 732 
849 673 
649 871 
277 255 
578 574 

__ - 
699 899 
758 757 

1789 1759 
2000 2084 
540 587 
830 654 
751 747 
431 451 

_.. 

584 
558 
498 
453 
370 
344 
321 
361 
439 
342 
388 

907 
485 
439 
439 
488 
443 
443 
445 
420 
418 
823 
538 
490 
484 
813 
815 
825 
812 
817 
778 
777 
757 
697 
694 

570 

__ 

_. 
- 
_. 
_. 

900 

1729 
2169 
593 
878 
743 
471 

_. 

-. 

656 
674 
590 
512 
421 
395 
372 
413 
51 1 
388 
442 

1008 
507 
461 
460 
506 
465 
464 
464 
441 
438 
648 
558 
510 
503 
a44 
845 
857 
842 
845 
808 
805 
781 
721 
717 

585 

_. 

-. 
900 

1899 
2253 

820 
702 
739 
491 

- 
747 
779 
885 
571 
472 
448 
423 
464 
583 
429 
495 

1108 
529 
483 
480 
530 
487 
484 
484 
482 
458 
874 
579 
530 
521 
875 
874 
889 
87 1 
873 
837 
833 
GO5 
745 
740 

559 
_. 
__ 
- 

900 

1670 
2338 

848 
728 
734 
512 

._ 

.... 

838 
884 
780 
630 
524 
497 
473 
518 
655 
473 
548 

1209 
551 
505 
501 
552 
509 
505 
504 
483 
476 
699 
599 
550 
540 
907 
904 
920 
901 
902 
867 
861 
629 
769 
763 

553 

.... 

._ 

- 
._ 
._. 
.._ 
1640 
2422 

673 
749 
730 
532 

930 
990 
874 
GO9 
575 
549 
524 
568 
727 
518 
602 

1310 
573 
527 
521 
57s 
531 
525 
524 
504 
497 
724 
819 
570 
558 
938 
934 
952 
930 
930 
897 
889 
853 
793 
786 

547 

-.. 

__ 
- -- 
_. 
._ 

2507 
699 
773 
724 
552 

_. 
_.. 

1021 
1095 
959 
748 
628 
600 
575 
619 
799 
560 
655 

1410 
595 
549 
542 
597 
553 
548 
544 
528 
517 

_. 

__ 
_. 

969 
964 
983 
960 
959 
927 
918 

_. 
-.. 
-.. 

540 _. 
._ 

- 
726 
797 
718 
572 

.... 
_. 

1112 
1200 
1064 
808 
677 
851 
828 
671 
.... 
_. 
- 

1511 
818 
570 
563 
619 
575 
566 
564 
547 
537 
_. - 
-. 
_. 
1001 
993 

1015 
969 
987 
956 
946 

._ 
- 535 
-. 
._ 
-. 
- __ 
-.. __ 

821 

592 
539 598 653 709 786 823 880 
419 482 545 607 670 733 796 i2i % I Mollcn Ca*onale Fuel Cell . 300 kW 

Spark lgnilion Engine. 5 MW 
Hydioeleclric. NOW. 30 MW 622 616 811 605 599 .- --- 
Ohio Falls 9.10 391 385 379 372 - --- 

Mlnlmum LeVClimd SlkW 117 189 220 285 321 372 423 473 497 517 533 
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Exhibit 6 

Simple Cycle GE LM6000 CT . Poaking Capacity 
Simple Cyclc GE 7EA CT - Peaking Capacity 
Simple Cycle GE 7FA CT - Peaking Capacily 
Combincd Cycle GE 7EA CT . lnlcmcdiale Load 
Combined Cycle GE 7FA CT - lnlamcdivle Loud 
Combined Cycle 2x1 GE 7FA CT . Inlcrmcdialc Load 
Combined Cyclc 3x1 GE 7FB CT . lnlcmcdialc Load 
Siemens 5000F CC CT - Inlormcd8ala Load 
HUrntd Air Turbine Cyclc CT .366 MW 
IKalna Cycle CC CT . 202 MW 
Chang Cycle CT - 140 MW 
Pcaking Microturbine. 0 03 MW 
Bareload Microlurbino - 0 03 MW 
SUbCItI$cal PUlveiizod Coal . 250 MW 
SUbCiiliCal Pulverized Coal .500 MW 
Subcrilical Puivcriicd Coal. IHigh Sulfur - 500 MW 
Circulaling FlUidiLed Bed. 250 MW 
Ciiculaling Fluidized Bed - 500 MW 
Supcrcrilical Pulvcrircd Coal. 500 MW 
Supcrcrilical Pulverized Coal High Sulfur. 500 MW 
Suporciillcal Pulveiircd Coal - 750 MW 
Supcrcrilivl PuIveii2cd Coal. High Sulfur. 750 MW 
PiessUmCd Fluidized Bed Combuslion 
1x1 IGCC 
2x1 iGCC 
2x1 IGCC. High Sultui 
Subcrilical Pulverized Coal. 500 MW . CCS 
Subcriliwl Pulverized Coal. lligh Sultui - 500 MW. CCS 
Circulating Fluidized Bed . 500 MW . CCS 
SUpercrilical Pulveriicd Coal - 500 MW . CCS 
Supelcrilical Pulverized Coal High Sulfui. 500 MW . CCS 
Supetcrilical Pulverized Coal - 750 MW . CCS 
Supciciilical Pulverized Coal IHigh Sultui - 750 MW . CCS 
1x1 IGCC . CCS 
2x1 IGCC . CCS 
2x1 IGCC. High Sulfur - CCS 
Wind Energy Convemirn .50 MW 
Geolheimal .30 MW 
Solar Pholovollaic - 50 kW 
SolaiThcimal PambolicTmugh. 100 MW 
Solar Thermal Parabolic Dish. 1 2 MW 
Solar Thorrnul, Central Rccsivar - 50 MW 
Solar Thermal Solar Chimney. 50 MW 
MSW Mars Bum. 7 MW 
RDF Stoker-Fired - 7 MW 
Landfill Gas IC Engine. 5 MW 
TDF MuIII.FucI CFB (10% Co.fire). 50 MW 
Sowagc Sludgc 8 Anacmbic Digestion. 065 MW I Bio Mas5 fco-Firel 

IMlollsn Ca;bonnleFusl Cali - 300 kW 

199 
147 
117 
216 
165 
139 
110 
155 
152 
160 
175 
468 
504 
396 
352 
357 
396 
355 
361 
365 
336 
339 
523 
456 
4 10 
410 
607 
696 
699 
694 
703 
659 
664 
660 
601 
603 
299 
586 
909 
592 
067 
697 
756 

1040 
1031 
407 
562 
759 
391 
539 

271 
161 

1-0 

329 
275 

321 
291 
246 
304 
240 
214 
i 9 2  
230 
257 
232 
252 
643 
652 
420 
374 
370 
421 
377 
362 
305 
357 
359 
549 
470 
430 
429 
719 
726 
731 
724 
732 
689 
693 
604 
625 
626 
260 
562 
909 
593 
067 
690 
750 

1016 
1917 
526 
606 
755 
411 
622 

Levelired Doliars at Various Capacity Factors With SO2 Adders, without C 0 2  Adders. and with NOx Adders 

Capilai Cast- High 2007 (SlkWyr) 
Heal Rate- High 
Fuel Forecast- Base Cepaclly Faders 

Tcchnolagy 0% 10% 20% 30% 40% 59% 60% 70% 8 0 %  90% 100% 
Pumped Hydro Energy Sloragc - 500 MW 194 257 320 _. _. ___ ___ 
Lead-Amd Ballery Energy Storago. 5 MW 
CompicaScd A r  Energy Storage - 500 MW 

307 
369 

443 565 
435 579 
376 505 
309 475 
314 309 
206 363 
266 340 
305 300 
363 466 
296 361 
330 407 

000 986 
443 465 
3% 419 

-_ 

399 420 
443 466 
400 422 
403 424 
405 426 
379 400 
379 399 
574 600 
499 519 
451 471 
440 467 
751 702 
757 707 
763 795 
754 704 
761 790 
720 750 
721 750 
709 733 
650 674 
650 673 
277 265 
576 574 

__ .... 
899 099 
756 757 

1703 1751 
2003 2069 

570 611 
631 655 
751 747 
432 452 
705 706 

. .. 

607 
723 
634 
560 
464 
437 
413 
455 
574 
425 
464 

1095 
467 
44 1 
44 1 
406 
444 
444 
446 
422 
420 
625 
540 
491 
406 
614 
617 
620 
014 
010 
760 
776 
758 
699 
696 

570 

_.. 

-. 

._. 

900 

1718 
2175 
652 
679 
743 
473 
671 

-. 

609 931 
667 1011 
764 093 
646 731 
530 613 
512 507 
467 561 
530 605 
679 705 
409 553 
562 639 _. 

1243 1391 
509 532 
463 465 
401 462 
511 533 
466 469 
465 466 
466 406 
443 464 
440 160 
651 676 
560 561 
512 532 
505 523 
646 076 
047 076 
660 092 
044 074 
M 7  676 
010 041 
007 036 
762 807 
723 740 
720 743 

.-. 
565 559 

.._ 
900 900 _. .... 

1666 1654 
2261 2347 

694 735 
704 726 
739 734 
493 514 
953 1036 

.._ 

1053 
1155 
1022 
617 
607 
661 
635 
600 
090 
617 
716 

1539 
554 
507 
503 
556 
511 
507 
507 
466 
480 
702 
601 
552 
542 
910 
906 
924 
904 
905 
071 
064 
031 
772 
766 

553 

.._ 

.- 

..- 
1621 
2433 

776 
752 
730 
534 

1119 

_.. 
- 

1175 
1299 
1152 
902 
762 
736 
709 
756 
996 
602 
794 

1667 
576 
529 
524 
576 
533 
526 
527 
507 
500 
720 
622 
573 
561 
942 
930 
956 
934 
934 
901 
693 
656 
797 
769 

547 

-.. 

__ 
_. 
..- 
_. 
.- 
2519 
010 
777 
724 
554 

1202 

-. 

1297 
1443 
1201 
960 
037 
01 1 
703 
031 

1101 
746 
67 1 

1635 
599 
552 
545 
601 
556 
549 
547 
520 
620 ._ 
-.. 
_. - 

973 
969 
900 
965 
963 
932 
922 

-. 

540 

_. 
.- 

_.. 

859 
001 
710 
575 

1205 

.... 

1419 
1507 
1410 
1073 
911 
005 
057 
906 __ 

.... 
_.. 
.-. 
1982 
621 
574 
566 
623 
570 
569 
567 
550 
540 

__ 
1005 
999 

1021 
995 
991 
962 
950 
_. 
-. __ - 
"'"533- 

.... 

.- 

_. 
825 

595 

512 606 699 793 066 979 1073 1166 1260 -. I Spark Ignition Engine . 5  MW 
HydroOleclriC. New. 30 MW 622 616 611 605 599 --.. ..- __ _. 

-..I 

Ohio Fails 9-10 391 305 379 372 -.. __ __ __ .-. 
Mlnlmum Levcilmd SlkW 117 192 266 265 413 440 460 400 500 520 533 
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Exhibit 6 

Leveliied Dollars at Various Capacity Factors With SO2 Adders, without COZ Adders, and with NOx Adders 

Capllal Cost- Hlgh 
Hcal Ralo- High 
Fuol Forcc~sl- High Capaclly Faclois 

Pumpod Hydm Encrgy Slarago. 500 MW 194 257 320 ___ .... ___ 
Lcm-Aod Ballcry Encrgy Storage - 5 MW ?71 379 387 . 
Compressed Atr Energy Sloragc .500 MW 

2007 (SlkW yr) 

Tcchnalagy 0% I 10% 20% 30% 40% 50% 80% 70% 80% 90% 100% 

-. .... 
-.. ._. 

..- 

. . _ I  ...... 

2x1 IGCC 
2x1 IGCC. High S~ l l u r  
SUbCiilical PuIvm2cd Coal . 500 MW . CCS 
Subciilical PUlverized Coal. Hioli Suliui .500 MW - CCS 
Clrculaling Fluidized Bed - 500MW - CCS 
Supenrilical Pulverized Coal. 500 MW . CCS 
Supanrilical Pulverized Coal High Sullui. 500 MW - CCS 
Supciciiliwl PUivCrizCd Coal - 750 MW - CCS 
SuOerciilical PuIvcnzed Coal HiOh Sultur . 750 MW. CCS 

Solar Pholovollaic. 50 kW 
Solor Thermal Parabolic Tmugh - 100 MW 
Solar Thcimal. Parabolic Dish - I 2 MW 
SolarThermal Ccntral R ~ c ~ 1 v e 1 - 5 0  MW 
Solar Thermal Solar Chimney. 50 MW 
MSW Mass Burn - 7 MW 
ROF SlOkCi-Firod .7 MW 
Landfill Gas IC Engine - 5 MW 
TDF Mulli-Fuai CFB (10% Co.Brc) - 50 MW 
Sewage Sludgc B Anacrobic Digaslion. 085 MW 
Bio Mass (Ca-Fire) 
Mollen Carbonale Fuel Cell - 300 kW 
Spark Ignition Engine .5 MW 
Hvdioeleclric - New - 30 MW 

101 
~~ 

392 

199 
147 
117 
210 
105 
139 
1 I O  
155 
152 
168 
175 
486 
504 
396 
352 
357 
398 
355 
301 
365 
336 
339 
523 
458 
410 
410 
687 
696 
099 
094 
703 
059 
064 
680 
601 
603 
299 
586 
909 
592 
867 
097 
758 

1040 
1031 
407 
502 
759 
391 
539 
419 
622 

346 
322 
274 
324 
250 
232 
210 
240 
284 
246 
271 
079 
689 
421 
375 
379 
422 
378 
303 
306 
358 
360 
550 
479 
431 
430 
720 
720 
733 
725 
733 
691 
694 

492 
496 
430 
431 
351 
325 
302 
342 
415 
329 
367 

073 
445 
399 
401 
445 
402 
405 
407 
381 
381 
577 
501 
453 
450 
754 
759 
705 
757 
763 
722 
724 

.- 

039 766 932 1079 1226 1372 1519 
671 046 1020 1195 1370 1544 1719 
587 744 900 1057 1214 1370 1527 
537 643 750 050 962 1069 1175 
444 536 629 722 
417 510 603 696 
394 486 578 070 
435 528 622 715 
547 678 010 942 
409 409 570 650 
404 580 656 752 

1058 1243 1421 1612 
468 492 515 538 
422 445 468 492 
423 445 467 408 
400 492 516 540 
425 449 472 495 
427 449 471 493 

-.. -- 

015 906 IO01 
109 082 974 
763 055 947 
000 902 995 

1073 1205 1337 
730 811 091 
040 944 1041 

1796 1981 2166 
562 585 600 
515 530 562 

.-. 

510 532 554 
563 587 010 
S I 9  547 'I66 
~ . . . ... 
515 537 559 

429 450 471 492 514 535 556 
403 426 448 471 493 516 538 

603 - 
522 544 565 586 608 620 x-. 

402 529 

474 495 
470 489 
767 821 
791 822 
600 033 
786 820 
794 024 
754 705 
754 784 

086 
c77 

711 731 703 " ~ .  652 870 104 
627 652 c76 701 
288 7277 285 
582 578 574 570 
909 ~- -- 
593 ..- 

898 099 899 900 
758 758 757 

1813 1770 1744 1709 

540 593 646 699 
608 033 659 604 
755 751 747 743 

867 ___ 

1921 2012 2102 2193 

413 434 456 477 
642 745 049 952 
536 854 771 889 
616 811 605 599 

510 538 
509 529 
054 687 
854 066 
067 901 
851 883 
054 084 
817 849 
814 044 
706 014 
729 755 
725 749 

565 559 
_. .- 

_. - 
_. ..- 
- __ 
900 900 

1674 1639 
2283 2374 
751 804 
710 735 
739 734 
499 520 

1055 1158 
1006 1124 

- .- 

_. 

559 580 -- 
549 569 -- 
921 954 987 
917 949 981 
934 908 1001 
914 946 977 
914 944 975 
000 912 943 
074 904 934 
040 065 
761 806 
774 796 

._. 

188f 
1694 
1084 
1281 
1093 
1061 
1035 
108E 

._. 
235C 
632 
58F 
57f 
634 
505 
501 
571 
561 
55c 
-.. 
_.. - 
-. 
1021 
1012 
103r 
100I 
100: 
97: 
96: 
-.. 
_. 
_.. 

. - _. _.. ._ -- 
553 547 540 63: 
._ -. .- _. 
- ._. .- 
._ _. -. 
_. ..- -. __ __ 
1604 - 
2464 2555 - - 

851 910 903 
761 786 812 03i 
730 724 710 - 
542 563 585 6Of 

1261 1365 1460 
1241 1359 1470 -I __ l o b  Fails 9-10 391 385 379 372 ~ -. __ __ 

Minimum Lovollzed SlkW 117 210 277 265 423 445 466 407 508 529 53: 
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Exhibit 8 

30-Year Levelized Cost for 
All Technologies over All Capacity 

Factors with COz Einissioris 
(High Price Forecast) 



Exhibit 8 

Simple Cycle GE LMGOOO CT . Peaking Capacllv 
Simple Cyolc GE 7EA CT - Peaking Capwily 
Simpla Cycle GE 7FA CT .Peaking Capacity 
Combincd Cyclc GE 7EA CT . lnlcrmodialc Load 
Combined Cyclr? GE 7FA CT . lnlcrmcdialc Load 
Combinsd Cycle 2x1 GE 7FA CT - Inlcimcd8alr! Loa8 
Combined Cyclc 3x1 GE 7F0 CT . Ihlennsdialc Loam 
Siornenr 5000F CC CT - lnleimcdialc Load 
Humid Air Turbino Cyclo CT . 366 MW 
I(alina Cyclo CC CT - 282 MW 
Chcng Cycle CT - 140 MW 
Peaking MiCiOlUibine .O 03 MW 
Baseloud Microeibinc .O 03 MW 
Subcrilical Pulverized Coal. 250 MW 
Subcrilical PUlVerilCd Coal - 500 MW 
Subcrilical Pulverized Coal. High Sullur. 500 MW 
Ciiculaling Fluidized Bed. 250 MW 
Circulating FIUldizDd Bed - 500 MW 
Supercriliwl Pulverized Coal - 500 MW 
Supercrilical Pulverized Coal High Sultur . 500 MW 
Supcrcrilical Pulvcriicd Coal .750 MW 
Supcrcrilical Pulverizcd Coal High Sullur. 750 MW 
Precssurizcd Fluidized Bed COmbUEliOn 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. Ii igh Sulfur 
Subcrilical Puivmzcd Coal. 500 MW . CCS 
Subcrilical Puluciizcd Coal. High Sultui. 500 MW - I 
Circulaling Fluidized Bed. 500 MW - CCS 
Superciilical Pulverized Coal . 500 MW . CCS 
Supcrcrilical PUlvCllzed Coal Wgh Sulfur. 500 MW 
Supcrcrilical Pulvcrizod Coal .750 MW - CCS 
supciciilical Pulverized coal High Sullur. 750 MW 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullw - CCS 
Wind Energy Conversion. 50 MW 
Gcolhcrmal . 30 MW 
Solvi PholoVOllaiC .50 kW 
SolaiTllermal PaiabolicTrough - 100 MW 
SolarThormal. Parabolic Dish. 1 2  MW 
solar Thermal Central Receiver. 50 MW 
Solar Thormui Solar Chimney - 50 MW 
MSW Mass Burn - 7 MW 
RDF Slokcr.Flred. 7 MW 
Landfill Gas IC Engine. 5 MW 
TDF MullI.Fucl CFB (10% Co.firc) - 50 MW 
Sewagc Sludge B Anaerobic Digaslion . 085 MW 
0ia M a s  (Co.Fiie) 
Mollon Caibonalc Fuel Cell - 300 kW 

Levelired Dollars af Various Capacity Facfars With SO2 Adders, wifh High C 0 2  Adders, and with NOx Adders 

Capllal COSl. Base 
Heal Ralo- Bare 
Fucl FO~CCUEI- Bare C a ~ a c l l y  Factors 

Pumped Hydra Enorgy Storage. 500 MW 147 210 273 . _.. 

2007 (SlhW yr) 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

LcadAmd 0allaiy Energy Slorage - 5 MW 
Comprcssod AI, Energy Sloragc. 500 MW 

221 
140 

279 
237 

172 
128 
i o 2  
191 
144 
122 
104 
134 
132 
145 
151 
422 
456 
331 
291 
297 
330 
293 
299 
303 
277 
280 
412 
388 
327 
327 
524 
532 
532 
531 
538 
501 
505 
510 
462 
464 
259 
484 
755 
506 
734 
771 
846 

1741 
1685 
455 
489 
693 
324 

301 
260 
239 
282 
224 
201 
i 8 3  
214 
244 
213 
233 
606 
813 
384 
324 
329 
364 
326 
330 
334 
309 
311 
450 
398 
357 
356 
557 
563 
555 
582 
568 
532 
534 
535 
467 
488 
248 
460 
765 
507 
734 
772 
64C 

1773 
1774 
508 
526 
695 
355 

463 
402 
"7.1 dFi7 

551 
502 

429 
432 
375 
373 
303 
281 
251 
294 
357 
282 
315 

771 
398 
357 
360 
397 
360 
362 
364 
341 
341 
480 
429 
388 
385 
589 
594 
598 
592 
597 
563 
564 
560 
512 
512 
237 
475 

.._ 

.- 
.... 
- 

773 
646 

1804 
1862 
582 
563 
695 
387 
639 

337 
333 

601 
dGl) 

.- 

... 

._ 

558 
584 
512 
464 
383 
360 
340 
373 
469 
350 
398 

928 
431 
390 
392 
431 
393 
393 
395 

__ 

__ 
687 
735 
649 
555 
462 
439 
416 
453 
581 
419 
480 

1086 
484 
424 
424 
464 
427 
425 
426 

373 405 
372 I -403 
525 563 
459 490 
418 445 
414 443 
622 654 
625 656 
630 663 
623 654 
627 655 
594 625 
593 623 
585 610 
537 562 
538 560 
225 -- 
472 467 

773 773 
645 -- 

1836 1868 
1991 2099 
615 668 
600 637 
700 703 
418 449 
727 816 
701 800 
456 449 

._. 
_.. .... 
_.. 

815 
888 
785 
846 
542 
519 
497 
533 
894 
487 
582 

1243 
497 
457 
456 
498 
450 
456 
457 
437 

-433 
601 
520 
479 
471 
687 
587 
696 
685 
586 
856 
652 
635 
587 
584 

- 

944 
1040 
922 
737 
621 
598 
575 
613 
606 
556 
644 

1401 
531 
490 
467 
532 
493 
488 
467 
469 
464 
639 
551 
509 
500 
720 
718 
729 
715 
716 
687 
681 
561 
613 
507 

_. 

1073 
1192 
1059 
826 
701 
577 
654 
693 
918 
624 
727 

1558 
564 
523 
519 
565 
527 
519 
518 
501 
494 
677 
561 
539 
529 
752 
749 
752 
746 
745 
718 
711 
686 
638 
631 

I_ 

1201 
1344 
1195 
919 

757 
733 
772 

1031 
693 
809 

1715 
597 
556 
551 
599 
560 
551 
549 
533 
525 
715 
612 
570 
558 
785 
781 
795 
777 
775 
749 
740 
711 
653 
655 

780 

-. ._. 
... 
_.. .... 

1330 145! 
1495 1641 
1332 1461 
I010 110 
880 93! 
836 91! 
811 891 
852 93: 

1143 .- 
761 --- 
691 ..- 

1873 2031 
630 66, 
589 62: 
583 61. 
632 861 
593 62 
582 61. 
580 511 
565 5 4  
555 581 

_.. 

..- __ .-. 
-. __ 

e17 65, 
612 64, 
827 864 
807 83, 
805 83, 
779 81' 
770 79 .... 

.- - 
I 

462 
.- 
-. ._. __ ._ - 

774 774 .- - 
1900 1931 1963 - -_ 
2208 2317 2425 2534 .- -.. 

_. ___ .... __ 
722 775 028 882 935 - 
674 711 748 785 821 85 
705 707 708 709 '108 .- 
480 511 543 574 605 63 

Spark lgnilion Engine. 5 MW 
HydrOelCcliiC . New - 30 MW 
Ohio Falls 9.10 293 287 281 273 - --- _. __ -. 

Mlnlmum Lcvcllred SlkW 102 163 237 225 403 433 456 449 442 435 42 

904 992 1080 1158 1256 ---- 
900 999 1099 1199 1298 - 
I .-. _. ._ - 

Generalion Planning 



Exhibit 8 

Lead-Acid Batlev Encrgy Storago. 5 MW 
Comprosscd Air Energy Sloraga - 500 MW 

Simple Cycle GE LM6000 CT . Peaking Capacily 
Sirnpi,ic Cydc Gf 7EA CT . Pcahlnq Capac-iiy 
Simple Cycle GE 7FA CT .Peaking Cnpaciiy 
Combiircd Cycle GE 7EA CT - lnleimcdialc Load 
Combinod Cycle GE 7FA CT . lnleimcdialo Load 
Combined Cyclc 2x1 GE 7FA CT . Inlcrmadiaie Loa, 
Combined Cycle 3x1 GE 7FB CT . lnlcmcdials Loam 
Siemens 5000F CC CT . Intermedialo Load 
Humid Air TUrbinC Cydo CT .365 MW 
Kalina Cycle CC CT .282 MW 
Chong Cycle CT . 140 MW 
Peaking Microluibinc . 0 03 MW 
Bvscload Miuoluibins - 0 03 MW 
Subcrilical Pulverized Coal - 250 MW 
Subcritical Pulverized Coal. 500 MW 
Subcnliwl Puivemed Coal. High Sulfur - 500 MW 
Circulilling Fluidized Bod - 250 MW 
Circulaling Fluidized Bed . 500 MW 
SupwciiliCal Pulvcrired Coal. 500 MW 
Supcrcrilical Pulvciizcd Coal High Suilui. 500 MW 
Supercritical Pulverized Coal - 750 MW 
supemrilicat Pulverized Caai High Sulfur - 750 MW 
Prcssuiized Flutdimd Bed Combustion 
1x1 IGCC 

Levelired Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

Capilal COS1.LOW 2887 (SlkW yi) 
Heal Aalo-Low 
Fuel Forecasl-Low 

Pumped Hydro Energy Sloragc . 500 MW 

Cepacily Faclors 
Technology 0% 10% 20% 30% 48% 50% 60% 70% 80% 9 O " / , , o o S  

i l d  iq7 26" .-. __ .._ -.. 

2x1 IGCC 
2x1 IGCC. High Sulfui 
Subcriliwl Pulverized Coal. 500 MW. CCS 
Subcrilical Pulvoriied Coal. High Sulfur - 500 MW . I 
Circulating Fluidized Bed - 500 MW . CCS 
Supercritical Pulvcrired Coal .500 MW - CCS 
Supercriiical Pulverized Coal High Sulfui - 500 MW 
Superciiliul Pulverized Coal - 750 MW . CCS 
Supcmriiiwl Pulverized Coal Hioh Sullur - 750 MW 
1x1 iGCC-CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullui- CCS 
Wind Energy Conversion - 50 MW 
Gcolhcimil - 30 MW 
Solar Pholovollat .50 XW 
SolarThcrmal PaiabolicTrough- 100MW 
Solar Thcrmal Parabolic Dish - 1 2 MW 
solar Thcrmai. Ccniral Rcceivcr - 50 MW 
Solar Thermal Solar Ciiimney . 50 MW 
MSW Mass Bum. 7 MW 
ROF Slakor-Fired - 7 MW 
Landfill Gas IC Engine. 5 MW 
TDF Muili-Fuel CFB (1OSb Co-fire) .50 MW 
Sewage Sludge B Anaerobic Oigcstian - 085 MW 
Bio Mass (Co-Fire) 
Moilen Caibonaia Fuel Coll .300 kW 
Spark lgnilion Englno - 5 MW I Hvdroeleclrir . New. 30 MW 

201 
128 

158 
118 
94 

177 
132 
112 
96 

124 
123 
133 
139 
398 
430 
305 
267 
272 
303 
269 
275 
278 
254 
255 
354 
337 
300 
299 
476 
486 
509 
507 
514 
479 
482 
488 
442 
444 
238 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
527 
298 
388 
383 
409 

259 
209 

253 
229 
193 
239 
185 
166 
150 
179 
199 
179 
195 
532 
537 
337 
298 
302 
335 
301 
305 
307 
284 
285 
400 
365 
329 
326 
509 
515 
540 
536 
542 
508 
510 
512 
466 
467 
227 
439 
622 
422 
601 
646 
533 

1666 
1601 
458 
486 
629 
328 
448 
450 
403 

290 

349 
339 
293 
302 
24 I 
221 
204 
233 
275 
226 
252 

544 
355 
330 
332 
367 
332 
335 
335 
315 
314 
436 
395 
358 
354 
540 
545 
571 
555 
570 
537 
537 
535 
489 
489 
215 
435 

... 

647 
533 

1598 
1704 
495 
521 
531 
357 
509 
515 
398 

... 
317 

- 

.._ 

..- 

444 
450 
392 
364 
295 
275 
258 
285 
352 
272 
308 

751 
400 
361 
362 
398 
354 
364 
365 
345 
343 
472 
424 
386 
381 
570 
574 
602 
594 
598 
557 
565 
559 
513 
512 
203 
431 - 

..- 

647 
532 

1730 
1805 
531 
556 
633 
386 
559 
683 
392 

I 

-.. 

539 
56 I 
491 
426 
350 
330 
31 1 
343 
428 
319 
355 

858 
431 
393 
392 
430 
395 
394 
395 
375 
372 
508 
453 
415 
408 
60 1 
604 
633 
623 
626 
596 
593 
583 
537 
534 

425 

-.. 

__ 
_. - 
.... 

647 

1751 
1909 
588 
591 
535 
416 
629 
650 
384 

__ 

-.. 

635 
67 1 
591 
489 
404 
384 
365 
397 
505 
385 
421 

956 
463 
424 
422 
462 
427 
424 
424 
405 
402 
544 
481 
444 
435 
632 
833 
664 
652 
554 
525 
621 
606 
560 
557 

421 

-.. 

-. 

548 

1793 
2011 
604 
526 
637 
445 
690 
717 

-.. 

_. 

-. 
_. 

730 
782 
690 
551 
459 
439 
419 
452 
581 
411 
478 

1073 
494 
455 
452 
494 
459 
454 
453 
436 
431 
579 
510 
473 
463 
653 
562 
695 
681 
682 
554 
648 
630 
584 
580 

414 
.- 

-. 
.-. 

647 

1825 
2114 

64 1 
661 
639 
475 
750 
783 

.- 

- 

.- 

... 

825 
893 
789 
613 
513 
493 
473 
507 
657 
458 
534 

1180 
525 
487 
482 
526 
490 
484 
482 
466 
460 
615 
539 
501 
490 
694 
692 
725 
710 
710 
683 
676 
654 
608 
602 

407- 

... 

_ 
- 
._ 
.- 
... 
_. 
1657 
2216 
677 
696 
839 
504 
810 
850 
_. 

.- 

.- 

02 I 
1003 
589 
676 
568 
548 
527 
561 
734 
504 
591 

1287 
557 
518 
512 
558 
522 
514 
511 
497 
489 
651 
568 
530 
518 
725 
721 
757 
739 
739 
712 
704 
677 
631 
625 

400 

.. 

- _. 

__ __ 
._ 
..- 
._ 
._ 
2319 

714 
731 
639 
534 
870 
917 __ 

... 

.. 

1015 
1114 
988 
738 
622 
602 
581 
516 
810 
551 
547 

1394 
589 
549 
543 
589 
553 
543 
540 
527 
518 

_.. 

._ __ 

.- 

._ 
755 
751 
787 
768 
767 
742 
732 ._ - 
._ 
_. 
393 

-~ 
... __ 
.- 
-.. __ - 

750 
768 
638 
563 
931 
983 - 

.... 

I111 
1225 
1057 

8OC 
571 
557 
634 
67 1 

.... __ 

._ 
1501 
62[ 
581 
57: 
621 
58: 
57: 
57c 
55i 
54i 

- 
.... 

781 
751 
811 
79; 
79! 
77' 
751 
-.. 
_.. __ 

. 
381 _. 

_.. 

- 
.- 

801 

59; 
.._ 
- 

Ohio Fails 9-10 279 273 267 259 __ __ _. 
Mlnlmum Levollzad SlkW 94 150 204 203 311 355 411 407 400 393 381 



Exhibit 8 

Lead-Acid Ballcry E&gy Sl&agc. 5 MW 
Compressed Air Energy Storage - 500 MW 

Simplo Cycle GE LM6000 CT . Peaking Capacity 
Simple Cyclc GE 7EA CT . Peaking Capacity 
Simplc Cycle GE 7FA CT . Peaking Capacity 
Combinod Cyclo GE 7EA CT - lntcrmcdialo Load 
Combined Cyclc GE 7FA CT - lolermodiale Load 
Combined Cycie 2x1 GE 7FACT . lnlermodialo Loai 
Combined Cyclc 3x1 GE 7FB CT . Inlcrmediaic Loa* 
Siomcns 5000F CC CT . lnlormcdivla Load 
Humid Air Turbine Cyclc CT .386 MW 
Kallna Cycle CC CT .202 MW 
Chcng Cyclc CT .140 MW 
Pcaking Miciatuibinc .0 03 MW 
Baseload Miciolubinc . 0 03 MW 
Subcritical Pulverized Coal .250 MW 
Subcrilical Pulverized Coal - 500 MW 
Subciitical Pulverlzcd Coal, High Sulfur - 500 MW 
Circulating FlUidiiCd Bad - 250 MW 
Circulating Fluidized Bed. 500 MW 
Supcrcrilical Pulverized Coal .500 MW 
Supercritical Pulvcrizcd Coal High Sulluur. 500 MW 
Supercriticel Pulverized Coal - 750 MW 
Supercritical Pulverized Coal High Sulfur - 750 MW 
Prassurized Fluidized Bed Combustion 

~ 

Levelired Dollars at Various Capacify Factors Wifh SO2 Adders, with High CO2 Adders, and wifh NOx Adders 

capttat cDs1-Low 2007 (SlkW yr) 
Haat Rate.Low 
Fuol Forecast-Bas0 Capacity Factors 

Pumned H Y ~ T O  ~ n c i o v  ~ t o m e .  500 MW 134 197 260 
Tcchnology 0% 10% 20% 30% 4 0 %  50% 60% 70% 80% 90% 100% 

.... -.. .... ._ .... -.. 

1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Suliur 
Subcrilical Pulverized Coal - 500 MW . CCS 
SUbCtilical Pulverized Coal. High Sullui - 500 MW . C 
Circulating FlUtdizod Bed. 500 MW . CCS 
Supcrcnlical Pulverized Coal. 500 MW - CCS 
Supcrcrilical Pulverized Coal High Sulfur. 500 MW 
Supcrcrilical Pulverizcd Coal - 750 MW . CCS 
Supercriliwl Pulverized Coal High Sullui - 750 MW 
1x1 IGCC . CCS 
2x1 IGCC-CCS 
2x1 IGCC High Sulfur-CCS 
Wind Enorgy ConvcTsion. 50 MW 
Geollicrmal - 30 MW 
Solar Pholovoliaic . 50 kW 
Solar Thcrmal Paiabolrc Trough. 100 MW 
Solei Thermal Parabolic D$st>. 1 2 MW 
Solar Thermal Central Recewei - 50 MW 
Solar Thermal Solar Chimney. 50 MW 
MSW Mass Burn. 7 MW 
RDF Stoker-Fired .7 MW 
Landfill Gae IC Engine. 5 MW 
TDF MulIi.Fuc1 CFB (loo% Co-fire1 . 50 MW 
Sewage Sludge B Anaerobic Digcstlon - 005 MW 
Bio Mars (Ca.Fire1 
MOIIB~ cabonate FWI cell - 300 k w  
Soark lonition Endnc . 5 MW 

201 
128 

1 L 1 1  

158 
110 
94 

177 
132 
112 
96 

124 
123 
133 
139 
398 
430 
305 
267 
272 
303 
269 
275 
278 
254 
256 
364 
337 
300 
299 
470 
486 
509 
507 
514 
479 
402 
488 
442 
444 
230 
443 
622 
421 
601 
645 
633 

1634 
1499 
422 
451 
827 
290 
300 

269 
222 

281 
264 
225 
264 
208 
180 
171 

230 
198 
217 
575 

337 
299 

335 

305 
307 
265 
205 

368 
329 
327 
509 
516 
540 
536 
542 

200 

son 

302 

301 

400 

509 
510 
512 
468 
467 
227 
439 
622 
422 
801 
646 
533 

1868 
1603 
472 
406 
829 
320 
472 

317 
318 

558 

405 
410 
357 
350 
204 
263 
246 
278 
337 
203 
296 

730 
368 
330 
333 
367 
333 
335 
337 
315 
315 
436 
395 
358 
354 
541 
545 
572 
566 
57 1 
530 
538 
536 
490 
490 
216 
435 

- 

._ 

... 
- 

847 
533 

1697 
1706 
523 
522 
631 
357 

572 
1 9 A  

- 
.- -. 

528 851 

400 619 
437 524 
359 435 
339 414 
321 398 
352 428 
444 550 
329 394 
374 453 

558 702 

.- - 
880 1030 
400 432 
362 393 
383 393 
399 431 
364 396 
365 395 
366 395 
346 376 
344 373 
472 509 
424 453 
307 416 
382 409 
572 803 

603 635 
595 625 
599 828 
568 597 
587 595 
580 604 
514 538 
513 536 
203 -- 
431 426 

575 605 

__ - 
_.. __ 

847 647 
532 -- 

1729 1761 
1010 1913 
573 823 
557 592 
033 635 
387 417 
640 724 
667 761 
392 304 

... 

... 

775 
048 
751 
610 
511 

471 
504 
657 
459 
531 

1179 
484 
425 
423 
453 
428 
425 
424 
407 
403 
545 
482 
444 
437 
834 
635 
665 
654 
656 
827 
623 
600 
662 
559 

490 

_.. 

._. 

998 
994 
882 
697 
587 
586 
548 
500 
764 
524 
609 

1329 
495 
457 
454 
495 
480 
455 
454 
437 
432 
501 
51 1 
473 
465 
888 
664 
697 
883 
604 
057 
651 
632 
506 
582 

_. 

._ 

.- 

1021 

1013 
704 
662 
641 
821 
656 
07 1 
589 
600 

1479 
527 
488 
494 
527 
492 
485 
483 
488 
461 
817 

502 
492 
697 
694 
729 
713 
713 
685 
679 
858 
610 
605 

1140 

540 

-. - 
421 414 407 - - 
-.. .-. ._ 
- .- 

648 647 --- 
-. 

1793 1024 1858 
2017 2120 2224 

674 724 774 
027 662 898 
637 639 639 

800 092 976 
446 476 506 

056 950 1045 
_.. - -. 

.._ 

1145 
1286 
1145 
070 
730 
717 
696 
732 
970 
854 
788 

1629 
559 

514 
559 
524 
515 
512 
498 
491 
853 
589 
531 
520 
728 
724 
780 
742 
741 
718 
707 
600 
634 
620 

400 

__ 
520 

- 
..~ 
_. 
._ 

__ 
2327 
825 
733 
639 
535 

1140 
1060 

-. 
_.. 

1268 1391 
1432 1578 
1276 1407 
957 1044 
814 090 
792 868 
771 046 
808 884 

720 .- 
045 --- 

1005 --- 

._ 
1779 1929 
591 622 
551 503 
545 575 
591 824 
555 507 
545 576 
541 571 
529 559 
520 549 __ .... 
.._ _. 

_. 
- 

759 791 
754 783 
791 023 
772 801 

746 775 
736 784 

770 796 

_. 
-. 

I 

_. _. 
.- 

-. 
._ _.. 
._ - 
075 - 
760 GO: 
630 .-. 
585 59L 

1144 
1234 - __ _. 1"" 470 

ti;drociccttic. N& - 30 MW 409 403 _ _ _  
279 273 267, 259 - - -. ._ _. - Ohio Falls 9-10 

Mintmum Lovcilzcd SlkW ' 94 171 216 203 373 403 414 407 400 393 381 

Generalion Pianning 



Exhibit 8 

_. " 

Lead-Acid Ballery Energy Sloragc - 5 MW 
Compressed Air Energy Storage. 500 MW 

Simple Cycle GE LM6000 CT - Peaking Capacity 
Simplc Cycle GE 7€A CT . Peaking Capacity 
Simple Cycle GE 7FA CT - Peaking Capacity 
Combined Cycle GE 7EA CT - lnlcrmcdialc Load 
Combined Cycle GE 7FA CT . lntomcdlalc Load 
Combined Cycle 2x1 GE 7FA CT. lnlemcdialu Loat 
Combined Cyclo 3x1 GE 7FB CT - lnlsrmedialc Loaf 
Siomcns 5000F CC CT . Inlcrmr?diale Load 
Humid Air Turbine Cycle CT - 356 MW 
Kalina Cycle CC CT .282 MW 
Chcng Cyclc CT . 140 MW 
Peaking Micralurbinc - 0  03 MW 
Baseload MiCrOlUibine~ 0 03 MW 
Subciilical PUlverizod Coal. 250 MW 
Subcrilical Pulvcrircd Coal. 500 MW 
Subcritical Pulverized Coal. High Sullui. 500 MW 
Circulating Fluidized Bad. 250 MW 
Ciiculaling Fluidized Bod . 500 MW 
Supcicriliwl Pulvciired Coal . 500 MW 
Supeicrilical Pulvcrired Coal High SuIIur- 500 MW 
Superciiliwl Pulverized Coal .750 MW 
Supcrcriliwl Pulverized Coal High Sullur. 750 MW 
Pressurized Fluidized Bed COmbUsIion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sullur 
Subcrilical Pulvcrircd Coal - 500 MW - CCS 
Subcriliwl Pulvcrizod Coal, High Sullur. 500 MW - 1 
Circulaling Fluidized Bed - 500 MW . CCS 
Supcrc~iliwl Pulverized Coal. 500 MW . CCS 
Supercritical PUlveriied Coal. l i igh Sullur. 500 MW 
Supeicrilical Pubenzed Coal. 750 MW - CCS 
Supeiciitiwl Pulverized Coal High Sulfur - 750 MW 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC Iiigh Sullui-CCS 
Wind Energy Conve~ ion  - 50 MW 
Gcolhermal - 30 MW 
Solar Pholovollaic~ 50 kW 
Solar Thermal Parabolic Trougti . 100 MW 
SolarThcimal Parabolic Dish. I 2  MW 
Solar Thermal, Canlral Receiver- 50 MW 
solar Thermal Solar Chimney - 50 MW 
MSW Mars Bum. 7 MW 
RDF Stoker-Fred - 7 MW 
Landfill Gas IC Engine - 5 MW 
TDF Mulli-Fuel CFB (10% Co4rc) - 50 MW 
Sewage Sidgc 8 Amorobic Digcstlon . 085 MW 
Bio Mars (Co.Firo) 
Moitcn Calhonale Fuel Cell. 300 hW 

Levelired Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

Capllal cos1-Low ZOO7 (SlkW yr) 
Heal Ralc-Low 
Fuel Forcsasl- High Capoclly FOELOIS 

Pummd Hvdm E n ~ m v  Slaiaoc .500 MW 134 197 250 
Technology 0% 10% 20% 30% 40% 5U% 80% 70% 80% 90% 100% 

201 
125 

156 
118 
94 

177 
132 
112 
96 

124 
123 
133 
I39 
395 
430 
305 
257 
272 
303 
259 
275 
278 
254 
256 
364 
337 
300 
299 
478 
486 
509 
507 
514 
479 
482 
488 
442 
444 
236 
443 
522 
421 
601 
545 
533 

1534 
1499 
422 
451 
627 
298 
388 

250 
233 

303 
291 
250 
283 
224 
204 
187 
217 
254 
213 
234 
608 
613 
337 
299 
303 
335 
301 
305 
308 
285 
256 
401 
357 
329 
327 
510 
517 
542 
535 
544 
510 
511 
513 
467 
458 
227 
439 
622 
422 
601 
546 
533 

1655 
1605 
483 
487 
629 
326 
490 

317 
335 

449 
465 
406 
355 
316 
296 
279 
309 
355 
293 
330 

797 
370 
332 
334 
355 
334 
335 
338 
316 
315 
435 
396 
359 
355 
543 
548 
574 
558 
573 
541 
54 I 
538 
492 
492 
216 
435 

.- 

._ __ 

._ 
647 
533 

1597 
1712 
544 
523 
531 
359 
593 
815 
l0 j l  

-.. 
.... _.. 

594 739 
538 811 
562 716 
494 500 
409 501 
389 481 
370 452 
402 495 
515 646 
372 452 
425 521 .._ _. 
950 1163 
402 435 
354 396 
365 396 

354 412 
575 508 
579 610 
507 540 
599 529 
603 532 
571 502 
570 599 
563 588 
517 542 
515 539 

431 425 
-203 .... 

._ - 
547 647 
532 -- 

1729 1751 
1619 1925 
506 657 

732 549 
392 384 

__ 
-. 

865 
955 
674 
705 
593 
573 
553 
557 
777 
532 
616 

1346 
467 
428 
427 
467 
431 
428 
426 
410 
405 
548 
485 
447 
440 
540 
54 1 
673 
550 
662 
533 
528 
613 
557 
553 

_. 
_. 
_. 

1030 
1158 
1030 
611 
685 
665 
645 
680 
905 
512 
712 

1530 
499 
451 
458 
499 
454 
459 
458 
441 
435 
555 
515 
477 
468 
573 
572 
705 
591 
691 
654 
555 
635 
592 
587 

.... 

.- 

1175 
1331 
1186 
917 
777 
757 
735 
773 

1038 
692 
507 

1713 
532 
493 
489 
532 
496 
489 
488 
472 
455 
522 
544 
505 
495 
705 
703 
738 
721 
721 
695 
587 
563 
517 
610 

__ 

... 

__ .-. 

1321 1455 1611 
1505 1578 1851 
1342 1496 1554 
1022 1128 1234 
870 962 1054 
849 942 1034 
827 919 1010 
866 055 1051 

1159 1300 ..- 
771 851 ---- 
902 998 -- 

1896 2080 2253 
554 595 62: 
525 557 59C 
520 551 552 
555 597 53c 
529 551 594 
520 550 581 
518 548 577 
504 535 565 
495 525 555 
559 __ .._ 
574 - 
535 .... __ 
524 -.. 

- .-. 

750 780 80s 
725 756 787 
715 746 77! 
588 - I 
542 .- - 
634 -- - 

-. 
421 _. 

._. - .- 
-. __ ._ _. _. 

545 547 .- .- _. 
1793 1524 1855 .- - .... 
2032 2139 2245 2352 - 
728 789 851 912 973 -- 
531 667 703 739 774 811 
537 539 639 539 638 .- 
450 480 510 541 571 60' 
900 1003 1105 1208 1310 .- 
965 1081 1198 1314 1430 .- 

_. .-. -. 

-. .- __ - .... 
Spark Ignition Engine - 5 MW 363 499 
Hydioelcclnc. New. 30 MW 409 403 
Ohio Fa1159-10 279 273 257 259 -- .-. _. - __ 

Mlnlmurn Lcvellzed SlkW 94 167 215 203 375 405 414 407 400 393 381 

Generation Planning 



Exhibit 8 

Levelized Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

2007 (SikW yi) CllPilill cosl-Low 
Hcal Rate-Base 
Fuol Forccasl.Low Capaclly Faclors 

Tcchnology 10% 20% 30% 40% 50% 6Q% 70% 80% 90% 100% 
197 260 .--. ._ .._ .-. 
259 317 .... - -.. ._. 
211 293 -.. .- ..- -- 

Simple Cycle GE LM6000 CT - Peaking Cvpacily 159 258 356 455 554 652 751 650 946 1047 1146 
Simple Cycle GE 7EA CT . Peaking Capscily l 1 9  234 348 463 578 692 807 922 1036 1151 1266 
Simple Cyclc GE 7FA CT Peakmg Capaoly 95 198 302 405 508 612 715 818 922 1025 1128 
Combfned Cycle GE 7EA CT . lnlcrmcdiale Load 78 243 309 374 439 505 570 635 701 766 831 
COmblnedCyclaGE7FACT-InIcrmcdialeLoad 133 190 247 304 361 418 475 533 590 647 704 
Combined Cyclc 2x I GE 7FA CT. lnleielodialo Loai I13 98 455 512 570 627 684 
Combined Cyclc 3x1 GE 7FB CT - lnlormcdialc Loa 97 79 436 492 549 605 662 
SIcmcns 5000F CC CT . lnlcfmcdiale Load 11 469 526 583 841 698 
Humid Air Turbinc Cyclc CT - 366 MW 25 605 685 785 845 
Kalina Cyclc CC CT .282 MW 77 426 475 524 572 
Chcno Cvclc CT .140 MW 139 198 257 317 376 435 494 554 613 672 

.- 199 538 - 
858 770 882 
-71 404 437 
333 366 399 

995 1107 1220 
470 503 536 
43? 465 498 

272 304 335 367 398 430 461 493 
303 336 370 403 436 
269 302 335 368 402 
275 306 338 369 400 
278 309 339 370 400 
254 286 317 349 381 
256 286 317 347 376 
364 402 439 477 514 
337 R R ~  197 4?n 458 ~~ .. .. .. 
300 330 360 390 420 

478 510 542 574 607 
486 517 547 578 608 
509 5 d i  574 606 839 
507 537 568 598 626 

470 503 537 
435 468 501 
431 463 494 
431 461 492 
413 444 476 
406 439 469 

442 471 500 

660 690 719 

P c a k i g  Micralurbinc .O 03 MW 
Baseload MiCrOIUibinc - 0 03 MW 
Subcrilical Pulvmzed Coal - 250 MW 
Subcrilical Pulverized Coal. 500 MW 
SUbCiilical Pulveriicd Coal, High Sullur. 500 MW 
Circulating Fluidized Bod . 250 MW 
Circvlaleg Fluidiiod Bed. 500 MW 
Supcrcdical Pulverized Cool - 500 MW 
Suparcrilical PUIvotizmd Cod  Iiigli Suifur- 500 MW 
Suporcrilical Pulverized Coal .750 MW 
Supercnlicai Pulvcrirad Coal Higk Sullui . 750 MW 
Pressurized Fluidized Bad Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 299 328 356 385 414 
Subcrillcal Pulverized Coal .500 MW . CCS 
Subcrilicai Pulvcmcd Coal High Sulfur. 500 MW . I 
Ciiculaling Fluidized Bod. 500 MW . CCS 
Supcicrilical PuIvcmed Coal - 500 MW . CCS 
superciilical Pulvciized Coal High Sulfur. 500 MW 
Superciilical Pulverized Coal. 750 MW - CCS 
Supercnlical Pulvsriiod Coal High Sulfur. 750 MW 
1x1 iGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC. High Sulfur. CCS 
Wind Energy Convesion - 50 MW 
Gcolhermal - 30 MW 
Solar Pholovdlnic - 50 kW 
Solar Thermal. Parabolic Trough - 100 MW 421 
SolarThcimal Parabolic Dish. 1 2  MW 601 
Solar Thorrnal~ Canlnl ReCeivcr. 50 MW 645 
Solar Thermal Solar Chimnay - 50 MW 533 
MSW Mass Bum. 7 MW 1634 
RDF Sloher-Fired - 7 MW 1499 
Landfill Gas IC Engine - 5 MW 422 
TDF Mulli.Fucl CFB (10% Co.fiio) - 50 MW 451 
Sewagc Sludge 8 Anaerobic Digeslion . 085 MW 827 
Bio Mars (CeFira) 298 
Molten Carbonalo Fuel Cell. 300 kW 389 
Spark lgnilion Engine - 5 MW 385 455 525 596 666 736 806 876 947 1017 - 

403 396 392 384 __ -. __ 
153 210 203 323 377 414 407 400 393 386 
273 267 259 __ __ - - 

1557 
635 
596 
587 

570 603 837 
601 
588 
583 
571 
560 
.._ 
_. 
-.. 
- 

508 540 
499 530 
665 -- 
579 --- 
541 -- 
528 

liydrooleclric . New. 30 MW 409 

Minimum LCvelliCd SikW 95 
Ohio Falls 9.10 279 - 

800 
792 
633 
810 

746 778 807 
784 
772 _. - 

514 543 573 602 631 
479 509 540 570 601 
482 511 540 569 598 
488 513 537 562 587 
442 467 491 516 541 
444 468 491 ,~,--515_ 536 562 585 609 632 

622 622 --.- - -. 
__ -.. - __ 422 .- 

801 .... .._ -. 
646 647 647 647 648 647 -. -.- .... _. 
533 533 532 - ._ _. - 

1686 1697 1729 1781 1793 1824 1856 -- - 
1607 1714 1822 1929 2037 2144 2252 2359 

452 515 579 642 705 788 831 895 958 - I 
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Exhibit 8 

Levelired Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders. and with NOx Adders 

Capltal CDL1.LOW 
Hcvl Rata- Baso 

2007 (SlhW yr) 

Fucl Foncarl-Basn Capacity Factors 
Tcchnolosy 0% 10% 20% .30% 40% 50% 00% 70% 50% 90% 100% 

Lead-Acid Beltcry Energy Sloragc . 5  MW 
Comprcsscd AIT Enorgy sloragc .500 MW 

Pumped Hydro Energy Slornge - 500 MW 134 197 260 -- . _. 

931 
1031 
915 
724 
610 
559 
565 
604 
795 
545 
632 

1375 
505 
466 
462 
505 
469 
464 
462 
446 
440 
591 
520 
402 
472 
674 
672 
706 
691 
692 
665 
655 
639 
593 
507 

__ 

1060 
1153 
1052 
615 
690 
665 
647 
654 
910 
613 
715 

1535 
535 
499 
494 
535 
503 
495 
4 93 
475 
470 
629 
550 
512 
501 
706 
703 
739 
722 
721 
696 
685 
664 
615 
611 

..- 

.... 

.._ -.. 201 
125 

259 
225 

317 
321 

-. 

502 
579 
775 
633 
53 I 
510 
490 
524 

476 
550 

1220 
471 
433 
431 
471 
436 
432 
432 
. 414 
409 
553 
409 
452 
443 
64 1 
64 1 
673 
661 
662 
634 
629 
613 
567 
564 

686 

._. 
~.. 

1317 1446 
1457 1630 
1325 1462 
997 1006 

027 906 
004 063 
643 923 

1135 ..- 
750 
079 ..- 

1550 2007 
604 636 
565 59s 
550 56s 
605 635 
569 602 
555 59c 
555 555 
542 574 
532 562 

549 92e 

.... 

..- 

..- -.. 
- -  

_. 
771 504 
766 797 
OD4 637 
753 514 
701 01C 
757 70€ 
747 77e 

.- - -.. 
_.. 

159 
119 
95 

176 
133 
113 
97 

125 
124 
I34 
139 
399 
433 
305 
267 
272 
303 
269 
275 
275 
254 
256 
364 
337 
300 
299 
475 
406 
509 
507 
514 
479 
452 
465 
442 
444 
236 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 
290 

205 
271 
232 
269 
213 
1 92 
176 
205 
236 
202 
221 
553 
590 
335 
300 
304 
337 
302 
306 
309 
205 
257 
402 
367 
330 
326 
511 
517 
542 
530 
544 
510 
511 
513 
467 
460 
227 
439 
622 
422 
601 
646 
533 

1656 
1605 
475 
455 
629 
329 
477 

416 
423 
360 
360 
292 
272 
254 
255 
349 
271 
303 

745 
372 
333 
335 
370 
336 
335 
339 
316 
317 
440 
390 
361 
357 
543 
540 
575 
568 
573 
541 
541 
530 
492 

._ 

545 674 
575 727 
505 642 
451 542 
372 451 
351 430 
333 411 
354 444 
461 573 
339 400 
306 465 

Simple Cycle GE LM6000 CT . Pcahing Capacily 
Simple Cycle GE 7EA CT - Pcahing Capacily 
Simple Cycle GE 7FA CT . Pcshlng Capacity 
Combined Cycls GE 7EA CT . lnlcmcdialc Load 
Combined Cyclc GE 7FA CT - lntemcdiatc Load 
Combined Cycle 2x1 GE 7FA CT - Inlenilcdlale ioai 
Combincd Cycle 3x1 GE 7FB CT . Inloiml?diillc ioai 
Siemens 5000F CC CT - lnlarincdiale Load 
Humid Air Turbine Cyclo CT .366 MW 
Kalina Cycle CC CT - 202 MW 
Chsng Cycle CT . I40 MW 
Pcahing Microluibina - 0 03 MW 
Bascload Mi~roI~rt l lnl l  .O 03 MW 
Subcrilical Pulverized Coal. 250 MW 
Subcrilical Pulvcrizcd Coal - 500 MW 
Subcetical Pulverircd Coal. High Sullur - 500 MW 
Circulaling Fluidized Bcd .250 MW 
Circulaling Fluidized Bod.500 MW 
Supcrciilical Pulverized Coal .500 MW 
Sopersdiwl Plilvcrizcd Coal Hlgh Sulfur. 500 MW 
Supercritical Pulvcnicd Coal - 750 MW 
Supercritical Pulvocizcd Coal. High Sullur - 750 MW 
Pressurized Fluidized Bed CombUStion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Su l l~ r  
Subcritical Pulverized Cool - 500 MW . CCS 
Subcrilical Pulverized Coal. lligh Sullur - 500 MW . I 
Ciiculvlino Fluidized Bed. 500 MW . CCS 

~ 

1156 
1335 
$106 
906 
769 
746 
726 
763 

1023 
662 
797 

1692 
571 
532 
526 
572 
536 
527 
524 
510 
501 
667 
501 
543 
530 
739 
735 
772 
753 
751 
727 
717 
669 
643 
635 

455 

367 399 
404 437 
369 403 
369 401 
370 401 

356 415 

599 630 
Sipercritiwl Pulverized Coal High Sullur - 500 MW 
Supeicrilical Pulverized Coal. 750 MW . CCS 
Supeniilical PuIvcrizod Coal High Suilui .750 MW 
1x1 IGCC - CCS 
2x1 IGCC -CCS 
2x1 IGCC. High Sullur - CCS 
Wind Energy Convosion .50 MW 
Geolhcimal - 30 MW 
Solar Pholovoltaic. 50 hW 
Solar Thermal PaiabolicTrough. 100 MW 
Sola, Thermal Pvrabolic Dish. 1 2 MW 
Solar Thcrmal. Contra1 Recsivar - 50 MW 
Solar Thermal Solar Chimncy - 50 MW 
MSW Mass Burn - 7 MW 
RDF Sloker.Fired - 7 MW 
Landfill Gas IC Engine. 5 MW 
TDF Muili-Fuol CFB (10% CoBicl. 50 MW 
Sowago Sludgc 8 AnacmbK Digoslbn - 005 MW 
Bio Mass Eo-Firel 

603 632 
572 603 
570 600 
563 mo 
517 542 

492 516 540 
216 .. .. ,203 ' 
435 431 426 

.. ~. ~. -- ... -. 
421 Of 

- 
_. 

_.. 
- 
__ 

902 
703 
641 
579 

1152 
1251 
-. 

_. - 
.-. 

645 

1793 
2042 

689 
636 
639 
454 
030 
553 

_. 

I 

._ 
I_ 

..- 
- 
2368 

049 
747 
642 
545 

1094 
1152 

_. - - 
547 _. _. 

1024 1666 
2151 2259 1716 1525 1933 

529 502 635 
525 562 599 
632 634 637 
361 392 423 

742 795 
673 710 
641 642 
465 517 

359 
355 
nos 

565 653 742 910 1006 Mollen Carbonate Fuel Cell - 300 hW 
Spark Ignition Engine . 5  MW 
HydmeloCtriC - New. 30 MW 403 

.-. ._. -. 279 273 267 259 -- 
Mlnlmum Lcvcllred SlhW 95 176 216 203 379' 409 414 407 400 393 30C 

554 684 703 
396 392 304 

952 1002 
.-. 
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Exhibit 8 

Levelired Dollars at Various Capacity Factors With SO2 Adders, wilh High C 0 2  Adders, and wilh NOx Adders 

Capllill COS1.LOW 2007 (SlkWyr) 
Heal Rate- Base 
Fuel Folccasl-Hlgh Capuclly Faclors 

Pumned Hvdm E n o l ~  Sloraoe - 500 MW 134 197 260 
Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

-.. -.. .- -.. .... , ,  _, ~ 

Lcad.Acid Ballc#y Encrgy Sloragc .5 MW 
Comprossad Air Energy Slarvyc .500 MW 

Simple Cyclc GE LM6000 CT . Peaking Capacily 
Simple Cyclo GE 7EA CT .Peaking Capacily 
Simplc Cyclc GE 7FA CT - Pcakiny Capacily 
Combined Cyclc GE 7€A CT . lnlcrmodialc Load 

Sicmans 50dOF CC CT - lnlarmcdiats Lavd 
Humid Air Turbinc Cyda CT .366 MW 
Kalina Cycle CC CT .262 MW 
Cllcng Cycle CT . 140 MW 
Peaking Miciolurbinc .O 03 MW 
Baseload MiCrOIUrbine - 0 03 MW 
Subciilical Pulverized Coal. 250 MW 
SUbCiilical Pulverized Coal . 500 MW 
Subcrilical Pulvcrizcd Coal. High Sulfur- 500 MW 
Circulaling Fluidized Bed. 250 MW 
Circulaling Fluidized Bed. 500 MW 
Supcrcnlical PuImmcd Coal. 500 MW 
suparcrilicvl Pulvcazed Coal High Sullur . 500 MW 
Supcrcrlliwl Pulvarired Coal - 750 MW 
Supercrilical PuIvcc1md Coal I-liyh Sulfur - 750 MW 
Pressurized Fluidized Bod Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC, High Sulfur 
Subcriliwl Pulverized Coal - 500 MW. CCS 
Subcrilca Pulverized Coal. High Sullur - 500 MW - < 
Circulating Fluidized Bod. 500 MW . CCS 
Supcrcrilical Pulverized Coal .SO0 MW - CCS 
suporcrilical Pulverized Coal High Sulfur. 500 MW 
Supcrcriliwl Pulverized Coal - 750 MW - CCS 
Supcrcrillcal Pulveri2cd Coal High Sulfur - 750 MW 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC High Sullui-CCS 
Wind Energy Convcrrion. 50 MW 
Goallicrmal - 30 MW 
Solar PholovolliliC~ 50 kW 
SalaiThermal ParabolicTraugh. 100 MW I Solar Thermal Parabalr Dish . 1 2 MW 
Solar Thermal Ccnlr~l Receiver - 50 MW 
Solar Themel Solar Chimney. 50 MW 
MSW Mass Burn. 7 MW 
ROF Slokor.Fircd - 7 MW 
Lands11 Gas IC Engine. 5 MW 
TDF Mulli-Fuel CFB (10% C04rc). 50 MW 
Sowaye Sludge 8 Anaerobic Diycslion - 065 
Bio Mass (Co-Fire) 
Mollcn Carbonale Fuel Cell - 300 kW 
Spark lynilion Engine . 5  MW 
Hydioalaclric- New- 30 MW 

, MW 

201 
I26 

159 
119 
95 

176 
133 
113 
97 

126 
I24 
134 
139 
399 
433 
305 
267 
272 
303 
269 
275 
276 
254 
256 
364 
337 
300 
299 
476 
466 
509 
507 
514 
479 
462 
460 
442 
444 
236 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 
296 
369 
365 

259 317 
236 344 

311 463 
300 462 
256 420 
209 400 
230 327 
210 306 
193 209 
222 320 
261 399 
216 302 
239 339 
610 ..- 
626 616 
339 373 
301 335 
304 337 
337 371 
303 337 
307 339 
309 341 
207 319 
267 319 
403 441 
366 399 
331 362 
320 350 
512 546 
516 551 
543 577 
539 571 
545 576 
511 543 
513 543 
514 540 
466 494 
469 494 
227 216 
439 435 
622 x- 

422 --- 
601 -- 
646 647 
533 533 

1666 1097 
1611 1723 
467 551 
409 527 
629 632 
330 362 
497 604 
506 630 

..- 

.._ 

615 767 
663 644 
503 746 
511 622 
424 521 
403 500 
305 401 
417 514 
536 673 
366 469 
440 540 

1011 1203 
407 441 
360 402 
369 402 
406 440 
371 405 
371 404 
372 403 
352 304 

400 519 
430 461 
393 424 
307 417 
500 614 
563 615 
611 646 
603 635 
606 637 
575 606 
574 604 
566 593 
520 546 
519 543 
203 -- 
431 426 
I 

.. . 
- _.. 

647 647 
532 -~ 

1729 1760 
1635 1947 
616 661 
564 602 
634 637 
394 426 
712 620 
753 675 

.-. 
_.. ._. 

919 1071 
1026 1207 
906 I071 
733 644 
616 714 
597 693 
577 673 
611 709 
610 946 
553 637 
640 740 

1396 1568 
475 509 
436 470 
434 466 
474 506 
439 473 
436 466 
434 466 
417 450 

-412 444 
557 596 
492 523 
455 465 
446 476 
640 692 
647 660 
600 714 
667 699 
660 699 
640 672 
635 666 
619 645 
572 596 
560 593 

-.. .-. 
421 - 414 ._. 

.- 

640 647 

1792 1624 
2056 2170 

745 610 
640 077 
639 641 
450 409 
927 1035 
996 1120 

..- 

1223 
1366 
1234 
955 
011 
790 
769 
606 

1065 
721 
04 1 

1701 
542 
504 
499 
543 
507 
500 
497 
462 
475 
635 
554 
516 
505 
716 
712 
740 
731 
730 
704 
696 
671 
624 
616 

401 

._ 

-. 
_I 

__ 
.- 
._ 
... 
1855 
2202 

075 
715 
642 
521 

1142 
1243 

.._ 

1375 
1570 
1396 
1066 
906 
607 
665 
903 

1222 
605 
941 

1974 
576 
536 
531 
577 
541 
532 
520 
515 
506 
673 
565 
547 
535 
749 
744 
702 
763 
761 
736 
727 
697 
650 
643 

400 
- 

__ 

I 

._ 
2394 

939 
753 
642 
553 

1250 
1365 

_. 
- 

1527 
1751 
1559 
1177 
1005 
904 
961 
IO00 
1360 
069 

1041 

2166 
610 
571 
564 
611 
575 
564 
560 
546 
530 

-.. 

__ 
__ 

783 
777 
616 
795 
791 
768 
757 __ 
.- 
.- 

393 - 
- __ __ 
.I 

- 
1004 
790 
641 
565 

1356 
1400 

- 
1679 
1932 
1722 
1286 
1102 
1060 
1057 
1096 .._ 

-. 
2359 

644 
605 
596 
645 
609 
597 
591 
560 
569 - 

__ 
017 
009 
650 
027 
622 
601 
700 __ 
_.. 
-360 
- 
_. 
_. 
-- __ __ 
-. __ 

020 

617 
I_ __ 

~ " "  403 390 392 304 -. .- _. __ _. 
279 273 267 259 .._ _. -- .- -. IOhio Foils 9-10 

Minimum Lovoil ied SlkW 95 193 216 203 361 412 414 407 400 393 366 
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Exhibit 8 

Levelired Dollars af Various Capacily Factors Wifh SO2 Adders, wilh High COZ Adders, and wilh NOx Adders 

Capllal CO*I.LOW 2007 (SILW yr) 
Heel Roto- Hlgh 
Fuol Forccasl-Low Cspaclly Faclors 

Pumlicd Hvdio Enerw S l o r a ~ c .  500 MW 134 197 260 
Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Loai-Acid Batten/ E& sl&ga - 5 MW 
CampIeSsed Air Energy Sloragc . 500 MW 

Simple Cycle GE LM6000 CT - Peaking Capacily 
Simplc Cycle GE 7EA CT . Peaking Capacily 
Simplc Cycle GE 7FA CT -Peaking Capacily 
Combined Cyclc GE 7EA CT . Inleimediala Load 
Combined Cycle GE 7 f A  CT . ln1cmediale Load 
Combined Cyclo 2x1 GE 7FA CT . lnlermodialc Loa 
Combined Cycle 3x1 GE 7FS CT - Inlormedialo Loaf 
Siomcns 5000F CC CT - Inletmedialo Load 
Humid Air Turbtnc Cycle CT - 366 MW 
Kalina Cycle CC CT - 282 MW 
Chang Cyclc CT . 140 MW 
Peaking Micralurblnc .0 03 MW 
Bascload Microlublne - 0 03 MW 
Subcrilical Pulverized Coal. 250 MW 
Subcrilical Pulverized Coal. 500 MW 
Subciilical Pulvoiiicd Coal. High Sulfur . 500 MW 
Circulating Fluidized Bed. 250 MW 
Circulating fluidirad Bed. 500 MW 

~ 

Subcrcrilical Pulverized Coal. 750 MW - CCS 
Supcrcrilical Pulverized Coal High Sulfur. 750 MW 
1x1 IGCC-CCS 
2x1 IGCC -CCS 
2x1 IGCC. High Sulfur- CCS 
Wind Energy Convesion - 50 MW 
Goothermal. 30 MW 
Solar Pholovollaic - 50 kW 
SolarThermal ParabolicTrough - 100 MW 
SoiaiThcrmal Parabolic Dish. 1 2  MW 
Solar Thcrmal~ Central Receiver. 50 MW 
Solar Thermal Solar Chimney - 50 MW 
MSW Mass Bum. 7 MW 
ROF Slakei-Fired - 7 MW 
Landfill Gas IC Engine - 5 MW 
TDF Mulli-Fuel CFS (10% co.01~) - 50 MW 
Sewage Sludge 8 Anaerobic Digerlion . 065 MW 
Bio Mass (Co-Fife) 
Mollen Catbonah Fuel Cell. 300 kW 

201 
128 

160 
120 
96 

179 
134 
114 
97 

126 
126 
134 
140 
400 
436 
305 
267 
272 
303 
269 
275 
278 
254 
256 
364 
337 
300 
299 
478 
486 
509 
507 
514 
479 
462 
466 
442 
444 
238 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 
298 
390 

259 
212 

262 
239 
203 
247 
194 
174 
156 
186 
210 
165 
202 
544 
554 
339 
301 
305 
338 
3M 
308 
310 
287 
288 
403 
369 
332 
329 
511 
518 
543 
539 
544 
511 
512 
514 
468 
469 
227 
439 
622 
422 
601 
646 
533 

1666 
1612 
463 
490 
630 
330 
456 

[Spark Iqnibon Enqinc - 5 MW 386 

493 

460 
dnl 

317 
296 

364 
359 
311 
316 
253 
233 
Ziti 
246 
294 
236 
264 

67 1 
374 
336 
338 
373 
338 
340 
342 
321 
320 
443 
400 
363 
359 
545 
550 
577 
570 
575 
543 
542 
540 
494 

.- 

.._ 

.._ 

466 
478 
418 
384 
313 
293 
274 
305 
378 
287 
326 

769 
408 
370 
371 
406 
373 
373 
374 
354 
352 
462 
432 
395 
369 
578 
562 
610 
602 
605 
574 
573 
565 
519 

.._ 

518 
216 203 
435 431 
._ 
._ .... 
-.. __ 

647 647 
533 532 

1697 1729 
1724 1637 
504 544 
528 567 
633 635 
363 395 
522 589 
533 607 
398 392 

... - 
- 

_.. .... 

558 670 
597 717 
525 633 
452 521 
373 432 
353 412 
333 392 
366 426 
461 545 
336 389 
388 450 
_.. 

907 
443 
405 
404 
443 
406 
406 
405 
387 
383 
521 
464 
426 
419 
612 
613 
644 
633 
636 
606 
603 
591 
505 
542 

426 
._ 

__ 
-.. 

647 

1760 
1949 
585 
605 
638 
426 
655 
68 1 
384 

- 

1024 
477 
439 
437 
476 
443 
439 
437 
420 
415 
561 
495 
458 
449 
645 
645 
678 
665 
666 
636 
633 
617 
57 1 
567 

_. 
_. 
... 

772 
836 
740 
569 
492 
472 
451 
486 
629 
440 
512 

1142 
512 
473 
470 
512 
477 
471 
469 
454 
447 
600 
527 
489 
479 
679 
677 
712 
697 
697 
670 
663 
643 
597 
592 

_. 

._ 

074 
955 
847 
657 
552 
532 
510 
546 
713 
491 
574 

1259 
546 
508 
503 
547 
512 
5M 
501 
487 
479 
640 
556 
521 
509 
712 
709 
746 
728 
727 
702 
693 
669 
623 
616 

- 

I 

- 
._ 

976 
1075 
955 
726 
61 1 
591 
569 
606 
797 
542 
636 

1377 
581 
542 
536 
582 
547 
537 
533 
520 
511 
679 
590 
552 
539 
746 
741 
780 
760 
756 
734 
723 
694 
646 
641 

- 

-.. ._. 
_.. 
1076 1180 
1194 1313 
1062 1169 
794 662 
671 731 
651 711 
628 688 
666 727 
681 ..- 
593 
697 -- 

1495 1612 
615 650 
576 611 
569 602 
617 652 
581 616 
569 602 
565 596 
553 587 
543 574 

-.. .-. 

.._ 
-.. __ -.. 

__ __ 
779 613 
773 604 
613 647 
791 623 
788 81s 
765 797 
754 784 - 

__ 
421 
._. 

..- .... ._. 
_. ..- 

646 647 .-- __ .... 

1792 1824 1855 -I- __ 
2062 2175 2287 2400 - 
626 667 707 748 789 -- 
644 662 720 759 797 83: 
641 644 645 645 645 ..- 
460 493 525 556 590 622 
721 787 653 919 966 
755 828 902 976 1050 -- 

_. - ..- _. _. 

_. -. ~.. - Hydrmimliic - N& .30 MW 409 
Ohio Falis 9.10 279 273 267 259 -..- -. - -  _. 

Mlnlmum Levellrod SlkW 96 156 215 203 333 389 414 407 400' 393 381 
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Exhibit 8 

~I~ ~ ~~ ~~ ~ 
~~ ~ ~ 

Combined Cycle GE 7FA CT I lnlcrmedialc Load 
Combined Cycle 2x1 GE 7FA CT . lnlcmsdialc LOai 
Combined Cycle 3x1 GE 7FB CT - lnlcmcdialc Loat 
Siemens 5000F CC CT . Inloimcdiale Load 
numid Air Turbino Cyclo CT - 365 MW 
Kalina Cyclc CC CT .252 MW 
Chcng Cycle CT - 140 MW 
Peaking Micraluibinc . 0 03 MW 
Baseload Miciolurbinc .O 03 MW 
Subcrilical Pulvsnzd Coal - 250 MW 
Subciilical Pulvcrizcd Coal. 500 MW 
Subciilical Pulverized Coal. High SUllUr . 500 MW 
Circulaling Fluidized Bed - 250 MW 
Circulaliog Fluidized Bod .500 MW 
Supcrcrilical Pulvcrizcd Coal . 500 MW 
Supcrcrilical Pulverized Coal, High Sullur . 500 MW 
Supenrilm Pulverizcd Coal - 750 MW 
Supercrilicvl PUIvmzed Coal High SuIlur - 750 MW 
Pressuiized Fluidizod Bed Cornburlion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC, kligh Sullui 
Subcrilical Pulverized Coal. 500 MW - CCS 
Subcritical Pulverized Coal. High Sullur. 500 MW . I 
Circulating Fluidized Bed - 500 MW . CCS 
Supwciilical Pulverized Coal. 500 MW . CCS 
Supcrcrilical Pulverized Coal High Sullui. 500 MW 
Supcrcrilical PUlverizCd Coal - 750 MW . CCS 
Supcrcrillcal Pulvcrizcd Coal High Sullui - 750 MW 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullui . CCS 
Wind Encrgy Conversion. 50 MW 
Gcolhermal .30 MW 
Solar Pholovallalc .50 kW 
Solar Tl,crmal, Parabolic Trough. 100 MW 
Solar Thcimal Paabollc Visll - 1 2 MW 
SalaiThcrmal Cenlal RCCCIYCT- 50 MW 
Solar Thormal. Solar Chimney. 50 MW 
MSW Mass Bum. 7 MW 
RDF Stoker-Fired .7 MW 

Levelized Doliars at Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

Copllal Casl.LoW 2007 (SlkWyr) 
Heal Rate-High 
Fucl For~ccasl- 8850 Capaclly Factors 

Technology 0% 10% 20% 30% 40% 50% 5 0 % m 7 0 %  50% 90% 100% 
Pumped Hydro Energy Sloragc .500 MW 134 197 78" ..- _.. .... 
Lead.ACId Ballary Energy Storage . 5  MW 701 
ComprCSs0d Air Energy Slorsgo - 500 MW 

Isimplo Cycle GE LM6000 CT - Peaking Capectly 
Simple Cycle GE 7EA CT . Peaking Capacily 
Simple Cycle GE 7FA CT . Peaking Capacily I Combined Cvclo GE 7EA CT - lnlcrmcdialc Load 

010 M a s ~  (Co.Firc) I Mollan Ca6analc Fuol Cell. 300 kW 

.. 
125 

160 
120 
96 

179 
134 
114 
97 

126 
126 
134 
140 
400 
436 
305 
267 
272 
303 
269 
275 
278 
254 
256 
364 
337 
300 
299 
475 
456 
509 
507 
514 
479 
452 
485 
442 
444 
236 
443 
622 
421 
601 
545 
533 

1634 
1499 
422 
451 
627 
295 
390 
366 
409 

__. 
759 317 .~~ 
227 326 

514 

293 
279 
235 
274 
217 
197 
179 
210 
244 
206 
226 
591 
601 
340 
302 
305 
336 
304 
305 
310 
267 
255 
404 
369 
332 
329 
512 
515 
543 
539 
545 
511 
513 

427 
437 
350 
370 
301 
260 
262 
293 
361 
277 
312 

766 
375 
336 
335 
373 
339 
34 I 
342 
321 
320 
443 
401 
363 
359 
546 
551 
575 
571 
576 
544 
543 
540 
494 

.... 

.._ 

560 
596 
522 
465 
354 
353 
344 
377 
479 
349 
395 

931 
409 
371 
372 
405 
374 
374 
374 
354 
352 
453 
433 
395 
390 
550 
553 
612 
603 
606 
576 
574 

.._ 

566 
465 
n m  

520 _ _  494 519 
227 216- 203 
439 435 431 ._ 622 ..- 
422 --- 
601 ..- ..- 
646 647 647 
533 533 532 

1666 1597 1729 
1613 1727 1540 
475 534 591 
490 525 557 
630 633 636 

..- 

331 363 396 
452 575 667 
n s i  595 700 . . . . . . . . . 
403 395 392 

-.. 
... -.. 

693 527 960 
755 913 1072 
664 506 948 
550 656 751 
467 550 634 
446 529 612 
426 509 591 
460 544 627 
597 714 532 
421 493 564 
465 571 657 

1096 1261 1426 
444 479 514 

-.. -.. -. 

405 440 475 
405 435 471 
444 479 514 
409 444 479 
407 440 473 
406 435 470 
355 421 455 
354 415 445 
522 562 502 
464 
427 
420 
614 
615 
646 
635 
637 
605 
604 
593 
547 
544 

426 
__ 
__ 
- 

647 

1760 
1954 
647 
606 
636 
429 
759 
504 
354 

- 

496 528 
459 490 
450 450 
645 652 
647 550 
650 715 
667 699 
665 699 
640 673 
535 666 
619 645 
573 599 
559 594 

421 474 
__ _. 
- .. . 
- 

648 647 

1792 1524 
2065 2182 

703 759 
845 653 
641 644 
451 494 
552 944 
909 1013 

_. _. 

- 

.- 

._ 

1093 
1231 
1090 
646 
717 
696 
673 
711 
950 
636 
743 

1591 
549 
509 
504 
549 
514 
506 
502 
455 
480 
64 1 
560 
522 
510 
716 
712 
749 
731 
730 
705 
696 
67 1 
625 
619 

._ 

407 - 
._ 
.._ 
._ 
.... 
1555 
2295 

816 
722 
645 
527 

1037 
1118 

.- 

._ 

1227 
1369 
1232 
942 
800 
779 
755 
794 

1067 
705 
529 

1756 
553 
544 
535 
554 
546 
535 
535 
522 
512 
651 
592 
554 
54 I 
750 
744 
763 
763 
761 
737 
727 
697 
651 
644 

400 

__ 

__ - 
-- 
..- __ __ 
__ 
2409 

572 
761 
645 
559 

1129 
1223 - 

... 

... 

1360 
1545 
1374 
1037 
553 
862 
538 
575 

1155 
750 
915 

1921 
616 
575 
571 
619 
553 
571 
567 
555 
545 

_.. 

._ 

.- 

.- 
754 
777 
817 
795 
791 
769 
757 

__ 
_ _  
393 -. 
-.. 
_. 
.._ 
_I 

__ 
925 
799 
645 
592 

1221 
1327 

-. 

149 
170 
151 
113 
96 
94 
92 
95 

..- 

..- 

2OE 
6: 
61 
fit 
fir 
61 
6C 
5s 
5L 
Si 

-. 
5'  
f i !  
5: 
8: 
6; 
61 
71 

- 
31 

.... 

_.. 
-.. __ 
._ 

6:  

6: 
..- 

__ __ __ Spark lgnilion Enginc .5 MW 
Hydraciednc- New- 30 MW 
Ohia Falls 9.10 279 273 257 259 -~ __ - _. - - - 

Mlnlrnum LweI Imd SlkW 96 179 216 203 354 416 414 407 400 393 3 
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Exhibit 8 

- 
Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Pumped Hydro Enorgy Storage 500 MW 134 197 260 
Lead-Acid Ovitciy Energy Storasc . 5  MW 201 259 
Comprcsscd Air Enargy Storage 500 MW 

Levelired Doliars at Various Capacity Faclors With SO2 Adders, wifh High COZ Adders. and wilh NOx Adders 

cal)itei C0St.LOW 2007 (SlkW yr) 

2x1 IGCC 
2x1 IGCC, High Sullur 
Sub~ritical Pulverized Coal - 500 MW . CCS I Subcriiical PuiveilzCd Coal Hioh Sulfur. 500 MW. I 
Circulating Fluidized Bed - 50oMW. CCS 
Supcrcrilical PUlvCriied Coal . 500 MW - CCS 
Supercriiicai Pulverized Coal High Suitu, - 500 MW 
Supercritical Pulverized Coal .750 MW . CCS 
Suocrciiiical Pulverized Coal. Huh Sulfur. 750 MW 

Solar Pholovoltaic .50 kW 
Solur Thermal PaiabolicTiough - 100 MW 
Solar Thermal. Parabolic Dish. 1 2 MW 
Solar Thermal Central Receiver. 50 MW 
SoiviTlicrmal Solar Chimney. 50 MW 
MSW Mass Bum - 7  MW 
RDF Siohcr.Fircd - 7 MW 
Landfill Gas IC Engine. 5 MW 
TDF Mulii-Fuol CFB (10% Co.liic1~ 50 MW 
Sawvgs Sludge a AnaCrObiC Oigsstioo - 085 MW 
Bio Mas5 (Co-Fire) 
Mollen Ca*onaic Fuci Call - 300 hW 
Sparh igniiion Engine. 5 MW 
Hvdioeleciric- New - 30 MW 

128 

160 
120 
96 

179 
134 
114 
97 

I26 
126 
134 
140 
400 
436 
305 
267 
272 
303 
269 
275 
278 
254 
256 
364 
337 
300 
299 
478 
465 
509 
507 
514 
479 
482 
488 
442 
444 
236 
443 
622 
421 
601 
645 
533 

1634 
1499 
422 
451 
627 
298 
390 
306 

239 

316 
309 
265 
295 
235 
215 
198 
228 
270 
222 
245 
629 
638 
340 
302 
306 
339 
305 
309 
311 
280 
209 
404 
369 
332 
330 
513 
520 
545 
540 
546 
513 
514 
515 
469 
470 
227 
439 
622 
422 
601 
646 
533 

1665 
1616 
490 
491 
630 
331 
503 
515 

349 

476 
497 
435 
411 
337 
317 
296 
330 
414 
310 
350 

040 
376 
330 
340 
375 
340 
342 
343 
322 
321 
445 
402 
365 
361 
549 
553 
500 
574 
578 
546 
546 
542 
498 
496 
216 
435 

- 

- 
._ 

647 
533 

1697 
1733 
558 
530 
633 
365 
616 
643 

317 ~- 

634 
686 
604 
526 
436 
416 
399 
432 
558 
398 
455 

1042 
411 
373 
374 
411 
376 
376 
376 
356 
354 
485 
434 
397 
391 
584 
587 
616 
607 
610 
560 
577 
570 
524 
522 
203 
431 

__ 
.... 

647 
532 

1728 
1651 
627 
570 
636 
390 
720 
772 

04 1 

609 
630 
a31 

_.. 
_. 
.... 

792 
875 
773 
644 
540 
519 
499 
534 
702 
486 
560 

1243 
447 
408 
407 
447 
412 
409 
409 
391 
367 
526 
407 
429 
422 
619 
621 
652 
640 
643 
613 
609 
597 
551 
548 

426 

-.. 

__ 
__ 
_. 

847 

1760 
1968 
695 

__ 

... .... 

... 
._ 

950 1100 
1063 1252 
943 1112 
760 676 
641 743 
620 722 
600 700 
636 730 
646 990 
573 661 
665 770 

1445 1647 
482 516 
444 479 
441 475 
482 518 
446 483 
443 477 
442 474 
425 459 
420 452 
566 607 
499 532 
462 494 
453 484 
655 690 
654 686 
687 723 
674 707 
675 707 
647 681 
641 673 
624 651 
578 605 
574 600 

_.. 

.- 

... 

._ 

1266 
1441 
1281 
992 
844 
623 
601 
040 

1134 
749 
875 

18419 
553 
515 
509 
554 
519 
510 
507 
493 
465 
647 
564 
526 
515 
726 
721 
759 
741 
739 
714 
705 
679 
633 
625 

._ 

__ 

1424 
1629 
1451 
1108 
946 
924 
901 
942 

1278 
037 
980 

2051 
589 
550 
543 
590 
555 
544 
540 
527 
518 
687 
597 
559 
545 
761 
755 
795 
774 
771 
748 
737 
706 
660 
651 

... 
_.. ._ 
... 

1582 1740 
1816 2007 
1620 1789 
1225 1341 
1047 1149 
1026 1127 
1002 1102 
1044 1146 
1422 
925 -- 

1085 .- 
2253 2455 
624 650 
505 621 
577 611 
626 662 
590 626 
577 611 
573 605 
561 595 
550 563 

... .-. 

- - 
796 832 
789 822 
630 866 
607 641 
003 036 
781 815 
760 000 .._ - 
..- -. 
._ _. 

.- - - _. .._ .... .- __ ._ _- 648 647 .-. _. .- .... - _. _. 
1791 1823 1854 __ 
2085 2202 2319 2436 - 

763 831 900 968 1036 - 
649 689 720 767 807 84C 
MI  644 645 645 645 .- 
465 490 531 585 598 631 
954 1067 1179 1292 1405 - 

1029 1158 1286 1415 1544 .- _. -- 900 
409 403 398 392 384 

- 
._ - .- -.. Ohio Falls 9-10 279 273 267 259 - 

Minimum Lovollrcd SIkW 96 197 216 203 304 420 414 407 400 393 38[ 

Generation Planning 



Exhibit E 

Levelized Dollars at Various Capacity Factors With SO2 Adders, with High C 0 2  Adders, and wifh NOx Adders 

Capital cost-  8850 
Heat Raie.Low 
Fuel Foreccasi-Low 

2007 (SlkW yr) 

Capacity Fitclors - 
Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Pumped iiydro Energy Sloiaqa - 500 MW 147 710 773 _.. _. ._. ._ 
Lead-Acid Bailow E~CIOY Slot800 - 5 MW 221 

I _I - 
Compressed Air Energy Storago .SO0 MW 

Simple Cyclo GE LM6000 CT . Pcakinq Capaciiy 
Simplo Cycle GE 7EA CT . Peakinq Capaciiy 
Simple Cycle GE 7FA CT - Peaking Capacity 
Combined Cycle GE 7EA CT . lnlermcdiaic Load 
CDmbinOd Cycle GE 7FA CT . lnlermcdiaic Load 
Combined Cycle 2x1 GE 7FA CT - Inleimedialo Loa8 
Combined Cycle 3x1 GE 7FB CT . inlormediate Loa8 
Sicmens 5OOOF CC CT . Iniccmmcdialc Load 
Humid Air Tuibinc Cyclc CT - 366 MW 
Kalisa Cycis CC CT . 282 MW 
Chcng Cycle CT .140 MW 
Peaking Mlcroiuibinc . O  03 MW 
Baseload MICrOIUrbine - 0 03 MW 
Subcriiical PuIvcrIzed Coal. 250 MW 
Subcriliwl Pulverized Coal. 500 MW 
Subcriiicai Pulvcrizsd Coal. High Sullur. 500 MW 
Circulaiing Fluidized Bed .250 MW 
Circulating Fluidized Bod . 500 MW 
Supcrcrilicai Pulvcrizod Coal - 500 MW 
Supercriliwi Pulverized Coal High Sullui - 500 MW 

,.. . 

11.1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcriiicai Pulverized Coal. 500 MW . CCS 
Subcriiicai Pulverized Coal. Hid3 Sulfur. 500 MW - ,  
Ciieulaiing Fluidized Bad . 5 0 t M W  - CCS 
Supeicriiicai Pulverizad Coal - 500 MW . CCS 
Supmri l iwi  Pulvcriicd Coal iiigh Sullui - 500 MW 
Supeicriliwl Pulverized Coal. 750 MW . CCS 
Suncicrilical Pulveriiod Coal Hioh Suilui. 750 MW 

Mollen Carbonale Fuel Cell . 300 kW 
Spark ignition Enqinc - 5 MW 
Hvdroclcclric . New. 30 MW 

140 

171 
127 
101 
190 
143 
121 
103 
133 
131 
144 
151 
421 
453 
331 
291 
297 
330 
293 
299 
303 
277 
280 
412 
368 
327 
327 
524 
532 
532 
531 
536 
501 
505 
510 
462 
464 
259 
464 
766 
506 
734 
771 
646 

1741 
1665 
455 
469 
693 
324 
462 
400 
473 

.. .. 
279 337 - 
221 

266 
238 
200 
252 
197 
175 
157 
160 
207 
190 
207 
555 
560 
363 
322 
327 
362 
325 
329 
332 
307 
309 
446 
397 
356 
354 
555 
561 
553 
550 
565 
530 
533 
534 
466 
487 
246 
460 
766 
507 
734 
772 
846 

1773 
1767 
491 
524 
095 
354 
522 
467 
467 

302 

362 
346 
300 
315 
252 
230 
211 
242 
284 
237 
264 

607 
394 
354 
357 
394 
356 
359 
361 
338 
338 
464 
426 
365 
362 
566 
591 
594 
589 
594 
559 
560 
557 
509 
509 
237 
476 

- 
773 
640 

1805 
1870 
528 
559 
697 
363 
563 
533 
462 

457 
459 
399 
377 
305 
264 
2 6 5 ,  
297 
360 
263 
320 

774 
426 
385 
387 
425 
368 
366 
390 
366 
367 
520 
455 
413 
409 
616 
620 
825 
618 
622 
569 
506 
561 
533 
532 
225 
472 

.- 

- 
.- 
773 
645 

1637 
1972 
564 
594 
699 
412 
643 
600 

552 
570 
496 
439 
361 
339 
318 
352 
436 
330 
377 

661 
457 
417 
417 
457 
419 
416 
420 
398 
396 
556 
484 
442 
436 
647 
650 
656 
647 
650 
616 
616 
605 
557 
554 

467 

... 

._ 

... 
_. 
-. 

773 

1868 
2075 
601 
629 
701 
442 
703 
667 
449 

_ 

_.. 

648 
680 
598 
502 
415 
393 
372 
406 
513 
376 
433 

989 
469 
448 
447 
489 
451 
446 
449 
429 
426 
592 
512 
471 
484 
676 
679 
687 
676 
676 
647 
644 
626 
560 
577 

462 
- 
._. 
_. 

774 

1900 
2177 

637 
664 
703 
471 
764 
734 

.- 

743 
791 
697 
564 
470 
446 
426 
461 
589 
422 
490 

10% 
520 
479 
477 
521 
463 
476 
470 
459 
455 
627 
54 1 
500 
491 
709 
706 
718 
705 
706 
676 
671 
652 
604 
600 

838 
902 
796 
626 
524 
502 
460 
516 
665 
469 
546 

1203 
552 
511 
507 
553 
514 
506 
507 
469 
484 
663 
570 
528 
516 
740 
736 
749 
734 
734 
705 
699 
676 
626 
622 

- 
._ 

934 
1012 
896 
669 
579 
557 
534 
570 
742 
515 
803 

1310 
583 
542 
537 
565 
546 
538 
536 
520 
513 
699 
599 
557 
546 
771 
767 
780 
763 
763 
734 
727 
699 
651 
645 

._ 

_.. .-. 

1029 1124 
1123 1234 
995 1094 
751 813 
633 566 
611 666 
566 641 
625 680 
616 
552 -- 
659 --.. 

1417 1524 
615 646 

__ .-. 

573 605 
560 596 
616 646 
577 609 
567 597 
565 595 
550 500 
542 571 .... __ _.. - 
.... -.. 

601 032 
797 826 
610 841 
792 621 
791 619 
764 793 
755 782 

..- 
-.. __ 

456 26 ._ 
._ - -. ._ 
..- __ .... 

._ - 774 -. 
_. .._ _. 
1932 1964 -- _. 
2260 2362 2465 - _.. 

674 710 747 783 .x 

690 734 769 804 638 
705 706 706 705 
501 530 560 569 61E 
824 664 944 1005 - 
600 867 934 1000 - -. ._ -. -.. 

-. ._ .... -.. IO& Falls 9.10 293 267 261 273 -~ 
Minimum Lcvelircd 5lkW 101 157 211 225 318 372 422 449 442 435 42E 

Gcncralion Planning 



Exhibit 8 

Levelized Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

CUPllVl cast- B.5. 2087 (SlkWyr) 
Heal Rate-Low 
Fuel FOICCBSI- Bas0 Citpaclly FPCLDIS 

Tcchnoloqy 0% 10% 20% 30% 48% 50% 68% 70% 00% 90% 100% 
Pumped Hydro Energy Sloiagc .SO0 MW 147 210 273 -.. .-. -.. -. 
Lcad.Aod B a l l e ~  Enerov Sloraoc - 5 MW 

I _, - 
Comprcsscd Air Encrgy Sloragc .SO0 MW 

Simple Cydc GE LM6000 CT - Peaking Capacily 
Simple Cyclc GE 7EA CT . Pcaking Capacity 
Simpls Cyclo GE 7FA CT - Peaking Capacily 
Combined Cyclc GE 7EA CT - lnlcrmedialo Load 
Combined Cycle GE 7FA C l  . Inlormedialc Load 
Combincd Cyclc 2x1 GE 7FA CT . lnlemedialc Loa, 
Combincd Cyclc 3x1 GE 7FB CT - lnlermcdials Lous 
Siemens 5OOOF CC CT . Inlcrmcdialc Load 
Humid AIT Tuibinc Cyclc CT - 366 MW 
Kalina Cydc CC C l  .282 MW 
Chcng Cyclo CT - 140 MW 
Peaking Microlurbine . 0 03 MW 
Basaloud Micralurbins - 0 03 MW 
S~bcril lcal Pulvcn2ed Coal - 250 MW 
Subcrilical Pulverized Coal. 500 MW 
Subcrilical Pulverized Coal. High Sulbr. 500 MW 
Ciiculalinq Fluidized Bed. 250 MW 
Circulating Fluidized Bed. 500 MW 
Supeictilical Pulverized Coal - 500 MW 
Supercritical Pulveriiod Coal. i-ligh Sultui - 500 MW 
Superciilical Pulverized Coal. 750 MW 
Supercrilical Pulverized Coal High Sullur. 750 MW 
Pressurized Fluidized Bed Cambullion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. i-liqh Sullur 
Subcrilical PUlveriied Coal. 500 MW . CCS I Subcrilical Pulverized Coal. Hiqh Sullur. 500 MW . I 
Ciiculalinq Fluidized Bed. 5OiMW - CCS 
Supeiciilical Pulverized Coal. 500 MW . CCS 
Supcrcnlical PUlveiiiCd Coal High Sullur - 500 MW 
Supcrcnlical PuIverIzcd Coal. 750 MW . CCS 
Suporcrilical Pulveiirsd Coal High Sull~r.  750 MW 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC Hlgh Sullur- CCS 
Wind Encrgy Convcision - 50 MW 
Gcolhcimal .30 MW 
Solar Pholovollaic . 50 kW 
Solar Thermal. Psrubolic Trough. 100 MW 
Solar Thermal Parabolic Dish - 1 2 MW 
Solar Thermal Ccnlral Receiver. 50 MW 
Solar Thermal, Salai Chimnay .SO MW 
MSW Mass Bum. 7 MW 
RDF Sloher-Fired .7 MW 
Lands11 Gas IC Engine - 5 MW 
TDF MuIti.Fue1 CFB (loo% Co-fire) - 50 MW 
Sewaqc Sludge 8 Anaerobic Digeslion - 065 MW 

221 279 
140 

171 
127 
$01 
190 
143 
121 
103 
133 
131 
144 
151 
421 
453 
331 
291 
297 
330 
293 
299 
303 
277 
280 
412 
366 
327 
327 
524 
532 
532 
531 
538 
501 
505 
510 
462 
464 
259 
404 
766 
506 
734 
771 
646 

1741 
1665 
455 
489 
693 
324 
462 
400 

234 

294 
273 
232 
277 
219 
197 
178 
209 
230 
209 
229 
598 
603 
363 
323 
327 
362 
325 
329 
332 
306 
309 
448 
397 
356 
355 
555 
562 
563 
560 
566 
531 
533 
534 
486 
407 
248 
480 
766 
507 
734 
772 
646 

1773 
1769 
505 
524 
695 
354 
546 
495 

328 

418 
419 
364 
363 
295 
272 
253 
265 
345 
274 
308 

753 
394 
354 
358 
394 
357 
359 
362 
338 
339 
484 
426 
385 
382 
507 
591 
595 
590 
595 
560 
561 
558 
510 
510 
237 
476 

- 

__ 
.- 
._ 
773 
646 

1804 
1672 
556 
560 
697 
383 
630 
589 

337 

_ _  

... 

._ 

54 1 
565 
495 
450 
370 
346 
328 
361 
452 
340 
306 

903 
426 
386 
388 
426 
388 
309 
391 
369 
368 
520 
455 
414 
410 
616 
621 
626 
619 
623 
590 
590 
582 
534 
533 
225 
472 

._ 

__ 
- 

773 
645 

1636 
1976 
606 
595 
699 
413 
714 
684 
456 

664 
711 
626 
537 
446 
423 
403 
437 
556 
405 
465 

1053 
458 
417 
418 
458 
420 
419 
420 
399 

-397 
557 
484 
443 
437 
649 
651 
658 
649 
652 
619 
618 
606 
558 
556 

467 
__ 

.- 

773 

1868 
2079 

656 
630 
701 
443 
798 
778 
449 

__ 

... 
_.. 

788 
857 
756 
623 
522 
499 
478 
513 
665 
470 
543 

1202 
490 
449 
446 
490 
452 
449 
449 
430 
427 
593 
513 
471 
465 
680 
681 
689 
678 
680 
649 
646 
630 
582 
579 

_. 
_. 

911 
1003 
689 
710 
590 
575 
553 
569 
772 
535 
621 

1352 
521 
481 
479 
522 
404 
479 
479 
460 
456 
629 
542 
500 
493 
712 
710 
720 
707 
706 
679 
674 
654 
606 
602 

_. 

.... -. 
462 ~ 156 

_. ._ 
- .. . 
_.. 

774 774 

1900 1931 
2183 2288 

707 757 
665 700 
703 705 
473 502 
882 968 
673 967 

_. -. 

_. _. 

- 
1034 
1149 
1020 
797 
673 
650 
628 
665 
079 
600 
700 

1502 
553 
512 
509 
554 
516 
509 
508 
491 
485 
665 
57 1 
529 
520 
743 
740 
752 
737 
737 
708 
702 
678 
630 
625 

449 

._ 

.- 

_. 
-. 
1953 
2390 
607 
736 
706 
532 

1050 
1062 

._ 

._ 

1158 
1295 
1152 
883 
749 
726 
703 
74 1 
986 
665 
778 ._ 

1652 
585 
544 
539 
586 
546 
539 
537 
521 
S I 5  
701 
600 
556 
548 
774 
770 
783 
766 
765 
738 
730 
702 
654 
648 

442 
- - 
- 
.- 
I_ 

._ 

.- __ 
2492 

058 
771 
706 
561 

1134 
1157 

-.. 
_.. ._. 

1281 1404 
1441 1507 
1263 1414 
970 1057 
625 901 
801 077 
770 853 
017 093 

1093 
731 
857 __ ._ 

1602 1952 
617 640 
575 607 
570 600 
610 651 
579 611 
569 600 
566 596 
552 582 
544 573 __ - 
.._ _.. 
..~ .... 
._ -.. 

605 837 
800 829 
814 846 
796 825 
794 022 
768 797 
759 767 

_- - __ _. 
.._ 
.4jj 

. . . ., 328 ._ 
-.. .- 
_. ._ __ __ 
.-. - 
._ _. 
.._ - 

900 -I 

006 641 
705 -.- 
591 621 

1216 
1251 - -  473 467 462 

l O i o  Fa115 9-10 293 287 281 273 - ._. _. .._ - -  
Mlnlmum Levcllmd SlkW 101 178 237 225 397 427 456 449 442 435 42E 
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Exhibit 8 

Siemens SODOF CC CT . lnlctmcdialc Load 
Humid Ai? Turbine Cyclc CT .366 MW 
Kalina Cycle CC CT .262 MW 
Cheng Cyclc CT . 140 MW 
Peaking Miciolurbinc .O 03 MW 
B a ~ ~ l o a t l  Micwlulbine - 0 03 MW 
Subcritical Pulvcrircd Coal .250 MW 
Subcrilicvl Pulverized Coal. 500 MW 
SUbCrilical Pulverized Caul. High Sullur . 500 MW 
Circulaling Fluidized Bed. 250 MW 
Circulaling Fluidized Bed. 500 MW 
Supcicrilical PUlVCrized Coal - 500 MW 
Supcrcrilical PUlvenzed Coal High Sulfur - 500 MW 
Suparcrilical Pulvenrcd Coal .750 MW 
Supcrcrilical Pulverized Cool Higb Sulfur. 750 MW 
Pre6SUnzed Fluidized Bed Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfui 
Subcrilical Pulveiircd Coal. 500 MW . CCS 
Subcritical Pulverized Coal. High Sulfur. 500 MW . ( 
Circulaling Fluidized Bed. 500 MW . CCS 
Supercritical Pulvcriiad Coal .500 MW . CCS 
Supcrcrilical PulvcIizcd Coal High Sulfur - 500 MW 
Superciilical Pulverized Coal. 750 MW - CCS 
SUpercrilicaI Pulverized Coal High Sullui. 750 MW 
1x1 IGCC . CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullur - CCS 
Wind Enorgy Convcmion .50 MW 
Geolhcimal - 30 MW 
Solar Pholovollaic - 50 kW 
Solar Thormal Parabolic Trough - 100 MW 
Solar Thermal Parabolic Dish. 1 2 MW 
Solar Thermal. Canlial Rscsivcr .50 MW 
Solat Thcimal Solai Chimncy - 50 MW 
MSW Mars Burn. 7 MW 
ROF Slokor-Fired - 7 MW 
Landfill Gas IC Enginc - 5 MW 
TDF Mulli.FucI CFB (10% Co-Crc). 50 MW 
Sewage Sludge 8 AnaoiObiC Digoslion . 065 MW 
Bio Mars (Ca-Frc) 
Molloii Carbonale Fuel Cell - 300 kW 
Soark lanilion Endnc. 5 MW 

Levelired Doliars at Various Capacity Factors Wilh SO2 Adders, wilh High C 0 2  Adders. and wilh NOx Adders 

Capllal co51. Bas0 
Heal Rale.Low 
Fuel Foiccasl- Hlgh Cupeclty Feclors 

Pumnod Hvdm Ensmv Sloraoa - 500 MW 147 210 273 

2007 (SlhW yr) 

Technology 0% 10% 20% 30% 40% 50% 80% 70% 80% 90% 100% 
_. - 

Lcad.Acid Ballcry Energy Storago. 5 MW 
Cainprcrrcd Air Energy Sloiagc .500 MW 

Simple Cyclc GE LM6000 CT . Peaking Capacily 
Simple Cyclc GE 7EA CT - Peaking Capacily 
Simple Cycle GE 7FA CT - Poaking Capactly 
Combincd Cyclc GE 7EA CT . lnleimcdia1e Load 

221 
140 

171 
127 
101 
190 
143 
121 
103 
133 
131 
144 
151 
421 
453 
331 
291 
297 
330 
293 
299 
303 
277 
200 
412 
380 
327 
327 
524 
532 
532 
531 
530 
501 
505 
510 
462 
464 
259 
404 
766 
505 
734 
771 
648 

1741 
1665 
455 
469 
693 
324 
462 

279 
245 

318 
300 
257 
295 
235 
213 
194 
226 
262 
224 
248 
631 
635 
383 
323 
320 
363 
325 
330 
333 
306 
310 
449 
390 
356 
355 
556 
553 
565 
562 
588 
532 
534 
535 
407 
400 
248 
460 
765 
507 
734 
772 
648 

1773 
1772 
516 
525 
695 
354 
5M 

337 
350 

462 
474 
413 
401 
327 
305 
286 
310 
393 
304 
342 

820 
396 
356 
359 
395 
350 
360 
363 
339 
340 
485 
427 
386 
303 
589 
594 
597 
592 
597 
583 
5% 
560 
512 

516 633 
nr7 "C7 

512 
237 
476 

__ 
773 
646 

1604 
1678 
577 
561 
697 
385 
667 

607 752 890 
647 020 994 
569 725 881 
507 613 718 
420 512 604 
398 490 562 
377 469 560 
411 504 598 
523 654 705 
383 483 543 
437 533 626 

_.. .... 
1003 1166 1369 
420 461 493 

428 461 494 
390 423 455 
391 421 452 
393 423 453 
371 402 433 
370 398 429 
523 559 596 
457 406 516 
415 445 474 
412 440 486 

428 461 494 
390 423 455 
391 421 452 
393 423 453 
371 402 433 
370 398 429 
523 559 596 
457 406 516 
415 445 474 
412 440 486 
621 654 688 
625 658 607 
630 663 696 
823 653 684 
627 656 606 
593 624 655 
593 622 851 
5ns fiin fix . . . . . . . . . 
537 562 567 
535 559 583 
225 
472 
.- 
.._ 

773 
645 

1836 
1985 
639 
597 
699 
415 
769 
749 
456 

- 
467 

_. 

773 

1866 
2091 
700 
633 
701 
446 
872 
066 
449 

- 

1043 
1167 
1037 
024 
896 
674 
652 
609 
916 
623 
724 

1553 
525 
405 
403 
526 
400 
483 
483 
464 
459 
633 
546 
504 
496 
719 
710 
726 
715 
715 
606 
68 I 
660 
612 
607 

__ - 
1100 
1340 
1193 
930 
786 
786 
743 
702 

1046 
703 
019 

1736 
558 
517 
514 
559 
520 
513 
513 
495 
409 
670 
575 
533 
524 
751 
749 
761 
745 
745 
717 
710 
685 
637 
630 

._ .... __ 

.- 

1334 1479 
1514 1607 
1349 1505 
1035 1141 
001 973 
858 951 
634 926 
075 967 

1177 1300 
762 662 
914 1010 

1919 2103 
590 622 
549 561 
545 576 
592 624 
553 505 
544 574 
543 573 
527 558 
519 549 
707 .- 
605 - - ~  
563 -- 
552 
784 016 
700 811 
794 826 
776 006 
774 004 
748 778 
739 769 
710 .- 
662 ~ 

654 

-.. 

-. 
_. 
x. 

1624 
1660 
1661 
1247 
1065 
1043 
1017 
10% __ __ 
.- 

220t 
855 
614 
607 
657 
619 
6OF 
6Oi 
58: 
57s 

.._ 
-~ 
-. __ 

84% 
04: 
65% 
83; 
83: 
GO! 
791 _.. __ 

-. 
-. 

462 21 
.- __ - 

-. - _. -. 
.... -. __ .._ -. 

..- 774 774 -- - - __ __ 
1900 1931 1963 -- __ 
2190 2305 2411 2510 
761 822 684 945 1008 -- 
669 705 741 777 013 841 
703 705 705 706 705 -- 
476 508 536 567 597 8 2  
974 1077 1179 1202 1304 ---- 

400 
473 
293 207 281 273 --- -.. .-. __ - Hydmiemric . N&. 30 MW 

Ohio Falls 9-10 
Mlnlmum Lcvcllzed SfhW 101 194 237 225 399 429 455 449 442 435 424 

962 1090 1215 1331 1447 ..- 
-. -. ._. -- -. - 
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Exhibit 8 

Laod-Acid Ballcry E&gy Sl&go - 5 MW 
Comprcm?d Air Encigy Storage. 500 MW 

Simplc Cycle GE LM5000 CT . Peaking Capacity 
Simple Cycle GE 7EA CT - Peaking Capacily 
Simplo Cyclc GE 7FA CT . Peaking Capacily 
Combinad Cycle GE 7EA CT . lnlcrmcdialc Load 
Combincd Cycle GE 7FA CT - lnlcrmcdiale Load 
Combined Cycle 2x1 GE 7FA CT - lnlcimcdiale Laai 
Combinod Cycle 3x1 GE 7FB CT . lnlermedialo Loa, 
Sicmcns 5000F CC CT - lnlarmcdialc Load 
liumid Air Turbine Cycle CT . 366 MW 
Kalina Cycle CC CT .282 MW 
Clicng Cycle CT .140 MW 
Peaking Micralurbino - 0 03 MW 
Baseload Microlurtine . 0 03 MW 
Subcrilical Pulverized Coal. 250 MW 
Subcritical Pulveiiied Coal. 500 MW 
Subcrilical Pulvcmod Coal. High Sulfur - 500 MW 
Circuialing Fluidized Bed .250 MW 
Circulaling Fluidized Bed - 500 MW 
Supcrciilical Pulverized Coal - 500 MW 
Supcrciilical Pulverized Coal High Sulfur - 500 MW 
Supercnlical Pulverized Coal. 750 MW 
Supercrilical PulveriiCd Coal. High Sullur. 750 MW 
Pmssuiized Fluidized Bed Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC, High Sullur 
Subcrilical Puiverirod Coai .500 MW . CCS 
Subcrilical Pulverized Coal. High Sullur - 500 MW. ( 
Circulating Fluidized Bed. 500 MW. CCS 
Superciilical Pulverized Coal - 500 MW . CCS 
suporcritical Pulverized Coal High Sullur - 500 MW 
Supercrilical Pulvorizad Coal .750 MW . CCS 
Supcrcrilical Pulvcnzcd Coal. High Sultui. 750 MW 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sulfur-CCS 
Wind Energy Convcmion .50 MW 
Gcolhcrmal - 30 MW 
Solar Pholovollaic .50 kW 
Solar Thermal PaiabolicTrOugh - 100 MW 
Solar Thermal. Parabolic Dish . 1 2 MW 
Solar Thermal Centmi Receiver. 50 MW 
Solar Thermal Solar Chimney - 50 MW 
MSW Mass Burn - 7 MW 
RDF Slakcr.Fwd - 7 MW 
Landllll Gar IC Engino .5 MW 
TDF Mulli-Fuel CFB (10% Co.fm). 50 MW 
Sewage Sludge 8 Anaerobic Digoslios - 085 MW 
010 Mas?. (Co-Fire) 
Molten Carbonale Fuel Cali .300 kW 

~ 

Levelized Dollars af Various Capacify Factors Wifh SO2 Adders, with High COZ Adders, and with NOx Adders 

Capllai cost- Base 
Hoal Rate- Base 
Fuol Forocasl-Law Ca~aclty Fnclors 

PumOcd Hvdro Encrov Sloraoa - 500 MW 147 210 273 -- 

2007 (SlkW yr) 

Technology 0% 10% 20% 30*6 40% 50% 50% 70% 80% 90% 100./, ._. .... .... 
221 
140 

172 
128 
102 
191 
144 
122 
104 
134 
132 
145 
151 
422 
456 
331 
291 
297 
330 
293 
299 
303 
277 
280 
412 
368 
327 
327 
524 
532 
532 
531 
535 
501 
505 
510 
462 
454 
259 
454 
766 
505 
734 
771 
646 

1741 
1555 
455 
489 
593 
324 
463 

279 
223 

271 
243 
205 
256 
201 
179 
160 
191 
212 
194 
210 
561 
568 
364 
324 
329 
363 
326 
330 
334 
309 
310 
450 
396 
357 
356 
556 
553 
554 
561 
567 
531 
534 
535 
487 
458 
248 
480 
765 
507 
734 
772 
645 

1773 
1773 
494 
526 
595 
355 
526 

337 
305 

369 
357 
309 
322 
255 
236 
217 
249 
292 
242 
269 

681 
397 
357 
360 
397 
359 
352 
354 
340 
341 
487 
428 
387 
384 
568 
593 
597 
592 
597 
562 
563 
559 
511 

._ 

511 535 
237 225 
476 472 
.- .._ __ .... 
I ._ 

773 773 
648 645 

1804 1835 
1880 1985 
532 571 
563 599 
698 700 
385 417 
589 653 

- 
- 
- 
468 
472 
412 
387 
315 
293 
273 
305 
372 
291 
329 

793 
430 
390 
392 
430 
392 
393 
395 
372 
371 
525 
459 
417 
413 
520 
624 
629 
622 
526 
592 
592 
564 
536 

- 

-. 
_.. 

567 
587 
515 
452 
372 
350 
330 
353 
453 
340 
388 

905 
463 
423 
423 
463 
426 
424 
425 
404 
402 
562 
469 
447 
442 
653 
654 
652 
552 
655 
623 
621 
609 
561 
558 

467 
- 

-. 
-.. 

773 

1868 
2095 
509 
535 
703 
448 
715 
683 
449 

__ 

_.. 

665 
701 
619 
518 
429 
407 
386 
420 
533 
388 
447 

1018 
495 
455 
455 
497 
459 
455 
456 
435 
432 
600 
519 
477 
470 
585 
555 
694 
662 
654 
653 
650 
634 
586 
582 

462 

_.. 

_. 
_. - 
-.. 

774 

1900 
2203 
M5 
673 
705 
479 
779 
753 

_. 

_. 

764 
516 
722 
583 
486 
464 
443 
478 
613 

506 

1130 
529 
489 
486 
530 
492 
467 
485 
457 
463 
637 
549 
508 
499 
717 
715 
725 
713 
714 
584 
679 
658 
610 
605 

456 

432 

.-. 

._. 

._ 

774 

1931 
2310 
685 
710 
707 
509 
842 
823 

_. 

.-. 

._ 

.- 

663 
931 
825 
648 
544 
521 
499 
535 
593 
486 
555 

1243 
552 
522 
518 
584 
525 
516 
517 
499 
493 
675 
579 
538 
526 
749 
746 
759 
743 
743 
714 
708 
583 
535 
629 

449 
..- 
._ 
-. 
_. 
1963 
2418 
725 
746 
708 
540 
905 
893 

.._ 

951 
1045 
929 
714 
601 
579 
556 
592 
773 
535 
525 

1355 
595 
554 
549 
597 
558 
549 
547 
531 
523 
713 
610 
555 
556 
781 
777 
791 
773 
772 
745 
737 
708 
550 
652 

442 

..- 

- 
-~ 
._ __ 
.- 
- - 
2525 
753 
783 
705 
571 
95s 
954 __ 

_.. 
._ -. 

1060 1159 
1160 1275 
1032 1135 
779 544 
658 715 
535 593 
512 559 
650 707 
853 .- 
583 - 
654 
-.. 
1467 1580 
526 561 
587 520 
581 612 
630 554 
591 625 
580 612 
578 608 
563 594 
554 554 __ - -. 
- - 

813 846 
808 838 
523 555 
804 834 
602 631 
775 606 
756 795 - _.. 

..- _.. 
_. 

435 428 
.... 

- _. 
-. 

__ 
_. __ __ _. 
.... 

502 -- 
819 65f 
706 ..- 
502 63: 

1032 -- 
1034 -- 542 613 

dCI) "5s 
ISOaik Iwillon E n a m  . 5 MW 402 472 
H;diockiic - N&v - 30 MW 473 467 .I_ 

293 287 281 273 ._. - - _. _. Ohio Fails 9-70 
Mlnlrnurn Lavclircd SlkW 102 150 217 225 330 386 437 449 442 435 421 
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Exhibit 8 

Levelired Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

Cnpltill c o l t -  B.5C 
Heat Rule- Bas0 
Fuel F ~ r ~ ~ i l ~ l - H l g h  Capaclly Faclots 

2007 (5lkW yr) 

Technology 0% 10% 20% 30% 40% 50% 60% I 70% 80% 90% 100% 
Pumped Hydra Energy Storage - 500 MW -. .... .... .... 
Lead.Acid Ballew Energy Sloiagc. 5 MW 
Cornprcsscd AI, Energy Sloiagc - 500 MW 

S ~ p e i ~ i i l i ~ a l  Pulverized Coal. 500 MW CCS 
Superciilical Pulverized Coal High Sulfur. 500 MW 
Supcrcrilical Pulvcazcd Coal 750 MW - CCS 
supcrcribcal Pulvenmd Coal High Sulfur 750 MW 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High SuIfuI- CCS 
Wind Energy Convcmon .50 MW 
Gcolhemal .30 MW 
Solar Pholevollaic .50 kW 
Solar Thcrmvl Parabolic Trough. 100 MW 
Solar Thermal Parabols Dish - 1 2 MW 
solar Thermal Cenlal Re~oiver - 50 MW 
Solar Thermal Solar Chimnev .50 MW 
MSW Mass Burn - 7 MW 
RDF Slohor-Fired .7 MW 
Landlit1 G a l  IC Engino . 5  MW 
TDF Mulli.Fucl CFB (10% Ca-fire) - 50 MW 
Scwagc Sludge 8 Anaerobic Digcslion - 085 MW 
Boo Mass (Co.Fra) 
Mollen Caibonalc Fucl Coli - 300 hW 
Spark Ignilion Engine. 5 MW 
Hudmelecliic . Now - 30 MW 

. . . . . . . . 
721 279 337 - 
140 

172 
128 
i o 2  
191 
144 
122 
104 
134 
132 
145 
151 
422 
455 
331 
291 
297 
330 
293 
299 
303 
277 
280 
412 
358 
327 
327 
524 
532 
532 
531 
538 
501 
505 
510 
452 
454 
259 
484 
756 
505 
734 
771 
545 

1741 
1665 
455 
489 
593 
324 
453 
402 
473 

324 
309 
255 
302 
241 
219 
200 
231 
259 
229 
251 
641 
549 
355 
325 
329 
354 
327 
331 
334 
310 
311 
451 
399 
358 
355 
558 
554 
566 
563 
559 
533 
536 
535 
488 
489 
248 
460 
756 
507 
734 
772 
545 

1773 
1777 
520 
527 
595 
355 
571 
525 
457 

248 355 

475 
491 
427 
413 
338 
315 
295 
329 
407 
313 
351 

84 1 
399 
359 
362 
398 
361 
353 
355 
342 
343 
489 
430 
369 
385 
592 
597 
500 
595 
500 
555 
565 
552 
514 
514 
23? 
475 

.._ 

__ 
._ 

773 
545 

1804 

584 
565 
598 
358 
578 
547 
452 

1889 

526 780 932 
572 553 1035 
590 753 915 
524 535 745 
435 532 529 
412 509 506 
392 488 584 
425 523 620 
544 681 om 
397 480 554 
452 552 552 

1034 1225 1419 
433 467 501 
392 425 450 
394 427 459 
433 457 501 
395 429 463 
395 428 450 
397 428 459 
375 407 440 
374 
528 567 505 

.- __ -. 

451 492 
420 451 
415 445 
525 650 
529 561 
534 569 
527 659 
530 561 
597 530 
597 527 
568 515 
540 555 
539 553 
225 -- 
472 467 .- __ 

.- _. 

.- _. 
773 773 
545 -- 

1835 1867 
2001 2113 

649 714 
502 540 
700 703 
420 452 
785 594 
770 892 
455 449 

523 
482 
474 
594 
693 
703 
591 
592 
552 
558 
54 1 
592 
588 

452 
_. 
..- 

__ 
774 

1899 
2224 

776 
578 
705 
484 

1001 
1015 

_.. 

1084 
1215 
1078 
857 
725 
702 
680 
718 
956 
548 
752 

1511 
535 
494 
491 
535 
407 
492 
491 
473 
458 
544 
554 
512 
504 
728 
726 
737 
723 
723 
594 
569 
567 
616 
513 - 
458 .... 

774 

1931 
2335 

803 
715 
707 
515 

1109 
1137 
._ 

._ 

.- 

1235 
1397 
1241 
988 
522 
799 
175 
815 

1093 
732 
853 

1804 
558 
528 
524 
570 
531 
524 
522 
505 
499 
563 
585 
543 
533 
752 
758 
771 
755 
754 
726 
719 
593 
544 
538 

449 

._ 

- 
.- __ 
.-. 
- 
1952 
2448 
908 
753 
708 
547 

1215 
1250 - 

._ 
__ 
1388 
1579 
1403 
1079 
919 
896 
872 
912 

1230 
815 
953 

1997 
502 
552 
556 
604 
555 
556 
553 
535 
530 
721 
515 
574 
563 
795 
790 
805 
767 
765 
758 
750 
719 
570 
653 

442 
- - 
~- 
._ 
.._ 

2560 
972 
791 
709 
579 

1324 
1362 
._ 

_.. 
_. - 
1540 1692 
1750 1941 
1555 1729 
1190 1301 
1015 1113 
993 1089 
968 1064 

1009 1107 
1368 ..- 
1053 -- 
2189 2352 

536 570 
595 529 
589 521 
538 672 
599 533 
588 521 
585 615 
571 603 
562 593 

900 

... - 

._ 
.._ 
_._ .... 
.._ 

829 853 
823 855 
839 873 
819 851 
815 845 
790 823 
780 811 - __ 
.._ 
.... __ 
435- -428 __ - 
_.. ._ - ._ 
._ _. 
_. __ __ 
..~ -. 
1037 ..- 
825 855 
708 
511 643 

1432 -- 
1505 - - - 
_. - Ohio Falls 9.10 293 287 281 273 -. - -- 

Minimum Lovollzcd SlkW 102 200 237 225 405 435 456 449 442 435 428 
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Exhibit 8 

Combincd C&e GE 7FA CT - lnlairnodiala Load 
Combined Cycle 2x1 GE 7FA CT. Inlermcdiale Loa8 
Combinod Cycle 3x1 GE 7FS CT - lnlormcdialc Laas 
Siomms 5000F CC CT . Iniarrnedtalc Load 
Humid Air Turbine Cycle CT .366 MW 
Kalina Cycle CC CT - 262 MW 
Chang Cycle CT .140 MW 
Peaking Microluibine - 0 03 MW 
Sarcload MICrOiUrbinC . 0 03 MW 
Subcrilical Pulverized Coal. 250 MW 
Subcrilical Pulverircd Coal - 500 MW 
Subcrilical Pulvcrizcd Coal. High Sulfur. 500 MW 
Circulating Fluidized Sed - 250 MW 
Ciiculating Fluidized Bed - 500 MW 
Supcrcrilical Pulverized Coal. 500 MW 
Supmrilical Pulverized Coal High Sullur. 500 MW 
Suporcriiical Pulverized Con1 - 750 MW 
Supcrcriiical Pulverized Coal High Sullui . 750 MW 
Pressurized Fluidized Sed Cambuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sullur 
SUbCrilical Pulvorized Coal - 500 MW - CCS 
Subcrilical Pulverized Coal. High SUllUr .500 MW - ,  
Ciiculoting Fluidized Bed. 500 MW . CCS 
Supcrcrilical Pulverized Coal. 500 MW . CCS 
Suparmlicvl Pulvcriied Coal Htgh Sulfur. 500 MW 
Supermlical Pulverized Coal - 750 MW . CCS 
Supercriiical PuIvciized Coal. Hioh Sullui - 750 MW 
1x1 IGCC - CCS 
2x1 IGCC -CCS 
2x1 IGCC High Sullur . CCS 
Wind Encrgy Convcnion .50 MW 
Geoihcrmal - 30 MW 
Solar Pholovaliaic . 50 kW 
SalarThormal ParabollcTmugh. 100 MW 
Solar Thermal, Parabolic Dish. 1 2 MW 
Sola? Thermal Ccnlral Receiver - 50 MW 
Sola  Thermal Solar Chimney. 50 MW 
MSW Mass Burn. 7 MW 
RUF Slokor-Fmd .7 MW 
Landfill Gas IC Engine. 5 MW 
TOF Mulli-Fuel CFS (10% Co.1ir.z). 50 MW 
Sawags Sludge 8 Anaerobic Ulgoslion . 005 
Bio Mass (Co-Fra) 
Mollen Carbonale Fuel Cell - 300 kW 
Spark Ignition Engine. 5 MW 
Hvdioslacliic - Now. 30 MW 

Levelired Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders. and wifh NOx Adders 

Capital cost- 8.50 

Hcnl Ralo- High 
Fucl Forecast-Low Capvclly F ~ c l o r s  

2007 (SIkW Yt) 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Pumped Hydro Energy Slorage .500 MW 147 210 273 ..- __ ._. 
Lead-Acid Batten/ Energy Sloiagc . 5  MW 771 279 337 - 
Compiessed A8r Energy Sloiagc - 500 MW 

lslrnplc Cycle GE LM6000 CT . Peaking Capacily 

i MW 

~~ 

140 224 306 . 
173 
129 
103 
192 
145 
123 
104 
135 
134 
145 
152 
423 
459 
33 1 
291 
297 
330 
293 
299 
303 
277 
260 
412 
368 
327 
327 
524 
532 
532 
531 
536 
501 
505 
510 
462 
464 
259 
404 
766 
506 
734 
771 
646 

1741 
1665 
455 
469 
693 
324 
464 
403 
473 

275 
240 
210 
260 
205 
163 
153 
195 
216 
195 
214 
567 
577 
365 
325 
330 
365 
326 
332 
335 
310 
312 
451 
400 
350 
357 
657 
564 
566 
563 
560 
533 
535 
530 
400 
469 
248 
400 
766 
507 
734 
772 
646 

1773 
1770 
496 
520 
696 
356 
530 
477 
467 

562 

377 
360 
316 
329 
264 
242 
222 
255 
302 
247 
276 

694 
400 
350 
363 
400 
362 
364 
367 
344 
344 
491 
431 
390 
367 
591 
596 
600 
694 
599 
565 
565 

._ 

-. 
._ _.. 

479 581 
487 606 
425 532 
397 465 
324 364 
302 362 
261 340 
315 375 
306 
290 
336 

012 
434 
394 
396 
435 
397 
397 
399 
377 
376 
530 
463 
422 
417 
624 
620 
633 
626 
629 
596 
596 

._ 

507 
514 539 
513 536 
237 225 
476 472 - 

.._ 

..- 
773 773 
646 645 

1004 1636 
1090 2003 
537 577 
506 605 
699 702 
369 421 
596 663 
550 624 
462 456 

469 
349 
400 

930 
469 
429 
429 
470 
432 
430 
430 
410 
407 
569 
495 
453 
447 
650 
659 
667 
657 
660 
628 
626 
613 
565 
562 

467 

_.. 

__ 
__ 

773 

1667 
2115 
616 
643 
704 
454 
729 
696 
449 

__ 

... 

603 
726 
640 
534 
443 
421 
399 
435 
553 
400 
462 

1047 
503 
463 
462 
505 
467 
463 
462 
443 
439 
609 
526 
465 
477 
691 
691 
701 
609 
690 
660 
656 
639 
591 
507 

462 

... 

_.. 
- - 
-. 

774 

1099 
2220 

659 
602 
707 
486 
795 
772 

.~ 

765 
645 
747 
602 
503 
461 
458 
495 
637 
451 
524 

1165 
530 
497 
495 
539 
50 1 
495 
404 
477 
471 
646 
550 
516 
507 
725 
723 
735 
721 
721 
692 
686 
665 
617 
612 

-. 

._ 

... 

667 
964 
654 
670 
563 
541 
517 
555 
721 
502 
566 

1262 
572 
532 
526 
574 
536 
520 
526 
510 
503 
686 
509 
540 
537 
750 
755 
769 
752 
751 
724 
716 
691 
643 
636 

.... 

- 
.... ..- 

774 .- - ._. 
1931 1962 
2341 2453 

700 740 
720 756 
710 712 
519 551 
061 927 
645 919 ._ 

.- 
.... 

969 
1004 
962 
739 
622 
600 
576 
615 
005 
553 
646 

1400 
607 
566 
561 
609 
571 
561 
556 
543 
535 
727 
621 
579 
567 
792 
767 
603 
764 
702 
756 
746 
716 
666 
661 

442 
.._ 
__ __ 
._ - 
..- 
2566 

761 
797 
712 
504 
993 
993 

... 

... 

1091 1193 
1203 1322 
1069 1176 
807 675 
602 742 
660 720 
635 095 
675 736 
669 - 
604 
709 
-. 
1510 1535 
641 676 
600 635 
594 627 
644 679 
605 640 
593 626 
590 621 
576 610 
567 590 

.- .- __ - -_ .... 
025 059 
019 050 
636 870 
015 047 
012 643 
707 019 
777 607 

-- _. - __ 
.ajs . .. 420 

~ 

- -  
-. 
-.. -. 
- _.. 
-. -.. 
- - 
- - 

022 .- 
035 673 
712 .... 
616 640 

1060 
1067 
-.. -.. 

293 267 201- 273 - __ - ~- -. -.. Ohio Falls 9-10 
Minimum Lovollzed SlhW 103 163 222 225 340 399 451 449 442 435 420 
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Exhibit 8 

Levelired Dollars at Various Capacily Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

CUPllili cost- 81150 

Heal Ralc- High 
Fuel Fore~ca~t- Base 

2007 (SlkW yc) 

Caprclly Faclots 
Technology 0% 10% 20% 30% 40% 50% 60% 10% 80% 90% 100% 

Pumpad Hydro Energy Slorage .500 MW 147 71" 77, _.. .._ -.. .... 
Lcad.Aad Ballcw Encrov Sloiaoc . 5  MW 

_I ~ 

Comptcrrsd A r  Energy Slniagc - 500 MW 

Simple Cyclc GE LM5000 CT . Peaking Capacily 
Simple Cyclc GE 7EA CT - Peaking Capacity 
Simple Cyclo GE 7FA CT . Peaking Capacity 
Combined Cyclc GE 7EA CT . lnlormcdiate Load. 
Combined Cyclo GE 7FA CT - Inlcimcdiate Load 
Combined Cyclc 2x1 GE 7FA CT . Inlcimr?diale Loam 
Combined Cyclo 3x1 GE 7FB CT . lnlcrmcdialc Loa 
Siemens 5000F CC CT - Inlormediato Lood 
Humid Am Turbine Cycle CT . 366 MW 
Kalina Cycle CC CT .282 MW 
Chcng Cycle CT . I40 MW 
Peaking Microlurbinc - 0 03 MW 
Basalaad Miciotutbbino - 0 03 MW 
Subcrilical Pulverized Coal. 250 MW 
Subcrilical Pulvaiircd Coal. 500 MW 
Subcrilical Pdvcazed GOBI. High Sullur. 500 MW 
Circulating FIUidmd Bod. 250 MW 
Circulating Fluidized Bed. 500 MW 
Supercritical PUlveiimd Coal. 600 MW 
Supcrcritical PUlvCnZcd Coal High Sullur. 500 MW 

11x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sullui 
Subcnllcal Pulverized Coal - 500 MW - CCS I SUbCiiliCal Pulverized Coal. Hioh Sdlui. 500 MW . I 
Circulaling Fluidized Bed. 50oMW. CCS 
Supcrcrilical Pulvcrizcd Coal. 500 MW . CCS 
Supercrilical Pulverized Coal High Sullui - 500 MW 
Supcrcrilical Pulvciizsd Coal 750 MW CCS 
Supcrciitical Pulveriicd Coal High Suilur - 750 MW 
1x1 IGCC . CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullur- CCS 
Wmd Energy C O ~ Y O I S I O ~ .  50 MW 
Geolhcrmal .30 MW 
Solar Phnlovollaic - 50 hW 
Solar Thcrmal Parabolic Trough. 100 MW 
Solar Thermal Parabolic Dish. 1 2 MW 
Solar Thcimal Ccnlral Recalvar - 60 MW 
Solar Thermal Solar Chimney. 60 MW 
MSW Mars Burn. 7 MW 

Sewage Sludgc B Anaerobic Uigcslion . 065 MW 
Bio Mars (Co.Fiie) 
Mollcn Catbonelo Fuel Cell - 300 hW 
Spark lgnilion Engine. 5 MW 
Hvdioclcclric - New. 30 MW 

. .. 
221 279 337 . 
140 

173 
129 
103 
192 
145 
123 
104 
135 
134 
145 
152 
423 
459 
331 
291 
297 
330 
293 
299 
303 
277 
260 
412 
368 
327 
327 
524 
532 
532 
531 
536 
501 
505 
510 
462 
4 M  
259 
484 
766 
506 
734 
77 I 
645 

1741 
1565 
455 
489 
693 
324 
464 
403 
473 

239 

305 
286 
245 
287 
226 
206 
166 
219 
252 
217 
238 
614 
624 
356 
326 
330 
355 
326 
332 
335 
310 
312 
452 
400 
369 
357 
558 
564 
666 
553 
569 
533 
535 
535 
466 
489 
246 
480 
756 
507 
734 
772 
645 

1773 
1779 
511 
528 
596 
357 
555 
500 
457 

336 

440 
446 
387 
383 
312 
289 
269 
302 
369 
286 
324 

769 
401 
350 
363 
400 
363 
355 
367 
344 
344 
491 
432 
390 
387 
592 
597 
601 
595 
600 
566 
566 
562 
514 
514 
237 
476 

~- 

__ 
.._ 
.._ 

773 
645 

1804 
1693 
557 
566 
699 
389 
649 
612 
462 

._ 

.- 

673 
605 
529 
478 
395 
372 
351 
306 
487 
360 
410 

954 
435 
395 
397 
435 
396 

.- 

396 
399 
177 

_. 
.... -. 

706 840 
764 922 
571 813 
573 659 
478 661 
455 538 
433 516 
469 553 
605 722 
432 504 
497 683 

1119 1264 
470 505 
429 464 
430 463 
471 505 
433 466 
431 464 
431 453 

__ 

411 444 
375 0 
531 570 610 
464 495 
422 454 
418 448 
626 660 
529 661 
635 569 
627 659 
630 561 
596 630 
597 627 
568 615 
540 567 
539 564 
225 -- 
472 467 
.- __ 
.- _. 
773 773 
645 -- 

1836 1867 
2006 2120 

624 560 
605 644 
702 704 
422 455 
741 833 
717 821 
455 449 

627 
406 
478 
694 
593 
703 
691 
692 
662 
558 
64 1 
593 
589 

4 6 2 ,  
_.. 
_. - 
-. 

774 

1899 
2234 

736 
683 
707 
487 
926 
925 

_.. 

_I 

-. 

973 
1081 
955 
764 
645 
62 I 
598 
636 
840 
575 
669 

1449 
540 
499 
496 
54 1 
503 
497 
495 
476 
472 
650 
559 
617 
608 
726 
725 
738 
723 
723 
695 
569 
667 
619 
614 

456 

-. 

_. _. 

-. 
- 
-. 
774 

1931 
2348 
792 
721 
710 
520 

1018 
1030 

- 

_. 

1106 
1240 
1097 
659 
728 
705 
660 
720 
956 
647 
755 

1514 
575 
533 
529 
575 
538 
530 
527 
511 
504 
669 
591 
549 
536 
752 
755 
772 
765 
754 
727 
715 
693 
645 
535 

.... 

1240 
1398 
1239 
965 
811 
766 
763 
803 

1075 
719 
84 1 

1779 
609 
566 
563 
611 
572 
562 
550 
545 
535 
729 
523 
581 
589 
796 
790 
606 
767 
785 
759 
750 
719 
571 
654 

.._ 

_. .- 
449 - 442 ._ - __ 

__ __ 
._ 

_. ..- 
1962 -- 
2451 2575 

849 905 
760 799 
712 712 
553 565 

1111 1203 
1135 1240 
.-- __ 

_.. 
_.. .-. 

1373 1501 
1557 171! 
1381 152: 
1050 114! 
894 971 
671 95, 
645 92 
887 97 

1193 -- 
791 - 
927 ..- 

1944 2111 
644 57! 
602 6 3  
596 621 
545 68 
607 64: 
595 621 
592 52, 
576 61: 
569 50 

_. ._. 

_. 
- 

830 85. 
823 85 
040 8 7  
819 85 
815 848 
791 82, 
780 81 
.- - 
.._ .... 

- 
-.. 

-.. _.. 
._ _. 
.._ -. 

961 
037 87 
712 
610 65 

1295 
1344 - - _. 

/Ohio F ~ U S  9-10 293 267 201 273 - -. .-. __ - 
Mlnimurn Lcvcllrod SlkW 103 165 237 225 408 440 456 449 442 436 42 
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Exhibit 8 

Levelired Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

2007 (SlhW yr) Capital cast- Base 
Houl Rata-High 
Fuol Fo~cc~sl-  High 

Pumped Hydio Energy Storage - 500 MW 147 210 273 ---- 

Capacity Fitclars 
TCChndogy 0% 10% 20% 30% 40% 60% 60% 70% 60% 90% 190% 

-.. ._. .- .... .-. 
Lead-Acid Battery Energy Slnrago - 5 MW 221 279 337 ..- _.. _.. .-. _.. .- 
Compm5cd Air Enorqy Sloraqo .500 MW 140 251 351 Î ~.. .... .... ._. 
Simp10 Cyclc GE LM6000 CT - Peaking Capacily 173 331 
Simpic Cyclc GE 7EA CT . Peaking Capacily 129 310 I Simois Cvcla GE 7FA CT Psakino Cvoacilv 103 272 

409 
506 
442 

Combtncb Cyclc GE 7EA CT . lnlckcdialc ioad  192 306 I Combined Cycle GE 7FA CT . lnlcmcdialc Load 145 246 
424 
348 
326 
305 
339 

1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC HighSulfur- CCS 
Wind Energy Cowenion - 50 MW 
Gcolhermal .30 MW 
Solar PholoYollaic .50 hW 
SolaiTlicrmal PaiabolicTrough - 100 MW 
Solar Thormal Parabolic Dish. 1 2 MW 
Solar Thermal Cenlral RCCCIVCI- 50 MW 

134 276 
146 233 
152 257 
423 552 
459 661 
331 366 
291 326 
297 331 
330 366 
293 329 
299 333 
303 336 
277 311 
280 313 
412 452 

422 
321 
362 

.- 
663 
402 
362 
365 
402 
3M 
366 
368 
345 
345 
493 

647 
695 
611 
541 

005 963 
084 1072 
760 950 
057 773 

1121 
1261 
1119 
689 

449 
427 
406 
441 
566 
409 
467 

1065 
437 
397 
399 
436 
400 
400 

__ 

401 
379 
370 
533 

551 652 
526 629 
506 607 
543 645 
710 054 
497 504 
672 677 

1265 1460 
473 500 

754 
731 
707 
747 
996 
672 
762 
-. 
1670 
544 

432 468 
432 466 
474 509 
436 472 
433 467 
434 467 

574 614 

503 
500 
545 
507 
501 
499 
462 
476 
655 

1279 
1450 
1260 
1005 
855 
032 
600 
649 

1142 
760 
807 

1672 
579 

.._ 

539 
534 
561 
543 
634 
632 
616 
609 
695 

1437 
1630 
1458 
1121 

1695 
1627 
1627 
1236 

957 
933 
906 
951 

1200 
040 
992 

2074 
615 
574 
560 
617 
579 
566 
565 
550 
542 
735 

1056 
1035 
1009 
1053 
1430 
936 

1097 

2276 
650 
609 

- 

602 
653 
614 
601 
590 
564 
574 

1753 
2016 
1796 
1354 
1160 
1136 
1109 
1155 .._ 
.._ 
.- 
_. 
2476 
660 
645 
636 
669 
650 
635 
630 
510 
607 __ 

1x1 IGCC 360 400 433 465 496 530 563 695 620 ..- _. 
2x1 IGCC 327 359 392 424 456 469 521 553 586 -.. 
2x1 IGCC. High Sulfur 327 358 309 419 450 461 512 543 573 -- - 
Subcrilical Pulverized Coal. 600 MW. CCS 524 559 595 630 565 701 736 772 007 042 076 
Subcritical Pulverized Coal. High Suilur - 500 MW - 532 666 599 633 067 700 734 757 801 635 860 
Circulating Fluidized Bed. 500 MW . CCS 632 666 603 639 675 710 740 762 018 863 009 
Supsrcriliwl Pulverized Coal .500 MW - CCS 631 5M 590 631 664 696 731 705 796 831 065 
Supercrilicai Pulveriicd Coal kligh Sulfur. 500 MW 538 570 602 634 657 699 731 763 795 627 660 
Supercrilical Pulvcrizcd Ceal .750 MW. CCS 601 535 560 502 635 669 703 736 770 603 037 
Suocrcrilical Pulverized Coal Hioh Sulfur - 750 MW 505 537 569 600 632 064 696 720 760 791 623 

510 537 664 592 619 646 673 701 726 
462 409 516 544 571 598 626 653 690 .- 

- - _. 
26 

766 765 .... - 
506 507 .- .._ __ - .- - _. 
734 734 -- __ _.. .... - _. 
771 772 773 773 773 774 774 -. ..- -.. 

Solar Thermal. Solar Chimney - 50 MW 646 646 646 645 -- ._. _.. 
MSW Mass Bum. 7 MW 1741 1772 1004 1635 1067 1696 1930 1961 - - 
ROF Sloker-Fired - 7 MW 1565 1762 1699 2017 2134 2251 2306 2485 2502 _. 
Landfill Gas IC Engine - 5 MW 455 623 591 660 728 796 664 933 1001 1069 
TDF MuIII.FucI CFB (10% Co.fIrc). 50 MW 469 629 566 606 647 607 727 766 806 645 064 
SewagoSludgc BAnaaiobicDlgsrlion - 085 MW 693 696 699 702 704 707 710 712 712 712 -.. 
Bio Mass (Co.Fire) 324 357 391 424 457 491 524 557 591 624 657 
Molten Carbonale Fuel Cell .300 hW 454 577 690 002 915 1026 1141 1253 1366 1479 
Spark lqnilion Engine - 5 MW 403 532 060 709 917 1040 1175 1303 1432 1561 -- 
Hvdroelectnc . NOW. 30 MW 473 467 462 456 449 - -- -- _. - 

IOim Falls 9.10 293 267 261 273 - - I- -_ - 
Minimum Lcvcllrcd SfkW 103 205 237 225 411 444 456 449 442 436 420 
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Exhibit 8 

Levelized Dollars al Various Capacity Factors Wifh SO2 Adders, with High CO2 Adders, and with NOx Adders 

Capllal Cost- Hlgh 2007 (SIkWyr) 
Hoat Rate-Low 
Fuel Forecast-Low Capacity Factors 

Tcchnology 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Pumped Hydm Energy Starago. 500 MW 194 757 170 -- _.. _. 
Lead-Acid Ballcrv Encmv Sloraaoc - 5 MW 

.. ... 
271 329 307 - 

Combined Cyclc GE 7EA CT . lnle~mcdialo i o a d  I Combined Cyclo GE 7FA CT - Inlcrmr?dialc Load 

IHumid Air Turbinc Cyclc CT . 366 MW 
CT - 202 MW 

Subcrilicai Pulverized Coal - 250 MW 
Subcritical Pulverized Coal - 500 MW 
Subciilical Pulverized Coal. High SUlfUr . 500 MW 
Circulvling Fluidized Bed . 250 MW 
Circulating Fluidized Bod . 500 MW 
Supercrilical PUlverized Coal. 500 MW 
Supaicrilical Pulverized Coal High Sulfur - 500 MW 
SUpeiCiiliCal PUlvemed Coal. 750 MW 
Supcrrslical Pulvcrizcd Coal High Sullur. 750 MW 
Prsssunzed Fluidized Bed Combuslion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcrilical Pulverized Coal - 500 MW . CCS 
Subcrilical PuIvemed Coal. High Sulfur. 500 MW . l 
Circulaling Fluidized Bed - 500 MW - CCS 
Supcrcrilical PUIvOrizCd Coal .500 MW . CCS 
Supcrcrilical Pulverized Coal High Sulfur- 500 MW 
Supcicriliol Pulvoiized Coal - 750 MW - CCS 
Supeicrilical Pulvomcd Coal High Sulfur. 750 MW 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC High Sullur . CCS I Wind EOC~QY Convcsion .50 MW 
Gcolhemii - 30 MW 
Solar Pholowllilic. 50 kW 
Solar Thermal PaiabolicTrough. 100 MW 
Solar Thermal Parabolic D8sh - 1 2 MW 
Solar Thermal Cenlral ROCOIYCI .SO MW 
Solar Thermal Solar Chimney. 50 MW 
MSW Mars Bum - 7 MW 
RDF Sloker.FIred. 7 MW 
Landlill Gas IC Engine. 5 MW 
TDF Mulls-Fuel CFB (10% Ca-fwc) - 50 MW 
Sewage Sludge 8 Anaerobic D~geslon. 085 MW 

101 

197 
145 
115 
216 
163 
137 
117 
153 
149 
167 
174 
466 
490 
398 
352 
357 
390 
355 
361 
365 
336 
339 
523 
450 
410 
410 
607 
696 
699 
694 
703 
659 
664 
600 
601 
603 
299 
506 
909 
592 
067 
097 
750 

1848 
1831 
407 
582 
759 
391 
537 
416 
622 

262 

292 
256 
214 
278 
217 
191 
171 
200 
225 
213 
230 
600 
605 
430 
383 
367 
430 
387 
391 
394 
366 
360 
559 
407 
439 
437 
718 
725 
730 
723 
731 
680 
692 
604 
625 
626 
208 
502 
909 
593 
867 
898 
758 

1080 
1933 
523 
017 
761 
421 
597 
403 
616 

343 

300 
366 
314 
34 1 
272 
246 
225 
262 
302 
260 
287 

712 
461 
415 
417 
462 
418 
421 
423 
397 
397 
595 
516 
460 
455 
749 
755 
761 
752 
759 
717 
719 
707 
640 
640 
277 
578 

- 
099 
750 

1912 
2036 
560 
652 
763 
450 
650 
549 
611 

.- 

._ 

403 
477 
413 
403 
326 
300 
279 
317 
370 
306 
343 

619 
493 
446 
447 
493 
450 
450 
452 
427 
426 
631 
545 
496 
492 
779 
764 
792 
701 
707 
747 
747 
731 
672 
671 
265 
574 

._ 

- 
._ 
.- 
899 
757 

1944 
2138 
596 
607 
765 
479 
718 
616 
605 

-.. 
_. 

570 
580 
512 
465 
361 
355 
332 
372 
454 
353 
400 

926 
524 
470 
477 
525 
481 
460 
482 
457 
455 
667 
574 
525 
519 
010 
014 
023 
010 
015 
776 
775 
755 
696 
693 

570 
.- 

-. 
-.. 
900 

1975 
2241 
633 
722 
767 
509 
770 
683 
599 

- 

... 
_.. 

674 
690 
612 
520 
435 
409 
386 
426 
531 
399 
456 

1034 
556 
509 
507 
557 
513 
510 
511 
406 
405 
703 
602 
554 
547 
84 1 
043 
854 
039 
843 
805 
003 
770 
719 
716 

565 

_. 

.. 

_ 
.. 
_.. 
900 

2007 
2343 
659 
757 
769 
530 
639 
750 _.. 

-. 

769 
009 
711 
590 
490 
464 
440 
401 
607 
445 
513 

1141 

540 
537 
589 
5415 
540 
540 
518 
514 
730 
631 
503 
574 
072 
072 
005 
008 
871 
034 
030 
002 
743 
739 

559 

._ 

587 

_. 
.- 

_. 
900 

2039 
2446 

705 
792 
771 
500 
099 
016 

-. 

.- 

._ 

._ 

864 
920 
810 
652 
544 
516 
494 
536 
603 
492 
569 

1240 
619 
572 
567 
621 
576 
570 
569 
540 
543 
774 
660 
611 
601 
903 
902 
916 
097 
899 
053 
050 
826 
767 
761 

553 

._ 

_. 
~ 

._ _ 

.. 
_. 
2071 
2540 

742 
827 
773 
597 
959 
803 _. 

960 1055 1150 
1030 1141 1252 
910 1009 1106 
715 777 039 
599 653 706 
573 627 602 
540 602 655 
590 645 700 
760 036 --- 
538 585 ..- 
626 602 ..- 

_.. _. 
1355 1462 1569 
650 602 713 
603 634 
597 626 ::E I 
653 684 716 
608 639 671 
600 629 059 I 

572 601 630 
010 --- .._ 
609 -- - 
640 .- . .. 
629 .... ___ 
934 964 995 
931 961 990 
947 977 1000 
926 955 904 
920 956 984 
092 922 951 
086 914 941 
649 --- 

784 -- -- 
790 

33 

._ -.. -. - -.. 
._ -. 

._ -.. 
-- _. 

2651 -- __ 
779 015 
002 097 932 
773 773 - 
627 656 686 

950 1016 -- 
1019 1000 

.._ _I 

391 385 379 372 -- -- ._ - - -- IOhio Falls 9-10 
Mlnlmum Lcvcllzcd SlhW 115 171 225 265 332 386 440 492 538 540 533 
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Exhibit 8 

Levelized Dollars a1 Various Capacily Factors With SO2 Adders, wilh High COZ Adders, and wilh NOx Adders 

Capllal Cosl- High 
Heal Rltle.Low 
Fuel Forcca11- BJIC Capacity Faclois 

2007 [SlhW yr) 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 60% 90% 100% 
Pumped Hydro Energy Slorsge .500 MW 194 7'17 17" __ .-. 
Lcad.Acid Ballew Enciov Sloraoc .5 MW 27 1 

... 
329 307 . 

I _. " 
IComprcssed Air Energy Storage - 500 MW 

2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcriiical Pulverized Coal - 500 MW - CCS 
SUbCriliCal Pulvcrizcd Coal. i-lioh Sulfur. 500 MW . < 
Crculallng Fluidized Bed. 500MW. CCS 
Suporml~~a l  PUlverized Coal .500 MW . CCS 
Supercriiical PuIvmzcd Coal High Sulfur - 500 MW 
Supaicriiical Pulverized Coal. 750 MW CCS 
Supc~crili~al Pulvarizod Coal High Sullui .750 MW 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC High Sulfur CCS 
Wind Energy Conv~mon.  50 MW 
Geolheimal .30 MW 
Solar Pholovollaic - 50 hW 
Solar Thermal Paiabolicirough. 100 MW 
Solvr Thermal Parabolic Dish - 1 2 MW 
Solar Theimal Ccnlrnl Rcceivcr- 50 MW 
Solar Thermal Solar Chimney. 50 MW 
MSW Mars Bum. 7 MW 

101 

197 
145 
115 
216 
163 
137 
117 
153 
149 
167 
174 
466 
490 
390 
352 
357 
398 
355 
361 
365 
336 
339 
523 
458 
410 
410 
607 
096 
099 
094 
703 
659 
664 
680 
GO1 
603 
299 
588 
909 
592 
067 
097 
750 

1646 
1031 
467 
662 
759 
391 
537 
416 
822 

275 

320 
291 
246 
303 
239 
213 
192 
229 
250 
232 
252 
643 
648 
430 
304 
367 
430 
367 
391 
394 
367 
366 
559 
487 
439 
430 
718 
728 
730 
723 
731 
669 
692 
004 
625 
626 
260 
562 
909 
593 
067 
896 
756 

1000 
1935 
537 
617 
751 
421 
621 
511 
615 

369 

444 
437 
378 
309 
315 
260 
267 
305 
383 
297 
331 

796 
461 
415 
418 
462 
419 
421 
424 
397 
390 
595 
516 
486 
465 
750 
755 
762 
753 
760 
718 
720 
706 
649 
649 
277 
570 

._ 

- 
899 
756 

I911 
2038 
508 
653 
753 
450 
705 
605 
611 

567 690 614 937 1060 
563 729 075 1021 1167 
509 640 772 903 1034 
476 563 649 736 023 
390 466 542 616 693 
354 439 515 591 656 
342 417 492 567 642 
381 457 533 609 685 
470 
363 
409 

576 603 790 697 
420 493 556 623 
466 666 844 723 

948 1090 1247 1397 1547 
493 525 557 586 620 

I -.. .... 

447 478 510 542 573 
446 470 508 539 569 
494 525 558 590 622 
450 462 514 546 578 
451 401 511 541 571 
453 402 511 541 570 
420 458 489 519 550 
427 456 
631 668 704 740 778 
545 574 
497 526 
493 520 
761 612 
785 815 
793 625 
702 612 
700 017 
745 777 
749 777 
732 755 
673 697 
672 695 
265 -- 
574 570 
.- - 
- - 
699 900 
757 -- 

1943 1975 
2142 2245 
530 688 
680 723 
765 767 
480 510 
789 673 
700 794 
605 599 

603 632 
554 563 
540 570 
643 075 
045 874 
655 807 
841 070 
645 073 
807 637 
805 033 
760 004 
721 745 
718 741 

585 559 
- - 

.... 
_. 

900 900 

2007 2038 
2349 2452 

739 769 
756 793 
769 771 
540 589 
957 1041 
689 983 

__ _. 

._. 

661 
612 
603 
905 
904 
919 
900 
902 
066 
061 
828 
769 
764 

553 
_. 
.... 

.- 
-. 

2070 
2556 

839 
029 
773 
599 

1125 
1076 .- 

... 

.- 

1104 
I313 
1106 
909 
769 
742 
717 
761 

1004 
686 
GO1 

1697 
652 
605 
599 
654 
610 
601 
599 
560 
574 
812 
690 
841 
631 
937 
934 
950 
929 
930 
096 
089 
052 
793 
787 

_ 

... 
_.. ._ 

1307 1430 
1459 1605 
1297 1426 
996 1083 
845 921 
017 893 
792 867 
637 913 

1111 -- 
754 - 
060 _.. 

1647 1997 
684 715 
635 660 
630 660 
666 719 
541 673 
631 862 
628 656 
611 M i  
803 632 

.- 
- __ I 

968 1000 
964 993 
901 1013 
959 906 
959 907 
920 955 
910 $46 

.... 
._ 

~- ..- _.. 
2659 .- - 

090 940 
064 099 934 
773 773 --- 
620 650 666 

1209 1293 -- 
1173 1287 ..- 

_. .- .... -- _.. ldhio Falls 9-10 391 365 379 372 - - 
Minimum Levellzed SlhW 115 192 287 285 417 486 515 544 547 540 533 
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Exhibit 8 

Levelized Dollars al Various Capacily Faclors Wilh SO2 Adders, with High CO2 Adders, and with NOx Adders 

Capllal Cost- High 
Hcat R ~ ~ c - L o w  
Fuel Forccas1- Hlgh 

2007 (SfkW y d  

- Capacity Fuc101s 
"_. 

Technology 0% 10% 20% 30% 40% 50% 60% 70%--50% 90% 100% 
Pumped Iiydro Energy Sloriigo - 500 MW 194 757 170 _.. ._. .._ .._ _.. 
Lcad.Acid Ballew Encrnv Sloraoo .5 MW 271 

.. ... 
329 357 - 

I _ I  ~ 

Compressed Air Enorgy Sloiagc .500 MW 

simple CYCIC GE L M ~ O W  CT . Peaking capac~iy 
simple Cycle GE 7EA CT - Peaking Capacity 
Simple Cydc GE 7FA CT - Peaking Capiicily 
Combined Cycle GE 7EA CT . lnicrmcdialc Load 
Combined Cycle GE 7FA CT - lnlcrmedialc Load 
Combincd Cycle 2x1 GE 7FA CT - lnlcrmcdiale Loa8 
Combined Cycle 3x1 GE 7FB CT . lnlermedialc Loam 
Siemcns 5000F CC CT - lnlerincdiaic Load 
Humid Air TUIbinC Cycle CT . 365 MW 
Kalina Cycle CC CT .252 MW 
Cheng Cycle CT .140 MW 
Peaking Micralurbina - 0 03 MW 
Baseload MiCrOiUrtmC - 0 03 MW 
Subcritical Pulverized Coal. 250 MW 
Subcritical Pulverized Coal - 500 MW 
Subcritical Pulveriiod Coal, ii igh Sulfur - 500 MW 
Circulaling Fluidized Bod. 250 MW 
Circulating Fluidized Bed - 500 MW 
supcrciilicat Pdvcnzcd Coal - 500 MW 
S~p~rcr i l tcal  Pulverized Coal High Sulfur. 500 MW 

11x1 iGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcrilical Pulverized Coal. 500 MW . CCS I SubcrIlIcaI PUlveiized Coal. l i ioh Sulfur. 500 MW - ,  
Circulalmg Fluidized Bed. 500 MW - CCS 

Supcrcrilical Pulverized Coal High Sulfur - 500 MW 
Supercritical Pulvciircd Coal .750 MW . CCS 
Supcrcrilical PUlVCriled Coal High Sulfur. 750 MW 
1x1 iGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC~ High Sulfur - CCS 
Wind Energy COnVCEion. 50 MW 
Gaalhcrmal .30 MW 
Solar Photovoltaic. 50 kW 
SolaiThcrmaI Parabolic Trough - 100 MW 
Solar Thermal Parabolic Dish. 1 2 MW 
Solar Theimal Ccnirvl Rccsivcr- 50 MW 
Solar Thermal Solac Chimney - 50 MW 
MSW Mass Bum. 7 MW 
ROF Slokor-Fired - 7 MW 
Landfill Gas IC Enginc . 5  MW 

Sewago Sludge B Anaerobic Oigoslion - 055 MW 
Bio Mess (Co.Fire) 
Molten Carbonale Fuel Cell. 300 kW 
Spark lgnilion Engine .5 MW 
Hvdroclecliic . New. 30 MW 

supercii~icai Puivcnzed coat - 500 MW - ccs 

TDF MUII~.FU~I CFB (10% co.fm]. 50 MW 

151 

197 
145 
115 
216 
163 
137 
117 
153 
149 
167 
174 
466 
496 
395 
352 
357 
395 
355 
351 
365 
336 
339 
523 
455 
410 
410 
657 
696 
599 
694 
703 
659 
664 
660 
601 
603 
289 
556 

592 
667 
697 
755 

1548 
1531 
467 
582 
759 
391 
537 
416 
522 

909 

286 

342 
318 
271 
322 
255 
229 
208 
246 
250 
247 
269 
676 
651 

354 
358 
431 
367 
392 
395 
367 
369 
560 
456 
438 
435 
719 
727 
732 
725 
733 
690 
693 
685 
626 
627 
285 
552 
909 
593 
567 
595 
755 

1880 
1935 
546 
615 
761 
421 
639 
532 
616 

430 

391 

455 
492 
427 
427 
347 
321 
300 
335 
411 
327 
365 

865 
463 
417 
419 
463 
420 
422 
425 
395 
399 
597 
517 
469 
456 
752 
758 
764 
755 
762 
721 
723 
710 
651 
651 
277 
575 

.- 

699 
758 

1911 
2044 

654 
763 
452 
742 
648 
611 

609 

633 775 924 1069 1214 
665 535 1012 1155 1355 
563 739 595 I051 1207 
533 639 744 650 956 
440 532 624 716 805 
414 506 595 690 752 
391 483 574 666 757 
431 524 616 709 502 
541 672 803 934 1064 
406 486 566 646 726 
460 556 651 747 542 

1045 1231 1414 1595 1751 
495 528 560 592 625 
449 461 513 545 575 
450 481 512 543 574 
496 529 562 594 627 
452 485 517 550 582 
453 463 514 545 575 

__ ._ 

455 485 515 545 575 
430 461 492 523 554 
429 8 
534 570 707 744 761 
547 576 
498 525 
495 523 
754 517 

797 530 
766 516 
792 521 
751 782 
752 751 

676 701 
674 695 
265 -- 
574 570 

759 820 

735 760 

_.. 
.... -. 
.._ _- 

599 900 
757 -- 

1943 1975 
2151 2257 

671 732 
690 726 
765 767 
452 513 
544 947 
765 552 
605 599 

606 636 
557 557 
551 579 
649 552 
651 552 
563 595 
847 575 

513 844 
851 550 

810 840 
755 810 
726 751 
722 748 

555 559 
x_ .-. 

_. - 
-.. 
900 900 

-. _. 
2007 2035 
2364 2471 
793 554 
762 795 
769 771 
543 573 

1049 1152 
995 1114 
-.. 

665 
616 

914 
913 
925 

601 

905 
g i n  
575 
569 
835 
776 
769 

553 
-. 
__ 
I_ 

.... 
_. 
._. 
2070 
2577 
916 
534 
773 
503 

1254 
1231 

.- 

.- 

1360 

1061 
901 

1532 
1363 

574 
546 
595 

1195 

937 

1954 
657 
610 
605 
660 
615 
606 

556 
575 
515 
695 
646 
635 
947 
944 
961 
939 
939 
906 
598 
860 
501 
793 

547 

505 

._ 

805 

__ 
- -- 
.- 
2654 

977 
570 
773 
534 

1357 
1347 

... 

.... 

150s 1650 
1705 1578 
1519 1675 
1167 1273 
993 1005 

940 1031 
957 I050 

1326 ---. 
555 -.- 

1033 

2145 2331 
689 722 
642 575 
536 667 
592 725 

636 667 
635 564 
617 645 
608 638 

967 1059 

._ 

647 660 

__ __ - - _.. 
.... -.. 

979 1012 

993 1026 
969 1000 
969 998 
936 967 
925 957 

975 1006 

.... 
-_ _. - __ 
-.. -.~ 

540 533 __ - 
.- 

.... .- 
- 

._ _. 
1035 
906 941 
773 -- 
664 694 

1459 - 
1463 

_- 
loiiio ~ a i i s  9-10 391 365 379 372 - -.. .- - 

Minlrnurn Lcvclizcd SIhW 115 205 277 265 455 468 515 548 547 540 53: 
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Exhibit 8 

Levelized Dollars at Various Capacily Factors Wilh SO2 Adders, wilh High COZ Adders. and wllh NOX Adders 

Capllal Cost- High 2007 (SlkWyr) 
Heal Rate- Base 
Fuel FO~~.CCJS~-LOW Capaclly Faclors 

Technology 0% 10% 20% 30% 4 0 %  50% 60% 70% 80% 00% 100% 
Pumped Hydro Enolgy Sloriigc - 500 MW 19d 757 27" -- -.. ._. .... _.. 
Lcad.Amd Ballow Emmv Sloiaoc - 5 MW 

I _  

Compressed Air Encrgy Sloragc .500 MW 

Simple Cycle GE LM6000 CT . Pcaking Capacily 
Simple Cycle GE 7EA CT . Peaking Capacily 
Simple Cycle GE 7FA CT - Pcaking Capacity 
Combincd Cyclc GE 7EA CT . lnlcrmcdialc Load 
Combined Cycle GE 7FA CT . lnlcrrncdialc Load 

Humid Air Turbine Cyclc CT .366 MW I Kalina Cycle CC CT .262 MW 

2x1 IGCC 
2x1 IGCC. Hlgh Sullur 
Subcrilical Pulvcrizcd Coal. GOO MW . CCS I Subcrilical Pulverircd Coill. Hiah Sullui - 600 MW - I 
Circulating Fluidized Bed. 5 0 i M W .  CCS 
Suporcritical Pulvciircd Coal - 500 MW - CCS 
Supcrcrilical PuIvoimd Coal High SuIIur- 600 MW 
Supcrcrilical Pulverized Coal .750 MW . CCS 
Supcrcrilical Pulverized Coal High Sullur - 750 MW 
1x1 IGCC-CCS 
2x1 IGCC - CCS 
2x1 IGCC High Sullur - CCS 
Wind Encrgy Convop3ion. 50 MW 
Geolhcimal .30 MW 
Soloi Phoiovollaic - 50 kW 
SolaiThermal ParabolicTrOugh - 100 MW 
SolarThormal Parabola Dish- 1 2  MW 
Solar Thcimal, Canlral Receiver. 50 MW 
Solar Thoimal Solar Chimney - 50 MW 
MSW Mess Burn. 7 MW 
RUF lakai-Fired - 7 MW 
Landfill Gas IC Engine. 5 MW 
TUF Mulli.Fuel CFB (10% Co.liro). 50 MW 
Sewagc Sludge 8 Anaerobic Uigoslian - 085 MW 
Bio Mas5 (Co.Firc) 
Mollcn Carbonate Fuel Cell . 300 kW 
Spark lgnilion Enginc - 5 MW 
HVdrocloclric. No*. 30 MW 

271 
181 

196 
146 
116 
217 
164 
136 
110 
154 
160 
166 
174 
467 
501 
396 
352 
357 
396 
355 
361 
365 
336 
339 
623 
456 
410 
410 
667 
696 
699 
694 
703 
659 
664 
660 
601 
603 
299 
566 
909 
592 
667 
897 
756 

1840 
1831 
487 
502 
759 
391 
536 
410 
622 

.. 
329 
264 

297 
261 
219 
282 
221 
195 
1 74 
211 
230 
217 
233 
606 
613 
431 
385 
389 
431 

392 
396 
368 
369 
561 
488 
440 
439 
719 
727 
731 
724 
732 
669 
693 
605 
626 
627 
286 
582 
909 
593 
067 
698 
756 

1080 
1939 
526 
619 
761 
422 
601 
406 
616 

388 

... 
367 
346 

395 
375 
323 
348 
278 
252 
231 
269 
310 
265 
292 

726 
464 
418 
420 
465 
421 
424 
426 
399 
400 
596 
616 
470 
467 
751 
757 
764 
755 
762 
720 
722 
709 
650 
650 
277 
578 

.- 

.... 

.._ 

699 
760 

1911 
2046 

664 
656 
764 
453 
664 
558 
61 1 

.- 

494 
490 
426 
413 
335 
309 
287 
326 
390 
314 
352 

836 
497 
451 
452 
496 
454 
455 
457 
431 
430 
636 
549 
500 
496 
783 
768 
796 
765 
791 
750 
751 
734 
675 
674 
265 
574 

.- 

- - 
899 
757 

1943 
2154 
603 
692 
766 
484 
728 
629 
GO5 

__ 
- 

593 
605 
529 
478 
392 
366 
344 
303 
471 
363 
411 

950 
530 
484 
483 
531 
468 
486 

463 
461 
673 
579 
630 
525 
816 
016 
629 
015 
620 
781 
760 
769 
700 
697 

570 

-. 

487 

__ 
-.. - 
-. 
900 

1975 
2261 
641 
729 
769 
515 
791 
699 
599 

- 

-.. 

691 
719 
633 
544 
449 
423 
400 
440 
551 
411 
470 

1063 
563 
517 
516 
565 
52 I 
517 
518 
495 
491 
71 1 
609 
560 
553 
848 
849 
861 
045 
649 
611 
009 

725 
721 

565 

-.. 

784 

_I 

- 
_.. 
.- 

900 

2007 
2369 
680 
766 
771 
546 
654 
769 

- 

.... 

-. 
.... 

790 
634 
736 
609 
506 

457 
496 
631 
460 
529 

1175 
596 
560 
546 
598 
564 
549 
548 
526 
522 
748 
639 
591 
582 
060 
680 
893 
876 
879 
642 
636 
806 
749 
744 

669 

480 

- 
_. 
-. 
900 

2036 
2476 

716 
803 
773 
577 
917 
839 _. 

._ 

889 

839 
949 

674 
564 
537 
513 
565 
711 
509 
569 

1266 
629 
503 
576 
632 
607 
560 
679 
558 
552 
766 
669 
621 
611 
912 
910 
926 
906 
908 
672 
867 
833 
774 
768 

563 

.._ 

-. 

._ 
- 
2070 
2564 

757 
839 
775 
007 
960 
909 

_. 

..- 

.... 

967 
1063 
943 
740 
621 
595 
570 
612 
791 
556 
640 

1400 
662 
615 
609 
665 
620 
611 
609 
590 
562 
624 
700 
651 
639 
944 
941 
956 
936 
937 
903 
696 
850 
799 
791 

547 

.._ 

.- 

__ 
I 

-~ 
._ 
2691 

795 
676 
776 
638 

1044 
960 

_.. 
-.. 

1066 
1176 
1046 
805 
678 
652 
626 
670 
67 1 
606 
707 

1512 
695 
646 
64 I 
698 
653 
642 
640 
622 
613 

._ 

._ 
976 
972 
990 
967 
967 
933 
925 
.._ __ 
..- 
- 

540 
.... __ 

__ 
.... 

034 
913 
776 
669 

1107 
1050 - 

1165 
1293 
1149 
870 
736 
709 
683 
727 .- 

__ 
- 
.... 
1525 
728 
661 
672 
732 
667 
674 
670 
653 
643 __ 

__ __ 
1009 
1002 
1023 
997 
996 
9-54 
954 
_.. 
_. 
_. 

533 

_. 
_. 
-. 

949 

700 
._ 
.._ 

ldh io  Falls 9.10 391 306 379 372 ............ - - ... 1 
Minimum Lcvcllied SlhW 110 174 231 265 344 400 457 509 547 540 533 
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Exhibit 8 

Levelired Dollars al Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders 

Capital Cost- Hlgh 
Heat Riltc- Bars 
Fuel Forecast- B ~ J O  Capaclty Factors 

Pumocd Hvdm E n c i w  Sloraoc .500 MW 194 257 320 .... _. .._ 

2007 (SlhW yr) 

Tachnolaqy 0% 10% 20% 30% 40% 50% 50% 70% 80% 90% 100% 

Load-Rad Ballcry E& St& - 5 MW 
Compmsed Air Energy Sloiage . 500 MW 

Simple Cycle GE LM6000 CT - Peaking Cspmly  
Simplc Cyclc GE 7EA CT . Pealing Capacity 
Simple Cycle GE 7FA CT . Pcahnng Capacity 
Combined Cyclc GE 7EA CT - lnlcrmedialc Load 

Siemens 50dOF CC C l  . lnlcrmcdialc Load 
Humid Air Turbine Cycls CT - 386 MW 
Kalina Cyclc CC CT .282 MW 
Chang Cycle CT - 140 MW 
Peaking Microluibine . 0 03 MW 
Bascload Micralu!binc. 0 03 MW 
Subcritical Pulverized Coal - 250 MW 
Subcrilical PUlverizcd Coal. 500 MW 
Subcritical Pulverized Coal. High Sultur - 500 MW 
Circulating Fluldiicd Bed - 250 MW 
Circulaling Fluidized Bed . 500 MW 
Supcrcrilical Pulverized Coal - 500 MW 
Suporcritical Pulvcrircd Coal High Sullur - 500 MW 
Suponrilical Pulverized Coal. 750 MW 
Supcniilical Pulverized Coal High Sullur - 750 MW 
Pressuiiicd Fluldiiod Bod Combustion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC, Wgh SuIlur 
Subcritical PuIvcwcd Coal. 500 MW . CCS 
Subcrllical Pulvcimd Coal. High Sulfur - 500 MW . I 
Circulating Fluidized Bcd .SO0 MW. CCS 
Supercritical Pulverized Coal .500 MW . CCS 
Supercritical Pulverized Cool High Sullui - 500 MW 
Supcnrilical PuIvemcd Coal. 750 MW . CCS 
Supcnrilical Pulverized Coal High Sullui. 750 MW 
1x1 IGCC - CCS 
2x1 IGCC . CCS 
2x1 IGCC High Sullur-CCS 
Wind Energy Conversion. 50 MW 
Geothcrmal .30 MW 
Solar Pholovollaic. 50 kW 
Soler Thermal. PuraboiicTrougb - 100 MW 
Solar Thermal Parabolic Dish - 1 2 MW 
Solar Thermal Central Receiver- 50 MW 
Solar Thermal Solar Chimney - 50 MW 
MSW Mass Bum. 7 MW 
RDF Stoker-Flied . 7 MW 
Landfill Gas IC Engine - 5 MW 
TDF MuIII.FucI CFB (1096 Codrc) . 50 MW 
Scwvgc Sludge 8 Anaerobic Digestion - 085 MW 
Bio Mass (Co.Flrc) 
Mollen Carbonate Fuel Cell. 300 kW 
Spark lgnilion Engine - 5 MW 
HydiOCleCliiC . NCW .30 MW 

271 
181 

198 
148 
H G  
217 
184 
138 
118 
154 
150 
168 
174 
467 
501 
398 
352 
357 
390 
355 
381 
385 
338 
339 
523 
458 
410 
410 
687 
696 
699 
694 
703 
659 
664 
660 
601 
603 
299 
585 
909 
592 
887 
897 
758 

1840 
1631 
487 
562 
759 
391 
536 
418 

329 
278 

327 
298 
253 
308 
244 
217 
187 
234 
282 
236 
255 
651 
858 
431 
365 
389 
432 
368 
392 
398 
368 
370 
561 
468 
440 
439 
720 
727 
732 
725 
733 
690 
693 
685 
826 
827 
288 
582 
909 
593 
887 
698 
758 

1880 
1940 
540 
519 
761 
422 
825 
516 

387 
374 

455 584 713 841 
450 802 754 906 
389 526 883 799 

__ _.. _. 
816 973 1131 1288 
485 496 531 564 
418 451 465 518 
420 452 464 516 
485 499 532 566 
422 455 469 522 

400 431 462. 482 

._ .._ 
..~ ..- 

970 1099 1227 
1056 1210 1382 
936 1073 1209 
763 654 945 
641 721 GOO 
614 693 773 
569 686 747 
633 713 792 
824 935 1049 
579 647 718 
857 750 832 

1448 1603 1760 
598 631 664 
551 584 817 
547 579 811 
GOO 633 687 
555 569 622 

-. ..- 

-.. __ _. 

1358 1485 
1514 1688 
1348 1483 
1038 1127 
880 959 
852 931 
825 904 
872 952 

1161 -.- 
784 - 
914 ..- __ 

1916 2075 
697 731 
650 884 
643 674 
700 734 
655 889 

424 455 487 518 550 581 813 644 676 
428 457 488 519 549 580 811 642 872 
400 432 464 496 528 560 592 824 8561 

523 553 584 815 645 
599 836 674 712 750 788 826 
519 549 580 510 541 671 702 
471 501 531 582 592 622 853 
468 497 528 554 583 812 841 
752 785 817 850 683 915 948 

882 913 945 758 789 620 851 
765 797 630 883 898 929 962 
755 788 617 848 878 909 940 
762 792 821 851 881 910 940 
721 752 783 614 845 876 907 
723 752 762 611 040 870 899 
710 735 760 785 811 835 661 
851 878 701 726 752 777 802 
551 675 699 723 746 770 794 
277 i65 -- -_ 
578 574 570 565 - _. 

.... 

.._ _. _. 
899 899 900 900 
758 757 -- 

1911 1943 1975 2007 
2048 2157 2255 2374 
594 847 700 754 

_. 
559 

._. 
2038 2070 
2463 2591 2700 
807 860 914 

558 893 730 767 804 641 878 
764 788 789 771 773 775 776 
454 485 518 547 578 810 641 
714 802 891 979 1087 1155 1243 
617 717 818 918 1015 1115 1215 

.- 

._ __ - -.. 
- _.. 

980 1013 
976 1007 
994 1027 
970 1001 
970 999 
937 968 
929 956 

.._ 
_. 

_. -. 

- 
- -. 

_. - -  
987 - 
915 951 
776 -- 
872 703 

1331 - 
1314 --- 816 811 605 599 _. _. -. - 

lohi0 Falls 9.10 391 385 379 372 -. - _. __ 
Mlnlmum Levellzed SlhW 116 197 275 265 432 492 523 553 547 540 533 
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Exhibit 8 

Levelized Dollars at Various Capacity Factors Wifh SO2 Adders, with High COZ Adders, and wifh NOx Adders 

Capllal Cosl. Hlyh 
Hcal Rrtc- Basc 

2007 (SlkW yr) 

Capsclly Factors -. ....... F ~ c l  Forccort. M 9" 

PLIII:IC~ ) ? I ~ ~ ~  Enurg, S!or;ip 510 I.*.\ 1% 757 32C 
. ~ i l l  hi 3 Ilii$lc? Frc in i  SICIJCC. 5 1.'11 271 320 367 

Technology 0% 10:j 20'. 30:: 40% 50:. 6090 7072 809i goa/. 10O:b 
.... ... .... .... .... .... 

. .  . . .  . .  .... .... .... .... . _. - 
-.. ....... I C n m p i s ~ s ~ d  AI, Enorgy Sloragc .SO0 MW 161 289 397 - 

Simple Cycle GE LM6000 CT Peaking Capacity 198 350 
Simple Cycle GE 7EA CT . Peaking Capaoly 146 327 

116 279 I Simolc CYEIE GE 7FA CT . Pcakino Caoacilv 
ICainbincd Cycle GE 7EA CT - lnlc~mcdialc Load 217 326 

Humid Air Tuibnc Cyclc CT - 366 MW 150 267 
Kalina Cyclc CC CT - 282 MW 166 252 
Chsng Cyclc CT - 140 MW 174 274 
Peahing Microtuibine . 0 03 MW 467 666 
B a ~ ~ l o a d  M i ~ m l ~ r b m .  0 03 MW 501 694 
Subcritical Pulvaiired Coal - 250 MW 396 432 
SUbCrilical Puiverizcd Coal. 500 MW 352 386 
Subcrilical Pulverized Coal. High Sulfur. 500 MW 357 369 
Ciiculaliny Fluidized Bed - 250 MW 396 432 
Ciiculaling FlUidiiOd Bed .SO0 MW 355 389 
Suporcrillcal PUIveiiied Coal . 500 MW 361 393 
Supcrcnliwi PUlVellled Coal. High Sulfui - 500 MW 365 396 
Supermlicai Pulverized Coal. 750 MW 336 389 
Supercrilical Pulverized Coal H,gh Sulfur. 750 MW 339 370 
Pressurized Fluidirod Bad Combuslion 523 562 

502 
509 
441 
439 
356 
331 
310 
349 
425 
336 
374 

686 
466 
420 
422 
486 
423 
425 
426 
401 
402 
600 

6% 806 958 1110 
890 871 1053 1234 
804 767 929 1092 
550 661 772 863 
455 552 649 745 
426 525 622 716 
408 502 596 694 
446 543 640 738 
562 699 636 974 
420 503 587 671 
475 575 675 775 

1079 1271 1464 1656 
500 534 566 GO2 
453 467 521 555 
454 467 519 551 
501 535 589 803 
457 491 525 559 
457 490 522 554 
459 490 521 553 
434 466 499 532 
433 521 
639 678 716 755 

..- _. - ~ 

1262 
1415 
1255 
994 
642 
615 
790 
835 

l l 1 t  
755 
676 

1049 
635 
569 
564 
638 
593 
566 
584 
564 
558 
794 

1414 1566 
1597 1778 
1417 1580 
1105 1216 
939 1036 
912 1009 
866 962 
932 1029 

1248 1366 
639 923 
976 1076 

2042 2234 
669 703 

_. 

623 656 
616 649 
672 706 
627 661 
618 650 

1716 
1959 
1743 
1327 
1133 
1105 
1076 
1127 

- 
- 
2427 

737 
690 
661 
740 
695 
663 
676 
862 
652 

615 647 
597 630 
589 621 
632 

11x1 IGCC 456 469 520 551 562 613 644 675 706 .- 
2x1 IGCC 410 441 472 503 534 565 595 626 657 ~ 

2x1 IGCC. High Sulfur 410 439 469 498 520 557 507 616 646 I SUbCrIItCal Pulverized Coal. 500 MW - CCS 687 721 755 789 623 857 891 825 966 997 iwfi 

660 
601 
603 
299 
566 
909 
592 
667 
897 
756 

1640 
1631 
467 
562 

686 712 736 
627 653 679 

582 576 574 
909 
593 ._ 
667 - - 
098 099 699 
758 756 757 -- 

1680 1911 1943 1974 
1943 2055 2167 2279 
552 616 661 746 
620 658 695 733 

Sewage Sludge 8 Anaerobic Dig&lion. 065 MW 759 761 764 766 769 771 773 775 776 776 ..- 
Bio Mars (Co-Fiic) 391 423 455 467 519 551 502 614 646 676 710 
Mollen Carbonal~ Fuel Cell. 300 kW 530 646 753 861 969 1076 1164 1291 1399 1507 
Spark Ignilion Engine - 5 MW 416 541 663 766 906 1031 1153 1276 1396 1521 
UVdroCleClriC - New - 30 MW 622 618 611 605 599 -I -- -. - __ 

. . ....... 
Subcrilical Pulverized Coal. High Sullur. 500 MW - 1 696 726 761 793 625 657 690 922 954 967 1019 
Circulaling Fluidized Sed - 500 MW - CCS 699 733 767 601 636 870 904 936 972 1006 1040 
Supcrcrilical PUlmrizCd Coal. 500 MW. CCS 694 728 756 790 822 654 066 910 950 962 1014 
Supsrciilical Pulverized Coal HighSulfur-500MW 703 734 765 795 626 857 888 919 950 960 l o l l  
SupcrcsliCal PuIvcmed Coal. 750 MW . CCS 659 691 723 755 788 820 852 884 916 948 981 
Supcrcalical PUIVcwed Coal High Sulfur. 750 MW 664 695 725 756 766 017 646 670 909 939 970 
1x1 IGCC . CCS 617 643 869 -.- 
2x1 IGCC - CCS 
2x1 IGCC High Sullur . CCS 
Wind Energy Cowerrion - 50 MW 
Gaolhcrmal - 30 MW 
Solar Pholovollaic- 50 hW 
Solar Thefmal ParabolicTraugh. 100 MW 
Solar Thermal. Parabolic Dish - 1 2 MW 
Solar Thermal Ccnlral Rcceivoi. 50 MW 
Solar Thermal Solar Chimney - 50 MW 
MSW Mass Bum - 7 MW 
RDF Slohcr-Fired .7 MW 
Landlill Gar IC Engine. 5 MW 
TDF Muill-Fuel CFB 110% Codrc) - 50 MW 

_. 765 
705 
702 __ 
570 

900 

791 
731 
727 

565 
-. 
- 
-.. 

900 

2006 
2390 
610 
77 1 

757 783 609 - 
752 777 602 - 
559 
-. 

I ._ _. __ 
2038 2069 
2502 2614 2726 
675 940 1004 1069 ..- 
600 848 664 921 959 I:: I 

IDhIo Falls 9-10 391 385 379 372 ........ - ... - - 1 
Mlnlmumi-e;lzed SlkW 116 214 277 265 464 495 527 553 547 540 533 
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Exhibit 8 

Leveiized Doiiars at Various Capacily Faclors Wilh SO2 Adders, wilh High C 0 2  Adders, and with NOx Adders 

Capllal Co51- High 
H ~ a l  Aalc- High 

2007 (SlkWyr) 

. ". - 
-.. -. .._ .... ICompresscd Air Energy Storage - 500 MW 181 265 349 

505 
505 
439 

607 709 811 913 
624 744 863 982 
546 654 781 868 

1015 
1102 
976 
765 

1117 
1221 
1083 
833 

1219 
1340 
1190 
901 
752 
736 
709 
756 

I_ 

1680 
743 
696 
687 
747 
702 
688 
683 
669 
857 .._ 

423 491 580 626 596 
404 463 523 563 344 

318 
295 
335 
404 
321 
361 

857 
501 

642 
516 
590 
635 
823 
576 
87 1 

1445 
874 
627 
621 
877 
633 
623 
620 
602 
594 
638 

__ 

702 
876 
849 
695 
907 
527 
732 

1563 
708 

378 437 497 557 
72 531 

395 455 515 575 
320 
270 
299 

739 
457 
421 
423 
468 
424 
426 
429 
403 
403 
802 

487 571 655 739 
372 423 474 525 
423 485 547 609 

975 1092 1210 1327 
536 570 605 639 

-.. ...... __ 
455 
455 
503 
459 
459 
461 
436 
435 
641 

490 524 558 593 
469 522 555 588 
5x8 573 fin7 fin7 

681 
654 
712 
657 
655 

. . . . . . .  .. 
494 529 563 596 
492 528 557 590 
492 524 556 586 
459 502 536 569 
466 498 530 552 
680 720 759 799 

852 
635 
628 

458 
410 
410 
687 
698 
699 
694 
703 
659 
864 

480 
442 
440 
720 
728 

521 553 585 
473 505 536 
470 500 530 
754 787 821 

823 

616 
568 
550 
854 
855 
858 

648 679 711 - .... 
599 531 862 _. 
590 820 650 - 
886 921 955 988 1022 
887 919 951 983 1014 
902 935 970 1003 1037 
884 915 947 976 1010 
885 915 947 977 1008 
850 882 914 945 977 
845 875 905 936 966 

750 792 
733 
725 
733 
691 

767 800 
757 789 
764 794 
723 754 
724 755 

834 
820 
825 
786 
785 

852 
855 
818 
615 694 

660 
601 
603 
299 
566 

685 
827 
528 
288 
582 
909 
593 
687 
898 

712 737 
653 578 
652 677 
277 265 
576 574 

783 
704 
701 

570 
__ 
_. - __ 

900 

789 
730 
728 

815 
756 
751 

541 866 
762 807 ..- 
775 800 -- -- 

IC I 2x1 IGCC - CCS 
721 IGCC High Sulfur-CCS I Wind Enarov Conversion - 50 MW ._ 

559 ._. - 
.... 

900 

__ 
553 331 Gcolhormay- 30 MW 

Solar Pholovollaic- 50 kW 
Solar Tliermal Parabolic Trough. 100 MW 
Solar Thcrmol Perabolic Dish - 1 2 MW 
Solar Thermal Ccnlral RCCC~VOI. 50 MW 

565 

900 

909 
592 
867 
897 

- I  .- .._ 
- 

._ __ 
899 699 

Solar Tlisrmal Solar Chimney. 50 MW 758 758 758 757 - -. .- __ 
MSW Mass Burn - 7 MW 1648 1860 1911 1943 1974 2005 2038 2069 .- -. 
RDF Slohci.FircU. 7 MW 1831 1944 2056 2169 2281 2394 2507 2519 2732 _. 
Landfill Gas IC Engine - 5 MW 487 526 559 609 650 691 732 772 813 854 .- 
TDF Mulli-Fuel CFB (10% Co-firc) - 50 MW 582 621 659 698 736 775 613 852 890 928 957 
Sewage Sludge 8 Anaerobic Digcslion . 085 MW 759 762 765 768 770 773 775 776 779 760 
Sio Mass (Co-Firo) 391 423 458 488 521 553 586 816 851 883 715 
Mollen Caitionalc Fuel Cell . 300 kW 539 605 671 736 804 870 936 1002 1058 1135 -- 
Spark lgnilion Engins - 5 MW 419 493 565 640 714 788 881 935 1009 1083 - 
Hvdroelcclric - Now - 30 MW 622 616 611 605 599 -.-. .-. - __ 

-. _.. I 

IOhio Falls 9-10 391 385 379 372 -- -. - - - 
Mlnlmurn Levollrod SlhW 117 177 238 265 354 413 472 525 547 540 533 
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Exhibit 8 

Levelized Dollars at Various Capacity Factors Wilh SO2 Adders, with High COZ Adders, and with NOx Adders 

Cupitai Cost- High 
Hcrt Ralc- High 
Fuel Forecca11- B ~ E D  Capaclty Factors 

2007 (SlkW yr) 

Technology 0% 10% 20% 30% 40% 50% 60% 70% 50% 90% 100% 
Pumpcd Hydro Energy Storage. 500 MW 194 757 370 --- - - ._ 
Lead-Acid Ballcrv Enomv Sloraoo . 5  MW 271 329 

Combined cycle GE   EA CT . ~niekcdiaic i a a d  
CDmbinOd Cycle GE 7FA CT - lnlarmcdiale toad 
Combined Cycle 2x1 GE 7FA CT . lnlermcdiale Loa, 
Combined Cycle 3x1 GE 7F8 CT . lnlsmcdialc Loam 
SiommS 500oF cc CT - lnlorinediaia Load 
Humid Air Turbine Cycle CT .366 MW 
Kallna Cycle CC CT - 252 MW 

Subcriiical Pulverized Coal. 250 MW 
Subcriliol Puivcriicd Coal - 500 MW 
Subcriliol Pulvcnzcd Coal. High Sulfur. 500 MW 
Circulating Fluidized Bed .250 MW 
Circulating Fluidized Sed - 500 MW 
Suporcnlical Pulverized Coal. 500 MW 
Supcrcrilical Puivciized Coal High Sullur. 500 MW 
supercrilicnl Pulvoriied Coal - 750 MW 
Supeicriiical PUivenZCd Coal i i igh Sulfur. 750 MW 
Pressurized Fluidized Bed Comburiion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Suilui 
Subcrilical Pulveriicd Coal - 500 MW - CCS 
Subcriliol PUlveiiied Coal. High Sullur. 500 MW . ( 
Circulating Fluidized Bed. 500 MW. CCS 
Supercritical PuIveri2cd coal. 500 MW . ccs 
Supcrcrilical Pulvcrizcd Coal High SuIIur- 500 MW 
Supcrcriliol Pulvariiod Coal - 750 MW - CCS 
Supcrcriliol Pulvcnmd Coal kligh Sullur - 750 MW 
1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC High SUIIUT-CCS 
Wind Energy Conversion .50 MW 
Gcalhcrmol - 30 MW 
Solar Phoiovollaic. 50 kW 
Solar Thcrmal Paraboiic Trough. 100 MW 
Solar Thermal Pvrabolic Dish. 1 2 MW 
Solar Thormal Ccniral Recaivor - 50 MW 
Solar Thermal Solar Chimney. 50 MW 
MSW Moss Sum - 7 MW 
RDF Sloker.Fired. 7 MW 
tandlill Gas IC Enginc . 5  MW 
TOF Mull-Fuel CFS (1046 Co.lire). 50 MW 
Sewage Sludge 8 Anaciobic Digeslion . 055 MW 
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147 306 
117 259 
215 313 
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357 
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361 
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335 
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458 
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696 
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694 
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664 
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601 
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556 

592 
867 
597 
755 
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457 
562 
759 
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539 
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90s 
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369 
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726 
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695 
686 
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625 
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867 
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756 
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762 
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631 
524 

240 
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390 

490 

isso 
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466 
464 
401 

332 
305 
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322 
357 
311 
347 

534 
485 
421 
423 
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425 
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429 
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602 
522 
473 
470 
755 
761 
768 
755 
765 
724 
725 
712 
653 
653 
277 
575 

409 

._ 

403 

.- __ 

.._ 
599 
755 

1911 

599 
659 
755 
456 
724 
626 

2059 

... .... 

599 732 566 

543 685 527 
504 599 695 
415 495 551 
366 471 554 
365 447 530 
405 469 573 

623 762 940 

505 
363 
433 

999 
502 
456 
457 
503 
460 
460 
461 
435 
435 
642 
554 

501 
769 
793 
502 

795 
758 
756 
735 
679 
675 
265 
574 

._ 

505 

790 

- 
._ __ 
699 
757 

1943 
2172 
656 
695 
760 
459 
515 
733 
605 

623 740 
455 527 
520 606 

1154 1329 
537 572 

_. 

490 525 
490 523 

495 530 
539 574 

493 526 
493 525 
470 503 
467 499 
661 721 
555 617 
537 569 
531 561 
623 657 
525 857 

522 654 
526 857 

756 517 
765 791 

703 720 

636 570 

766 820 

705 732 

570 565 
- __ 
__ .-. 
_. _. __ -. 

900 goo 

1974 2006 
2286 2400 

__ __ 
712 765 
737 778 
770 773 
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537 942 
599 -- 
908 inn1 

_. 
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969 
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665 
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531 
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.- 
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... 

.- 
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661 
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775 
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-. 
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- 
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.- 
900 _. _. 
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1046 1151 

... 

1266 
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031 
804 
777 
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1524 
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624 
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604 
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664 
652 
959 
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.- 
547 - 
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.- 
2741 
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692 
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1256 
..- I -. _. 
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1399 1532 
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559 941 
907 991 

514 -- 
950 .-- 

1989 2155 
711 746 
863 698 
656 669 
714 749 
669 704 
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857 970 
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.... 

._ 

.._ _. __ 
993 1027 
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950 i o i i  
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.... 
._ _. 

33 

.-. 

_.. 
.... __ 
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Exhibit 8 

Levelired Dollars a1 Various Capacily Facfors With SO2 Adders, wifh High C02 Adders, and wifh NOx Adders 

Cupllul C.51- High 
Heal RaIe- High 
Fuei Forccasl-Hlgh 

2007 (SJkW yr) 

- Capaclly Factors 
Technology 0% 10% 20% 30% 90% 50% 60% 70% 80% 90% 100% 

Pumpod Hydro Encrgy Sloragc .500 MW 194 257 320 .... ._. .._ .... 
Load.Actd Ballen, Enom" Sloraoc .5 MW 271 329 357 
Compressed A,, Encrg;sioragC- 500 MW 

Simplc Cycle GE LM5000 CT . Peaking Capvcily 
Simple Cycle GE 7EA CT . Peaking Cnpacily 
Simple Cycle GE 7FA CT . Peakin9 Capacily 
Combined Cyclc GE 7EA CT . lnlcimcdialc Load 
Combinod Cycls GE 7FA CT . lnleimcdialc Load 
Combined Cyclc 2x1 GE 7FA CT . lnlcmedialc Loa, 
Combined Cycle 3x1 GE 7FB CT - Inlamadiele Loa, 
Siomcns 5000F C c  CT - InIDrmcdiale Load 
Humid Air Turbine Cycle CT . 366 MW 
Kalina Cycle CC CT - 282 MW 
Chcng Cycle CT - 140 MW 
Peaking ~ i ~ i o i u r b t n o  - n 03 MW 
B m o a d  M ~ C C O I W ~ I ~ O .  n 03 MW 

s u b c i m i  P U I V ~ ~ ~ Z C ~  C O ~ I  - 500 MW 
Subcritical Pulverized Cod. 250 MW 

S ~ b ~ i i h c a l  Pulvmzcd Coal IHigh Sullur. 500 
Circulaling Fluidized Bed. 250 MW 
Circulalino Fluidized Bed - 500 MW 

MW 

Supcrciilical Pulverized Coal .500 MW 
Supcrcdiical Pulverized Coal High SUlfUr - 500 MW 
Suporciilical PuIvciizad Coal - 750 MW 
Suporcnlicai Puivcrizcd Coal High Sulfur. 750 MW 
Pressurized Fluidized Bed Cornburlion 
1x1 IGCC 
2x1 IGCC 
2x1 IGCC. High Sulfur 
Subcrilicvl Pulvoiiicd Coal - 500 MW - CCS 
Subcriliwl Pulvenmd Coal. High Sulfui .500 MW . ( 
Circulating Fluidized Bed - 500 MW . CCS 

1x1 IGCC . CCS 
2x1 IGCC - CCS 
2x1 IGCC High Sulfur- CCS 
Wind Energy Conversion. 50 MW 
Gsolhcrmol - 30 MW 
Solei Photovollaic. 50 kW 
Solar Thermal Parabolic Trough. 100 MW 
Solor Thermal Pvrabolic Dish - 1 2 MW 
Solar Thcrmal Central Receiver. 50 MW 
Solar Thermal Solar Chimnoy- 50 MW 
MSWMarsBurn-7MW 
RDF S1okcr.Fiicd. 7 MW 
Landfill Gas IC Engine. 5 MW 
TDF Mulli-FUol CFB ( I O %  Co-lire) - 50 MW 
Sewage Sludge 8 Anaerobic Digcslion . 055 MW 
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147 
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215 
165 
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175 
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504 
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361 
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455 
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487 
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335 
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395 
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657 
525 
629 
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552 
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567 
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755 
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555 
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762 
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652 
545 
515 

240 

260 

730 

90s 

402 
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524 
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450 
365 
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319 
350 

344 
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469 
423 
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763 

761 
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714 
555 
655 
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._ 
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770 

.. 

.- 

._ 
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755 
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2065 
523 
551 
755 
455 
765 
676 
511 
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._. 

673 631 989 1147 

625 794 964 1133 
713 902 in90 1279 

567 653 799 915 
469 571 672 774 
443 544 545 747 
420 520 621 721 
461 553 555 757 
554 728 672 1016 
432 520 6117 695 
490 595 700 805 

504 540 575 611 

-~ .... .... 
1110 1311 1513 1715 

458 493 529 564 
459 492 526 560 

462 495 534 559 
506 542 577 613 

452 495 529 553 
453 496 529 561 

437 535 
544 585 725 766 

438 473 507 541 

555 588 
507 539 
$02 533 
793 825 
797 831 
505 642 
794 527 
799 532 
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681 707 

574 570 
255 -- 

757 -- 
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701 740 

2183 2300 
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491 524 
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864 595 
877 913 
851 594 
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827 561 
523 555 
796 523 
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733 759 
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_. ._. 

_. 
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900 900 
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760 820 

_.. - 
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526 596 
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792 
754 
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605 

.... 

._ 

.... 

.- 
2068 
2651 

965 
559 
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1328 
1319 

._ 
-. 
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1656 
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1147 
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971 

1304 
571 

1015 - 
2119 
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635 
625 
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641 
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527 
609 

046 
715 
669 
656 
970 
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575 
619 

601 

960 

810 
._ 
547 
._ _ - 
._ __ - 
2768 

599 
779 
655 

1441 
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1033 

__ 

-.. .... 
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1845 2034 
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1073 1175 
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959 ---- 

1120 -- 
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563 597 
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643 577 
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..- 
_. - .... 
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1020 11156 
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5 4 0 ,  533 
_. 
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.- -.. 

..- __ 
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Introduction 

Kentucky Utilities Company (KU) and L.ouisville Gas and E.lectric Company 

(L.G&E) (collectively, tlie Companies) evaluate future electric service requirements of 

custoiners with balanced consideration of demand-side and supply-side resource options. 

The purpose of this study is to evaluate and screen available demand-side management 

(DSM) alternatives to be included in tlie integrated analysis portion of tlie 2008 

Integrated Resource Plan (IRP). Each alternative was investigated and evaluated using a 

two-step screening process. The first step was qualitative in  nature, where each 

alternative was evaluated based on four criteria. The alternatives that passed the first step 

underwent a second step of screening that was quantitative in name. The quantitative 

screening process was broken down into two separate phases and is discussed in  tlie 

Quantitative Screening Process section of this report. The DSM programs that passed tlie 

quantitative screeiiing process were evaluated with supply-side alternatives i n  tlie 

integrated analysis. 

Qualitative Screening Process 

A list of 80 alternatives was identified which needed to be evaluated (see 

EXHIBIT DSM-I). Next, criteria were defined to facilitate an objective evaluation of the 

alternatives. Based upon the Companies' ob,jectives to provide low cost, reliable energy 

to our customers, and the comments from the PSC Staff Report on KU and LG&E's most 

recently filed IRP(Case No., 2005-00162), four criteria were selected The next task was 

to assign weights or' values to eacli of the criteria. The highest weights were assigned to 

the criteriajudged to be the most important to develop a successful DSM program. The 



most important criterion was tlic cost effectiveness of peak demand reduction. Each 

potential DSM option was evaluated, based on a scale of 1 to 4, using the four criteria. 

Tlie four criteria, their weights, and an explanation of each are shown on E.XHlBlT 

DSM-2. 

Qualitative Screening Results 

Tlie results of the qualitative screening process are shown on EXHIBIT DSM-3. 

EXHIBIT DSM-4 depicts a graphical representation of tlie results of the qualitative 

screening process Each bar in  the graph represents the weighted average of the 

evaluations. The weighted averages are ranked from the highest to tlie lowest. The 

horizontal dark line on E.XHlBlT DSM-I and E.XHlBIT DSM-4 delineates desirable 

programs produced by the qualitative screening analysis which resulted in 28 DSM 

options for further analysis. Tlie cut off of 2 5 was selected by the Companies Energy 

Efficiency Operations Department. Of tlie 28 programs, I5 programs target residential 

customers and 13 target commercial customers. These 28 options were then evaluated iii 

the quantitative screening process. 

Quantitative Screening Process 

The 28 options that passed the qualitative screening process were modeled in  

more detail using DSM Portfolio Pro software. DSM Portfolio Pro is a PC-based 

software package developed by Quantec, LLC. I t  is a screening tool that deteniiines the 

cost effectiveness of DSM options by modeling tlieir costs and benefits over a period of 

time, The program uses hourly load shapes for tlie DSM options as well as the 

Companies' aggregate hourly system load shape. Portfolio Pro utilizes marginal energy 



costs to estimate the cliange in  production costs resulting from tlie implementation of 

each DSM option A detailed production-costing model, PROSYM, was used to 

determine the marginal energy costs used., 

Portfolio Pro calculates the net present value of the quantifiable costs and benefits 

assignable to both the Companies and the customers participating in  a DSM program. 

For each DSM initiative, Portfolio Pro requires the administrative costs, participant's 

costs, life span of the technology, expected level of participation, expected level of free- 

riders, and rate schedules. Portfolio Pro calculates changes to the participant's bill, 

changes in  the Companies' revenue, changes i n  production costs, and changes in tlie peak 

demand. The present value for each DSM alternative is calculated and reported as the 

costs and benefits using the five "California Tests." These five tests include the 

participant, utility cost, ratepayer impact measure (RIM), total resource cost (TRC), and 

societal cost tests. The participant test includes changes in all costs and benefits to the 

customer participating in tlie DSM program The TRC test combines tlie RIM and 

participant tests and indicates overall benefits of the DSM option to the average 

customer, whereas the RIM test considers all impacts to the non-participants. 

The quantitative screening was set up in two pliases, In Phase I, tlie cost to 

administer the program was not considered and i t  was assumed that tlie program had only 

one participant per company (KU and LG&E). This phase was created to remove non- 

cost effective programs, If the benefits of a program do not exceed tlie cost of the 

program without the administration cost, tlreii i t  will not pass with a higher penetration of 

customers and the added burden of the administrative costs, The only cost included in 

this phase was the incremental cost of tlie DSM alternative. Of the 28 programs 



evaluated i n  the Phase 1 portion of the qualitative screening process, 15 passed the 

Participant Test and Total Resource Cost Test screening i n  this phase and were further 

evaluated i n  greater detail i n  Phase I I  of the quantitative analysis., E.XHlBlT DSM-5 is a 

list of tlie assumptions used i n  Phase I of the quantitative analysis and the resulting 

benefit cost ratio, 

Each program that passed Phase I of the quantitative screening process was put 

through a program design phase (Phase I I ) ,  The costs to administer the programs and the 

expected levels of penetration for each Coiiipany (KU and LG&E) were added to the 

programs that passed Phase 1. Additionally, all five of the California tests were 

calculated as part of the Phase II  analysis. See EXHIBIT DSM-2 for a complete 

description of the quantitative screening process, A breakdown of the cost to deliver each 

program to the targeted customers, the number of customers expected to participate i n  

each program, and other pertinent assumptions can be found on EXHlBIT DSM-6, 

Quantitative Screening Results 

Portfolio Pro calculates the net present value of the costs and benefits of a given 

DSM program and calculates the benefit to cost ratios for each of the perspectives of the 

California Tests. Results of the programs evaluated i n  Phase 11 of the quantitative 

screening process are shown on EXHIBIT DSM-7., The programs are ranked by the 

benefit to cost ratios for the TRC test. 



DSM Resources that failed the Quantitative Screening Process 

Below are descriptions of the programs that failed tlie quantitative screening and 

the reasons they failed 

represents residential programs, 

High Efficiency Heat Pump (Replace Existing IJnit) (R) 

For each program, (C) represents commercial and (R) 

This program encourages residential customers to replace existing, less efficient 

heat pumps with higli efficiency heat pump units. Peak and energy savings are 

insufficient to overcome the costs of this program. 

Refrigerator Replacement Incentive (R) 

Many residential customers have aging, poorly insulated refrigerators featuring 

less efficient fan and refrigeration systems. The peak and energy efficiency savings are 

insufficient to overcome the cost to administer this program. 

Room Air Conditioner Replacement (R) 

This program would promote the change out of older room air conditioner units to 

new, more energy efficient units. The peak and energy efficiency savings are insufficient 

to overcome tlie cost to administer this program 

5 



DSNI Resources That Passed Quantitative Screening 

Below are descriptions of the 12 programs that passed the quantitative screening. 

For each program, (C) represents commercial and (R) represents residential programs. 

Duct Evaluation & Sealing (R) 

Many residential air conditioners have duct systems that are poorly constructed 

and insulated, resulting in high rates of leakage. This program will perform diagnostic 

testing of residential duct systems and where potential savings are identified, will assist 

and provide incentives to customers for corrective action. Based upon energy and 

demand savings this program is cost effective with a TRC of 1.14 and a Participant test of 

2.5. 

Duct Evaluation & Sealing (C) 

Many commercial air conditioners and heat pumps have duct systems that are 

p0011y insulated and have high rates of leakage. This program will perform diagnostic 

testing of commercial duct systems and where potential savings are identified, will assist 

and provide incentives to customers for corrective action. Based upon energy and 

demand savings this program is cost effective with a TRC of 2.31 and a Participant test of 

7.62. 
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Geothermal Heat Pump (new construction) (C) 

Geothermal heat pumps are highly efficient heating and cooling systems, but have 

high first costs. This program would provide incentives for commercial customers 

building new facilities to install geothermal systems. Analysis is inclusive of heating and 

cooling benefits only. The peak and energy savings offer marginally effective return with 

a TRC of 1.00 and a Participant test of 1.99. 

Window Shading & Films (R) 

Solar gain through windows is generally the largest contributor to residential 

cooling loads. This program would provide incentives for residential customers to install 

high performance film to existing windows to reduce solar heat gain, reducing cooling 

costs. The peak and energy savings are cost effective with a TRC of 1.55 and a 

Paxticipant test of 1.71. 

High Efficiency Motors (C) 

This program encourages commercial customers that are considering replacing 

worn out motors to purchase energy efficient motoxs. 

cost effective with a TRC of 1.71 and a Participant test of 5.32. 

The peak and energy savings are 

I 



Responsive Pricing/Smart Metering/Energy Use Display (R) 

This is a Time of Use (TOU) rate program with a real time component. The TOU 

rate will be a 3 tier TOU rate, but with a fourth “real time” conipoiient” Customers would 

receive smart thermostats, energy use display devices, and water Iieateripool pump 

controllers to automate energy use based on the price of electricity. This program is an 

expansion and offering to all residential customers, of our Responsive Pricing/Smart 

Metering Program. Based upon the energy and demand savings, this program is cost 

effective with a TRC of 2.42, With a participant cost of zero, the result of the Participant 

Test is infinity 

Refrigeration Optimization (C) 

This program will help comniercial customers with refrigerators and freezers 

improve tlie operational performance with improved controls, defrost cycles, and high 

efficiency fan motors. Based upon the energy and demand savings this program is cost 

effective with a TRC of I .52 and a Participant test of .3 .34. 

Removal of Second Refrigerator (R) 

This program would provide incentives for residential custoiners to remove old, 

inefficient second refrigerators in tlie home. Multiple refrigerators are in  place iii 22 - 

29% of our customer’s homes. Participant costs of “zero” results i n  an “infinite” 

Participant Test. Peak and energy savings are cost effective with a TRC of4.38. 

Energy Management System (C) 

Commercial customers would be piovided an incentive to install a system to 

monitor and control HVAC, lighting and equipment energy consumption, in order to 

8 



ieduce peak demand and usage 

progiani is cost effective with a TRC of 1 37 and a Participant Test of 2.21 

Based upon tlie eneigy and demand savings this 

High Efficiency Heat Pump (replacing resistive heat) (C) 

This program would provide incentives for commercial customers currently 

serviced by electric resistive lieating to convert and install a high efficiency heat pump 

system(s). The peak and energy savings offer marginally effective return with a TRC of 

I .  I and a Participant test o f 2 . X  

Heat Pump Water Heater -Restaurant & Laundries (C) 

Commercial restaurant and laundry customers, who have significant liot water 

usage, would be eligible to receive incentives to convert from electric resistance water 

heating to tlie more energy efficient lieat pump water lieatel- technology. The peak and 

energy savings offer marginally effective return with a TRC of 1,72 and a Participant test 

of 4.07. 

Refrigeration Case Cover (C) 

This program would provide incentives for commercial customers’ to retrofit their 

refrigerator and freezer units with doors and case covers. The peak and energy savings 

offer marginally effective return with a TRC of 1 . 1  and a Participant test of 4.33. 



Recommendations 

All of the programs that passed the quantitative screening process were 

considered in the integrated analysis portion of the IRP where the DSM programs are 

evaluated with the supply-side alternatives. The integrated aiialysis is used to determine 

the direction the Companies should take in meeting the future needs of our customers. 

DSM program design is a complex, dynamic, and time-coiisuiiiiiig activity 

Alternatives that are ultimately selected through this evaluation process may not be 

implemented as they have been described in this document. DSM alternatives that are 

ultimately proposed will be subjected to a iiiucli more rigorous program design cycle, 

which could result in program concepts and program details being changed significantly, 

or programs not being implemented. 
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Residential 

High Efficiency Heat Pump (replacing resistive heat) 
Insulation 
Window Shading and Films 
Duct Evaluation & Sealing 
Removal of 2nd Refrigerator 
High Efficiency Outdoor Lighting 
High Efficiency Heat Pump (replace existing unit) 
Occupancy Sensors - 
High Efficiency Air Conditioning (replace existing) 
Energy Star Certification for Existing Homes 
Refrigerator Replacement Incentive 
Room Air Conditioner Replacement 
Water Heater Replacement (elect. to gas) 
High Efficiency Heat Pump (replacing gas heat) 
Responsive PricinglSmart MeteringlEnergy Use Display 
Geothermal Heat Pump 
Solar Water Heating 
Electric Thermal Storage - Cooling (special rate) 
Attic Ventilation 
Dual Fuel Heating System 
Ceiling Fans 
Energy Star or Equivalent For Existing Multi Family Homes 
Instantaneous Water Heating - Gas 
Strategic tree-planting 
Window Replacement 
Removal of 2nd Freezer 
Replace Electric With Gas Clothes Drier Purchase Incentive 
Dehumidifier 
Passive Solar Heating (new construction) 
Air-to-Air Heat Exchangers (new construction) 
Energy Star Clothes Washer Replacement Incentive 
Freezer Replacement Incentive 
Water Heater Replacement (elect. to elect.) 
Gas Air Conditioning 
Electric Thermal Storage - Heating (special rate) 
Daylighting 
Door Replacement 
Replace Electric With Gas OvenlRange Purchase Incentive 
Hydronic Distribution of Cooling and Heating 
Instantaneous Water Heating - Electric 
Photovoltaic 
Solar Greenhouses and Sunspaces 
Windmills 
Fuel Cells 



Exhibit DSM-I 
Page 2 of 2 

High Efficiency Heat Pump (replacing resistive heat) 
Window Shading and Films 
Duct Evaluation & Sealing 
High Efficiency MotorslASD Motors 
Electric Thermal Storage - Cooling (special rate) 
Geothermal Heat Pump (new construction) 
Energy Management System 
Refrigeration Optimization 
High Efficiency Heat Pump (replace existing unit) 
Building Commissioning 
Heat Pump Water Heaters - Restaurants & Laundrys 
Refrigeration Case Covers 
High Efficiency Air Conditioning (replace existing) 
High Efficiency Cooking 
Clean CHPlCHRP 
Desiccant Cooling 
Polarized Refrigerant Oxidant Agent - 
Chilled Water System Optimization 
Daylighting 
Instantaneous Water Heating - Electric 
Instantaneous Water Heating - Gas 
Strategic Tree Planting 
- Cool Roofs (coatings, membranes) 
Water Heater Replacement (elect. to elect.) 
Solar Water Heating 
Water Heater Replacement (elect. to gas) 
Air-to-Air Heat Exchangers 
Passive Solar Heating 

Door Replacement 
Green Roofs (plants) - 
Window Replacement 
Photovoltaic 
Windmills 
Fuel Cells 
Solar Greenhouses and Sunspaces 

Ixhibit DSM- 1 
'age 2 of 2 
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DSM Screening Process for 2008 IRP 

Qualitative Screening Criteria 

Criteria 
Customer Acceptance 

Technical Reliability 

Cost Effectiveness of 
Eneigy Conservation 

Cost Effectiveness of 
Peak Demand Reduction 

Description 
Tlie degree to which an acceptable 
number of customers is willing to 
participate to create a successful 
program, The highest scores would be 
reserved for measures that have 
beneficial side effects, e g , enlianced 
worker productivity or improvements in 
the quality of a pioduct or service. 
The degiee to which the technology is 
comme~cially available and the 
necessary data are available to evaluate 
this measure. 
The cost of this measure to reduce a ltwli 
relative to tlie cost of generation i n  
$/lcwh . 
The cost of this measure to reduce a kw 
ielative to the cost of generation in  $/kw. 

Weighting 
25% 

15% 

25% 

35% 

Each DSM measure will be given a grade for each criterion based on a zero to four scale 
with four being an excellent rating Tlie weighted averages of tlie ratings will be 
calculated. Measures that are below tlie selected cutoff will be eliniinated from further 
evaluation except when they might coniplenient other n~easiires in  the context of a larger 
DSM program. For example, low-E windows for homes might score poorly individually 
but improve the cost-effectiveness of a residential new constructio~i program i n  which the 
cost of the windows is partially offset by lower costs of MVAC equipment, The selected 
cutoff will be determined from any obvious breakpoints between the sorted weighted 
average scores of the measures. 

Quantitative Scieening Criteria 

The quantitative screening analysis will be performed in DSM Portfolio Pro and will 
consist of tile following phases 

Phasc I: 

one participant per company All programs that pass tlie Participant Test and Total 
Resource Cost Test (TRC) will be analyzed in Phase I1 

Phase 1 will not include tlie cost to administei the program and will include only 



EXIHIBIT DSM-2 
Page 2 01 2 

Phase 11: 
Each program passing Phase I will be evaluated again, using all costs including 

the cost of administration and the best estimate of penetration All five California Test 
results were calculated as part of tlie Phase I1 aiialysis with primary emphasis placed 
upon tlie Participants Test and the TRC 

Each ofthe DSM programs that pass Phase 11 of the quantitative screening may be 
aggregated to create a larger program 
supply-side options in  the integrated planning model. 

The aggregate program(s) will then compete with 
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e I Reliability I ion I Reduction1 Average I Segment 
25% 1 15% I 25% I 35% I I 

Preliminary DSM Screening Sorted 

Customer 
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Preliminary DSM Screening Sorted 
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2008 ANALYSIS OF ItESERVE MARGIN PLANNING CRITERION 
EXECUTIVE SUMMARY 

Tlie Companies 2005 Integrated Resource Plan (Case No. 2005-001 62) stated tlml 

iiiaintaining a 1.2 percent to 14 percent reserve iiiargiii was tlie optimal range, and a 14 percent target 

was recommended for planning purposes. Tlie need to maintain a level ofcapacity in reserve is well 

established i n  the utility industry. Additional generation capacity iiiust be available should there be 

an uiiexpected loss of geneiatioii, reduced generation capacity due to eqtiipnierit problems, 

uiianticipated load growth, variances iii load due to extreme weather conditions, and/or disruptions 

in contracted purchased power. 

Tlie ltey variables for studies of this type are: ( I )  the nuniber and length of planned 

generating unit outages and maintenance outages, (2) generating uni t  forced/equivalent forced 

outage rates, ( 3 )  the availability of purchase power capacity for import, (4) tlie customers perceived 

cost of unserved/einergency energy and (5) the expected system load. Tlie availability of tlie 

Companies’ existing units is based oii historical data and expected performance. The availability of 

proposed generating units is such that it falls within the accepted availability for units of a given 

type, size and class. Since there is no industry standard for the cost of unserved energy, the 

Companies’ relied on a third party report for guidance, Pace Global E.nergy Services prepared for 

tlie Companies tlie report titled “Cost of Unserved Energy” and is iiicluded as Appendix A. 

Sensitivity values around tlie base customer perceived value of unserved energy cost were evaluated, 

as were marlcet purchases, a high annual load forecast, and unit availability sensitivities. The 

Strategist““ computer model was utilized in the evaluation and tlie least cost present value of reveiiue 

requirements (PVRR) was used as the primary decisioii factor 

Optimizations were utilized to create a least cost ordering of supply-side options for various 

reserve margin levels giveii each set of lcey variables. This methodology was repeated for all 

possible combinations of the key variables over a range ofreserve margins. Reserve margins with 

PVRR within 0 ,5  percent of the minimum PVRR were considered as economically equivalent. 

Given the base case assumptiotis used in this study, together with the detailed sensitivity 

analysis performed on the purchase power market, unit availability, customer perceived unserved 

energy cost, annual load forecast, a target reserve margin in the range of 1.3 percent to 15 percent is 

considered optimal, I t  is recommended that tlie Companies maintain a target reserve margin of 14 

percent for planning purposes 
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UVTRODUCTION 

The Companies 2005 Integrated Resource Plan (Case No. 2005-001 62) stated that 

maintaining a 12 peicent to 14 percent reserve margin' was the optiiiial range, arid a 14 percent 

target was recommended for planning purposes, The need to maintain a level of capacity in reserve 

is well established in the utility industry Additioiial capacity must be available (either physical 

generators or purchase power) should there be an unexpected loss of generation, reduced generation 

capacity due to equipinelit problems, unanticipated load growth, variances i n  load due to extreme 

weather conditions, and/or disruptions iii contracted purchase power 

This study was conducted to evaluate and document the economics of maintaining various 

target reserve margill levels given tlie aforementioned clialleiiges. As a result of this study, a 

recommeiidatioii of a target reserve margin for plaiiiiiiig purposes is made. 

The study was conducted using tlie Strategist"'computer model Strategist"" is a capital and 

production costing computer model with the capability to compute total fuel, fixed aiid variable 

operating costs and emission related expeiises for existing and future units, as well as the capability 

to develop a least-cost resource plan for future years. Strategist" can also evaluate tlie reliability of 

electricity power supply and model power transactions. Finally, Strategist"" calculates aii annual and 

study period PVRR for all computer simulations. A minimum present value criterion over the study 

period (30 years) will be used in this study as the principal economic decision parameter, 

This report will: ( I  ) provide a summary of tlie study methodology and assumptions; (2) detail 

assumptions that most strongly influence margin analysis; ( 3 )  describe scenarios and sensitivities 

developed; aiid finally, (4) recommend the least-cost target reseive margin level for the combined 

KU/L.G&E system. 
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P 

Tlie iiietliodology used in  the analysis consisted of using Strategist"" to create an optimized 

(or least cost) supply strategy fora specified reserve margin level and a given set of assumptions and 

ltey variables. This least-cost resource plan is commonly referred to as tlie "optimal" expansion plan. 

Strategistii' optimizations were made for both a base set of assumptions and sensitivities (discussed 

later) at target reserve inargin levels ranging fiom 7 percent to I8 percent in  I percent increnients, 

Tlie 7 percent and 18 percent levels are selected as reasonable minimum and maximum reseiw 

margins based on results in tlie 2005 IRP. Tlie optimization process determines tlie least-cost 

resources from those available to satisfy the user iiiput target reserve margin level. Tlie objective of 

tlie optimizations is to balance costs associated with maintaining a reliable supply system with tlie 

customers' perceived cost ofunserved energy, The result oftlie optimization is a least-cost supply- 

side plan for a given set of assumptions (i.e, reserve margin, load forecast, unit availability, etc.). 

Tlie reserve margin level, which yields tlie niininium PVRR for each set of assumptions and ltey 

variables, can then be determined. Tlie reserve margin levels suggested by the individual 

optimizations can then be reviewed to determine tlie least-cost reserve margin plaiming level for the 

Companies. - 
Appendix B of this report provides detailed inforination describing inputs utilized in tlie 

modeling ofKU, L.G&E and Owensboro Municipal Utilities (OMU) geiieratiiig systems. Utilizing 

tlie multi-area production costing capability of Strategist"", OMU is inodeled separately. This allows 

for more accurate simulation of contractual arrangements between KU and OMU. 

Several inputs strongly influence resource expansion studies of this nature. These inputs 

include: (1) tlie number and length of planned generating unit outages and maintenance outages, (2) 

generating unit forced and equivalent forced outage rates, (i) tlie availability of purchase power 
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Duration Time Between Duration Time Between 
Mill Cieek 5 weeks - 2 years 8 weeks - 8 years 

Trimble Co. I 4 weeks - 2 years 8 weeks - 8 yeais 

capacity for import, (4) tlie customeis perceived cost of unserved 01 emergency energy, and ( 5 )  load 

foiecast and load factor 

Key Input 1:  Unit Planned Outages 

A planned outage (PO) is defined as the removal of a generating unit from service to perform 

work 011 specific components scheduled well in advance with a predetermined start date and 

duration. The guidelines for the scheduling of major and minor planned outages on baseload units in 

the KU/L.G&E system at the time this analysis was conducted are shown iii Table 1 A major 

maintenance typically refers to work on both the steam turbine and generator while minor 

maintenance typically refers to boiler inspection and smaller balance of plant equipment 

maintenance 

Table 1 
KU/LG&E Planned Outage Practices 

on Baseload IJnits 

I Miiiui hlaintciiancc I hlaioi Maintcnaiicc I 

As shown in Table 1, the Companies anticipate that on average, most units will be out three 

weeks for minor planned maintenance work every year and out eight weeks for major maintenance 

every seven years. Trimble County and Mill Creek minor planned maintenance events are expected 

to last approximately four and five weeks, respectively every two years, while major maintenance 

events are scheduled every eight years with durations of eight weeks. 

In  this analysis, maintenance was not re-optimized for any sensitivity run. The planned 

maintenance schedule that exists in  each series is identical for the existing units regardless of what 
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target reserve margin is being evaluated or wliat sensitivity evaluation is being perfonned. 

Optimization of unit  maintenance is a highly computer intensive task which would not significantly 

affect studies of tliis type This analysis assuines that tlie Companies’ current major and minor 

maintenance needs (weeks) will not change over time 

Key Input 2: Unit Forced OutageslEquivalent Forced Outages 

Forced outages are events that require the full unit be removed from service unexpectedly 

and immediately. Forced outage rates (FORs) are defined as the total number of forced outage hours 

divided by the sum of (total number of forced outage hours + total number of service hours)., 

Equivalent forced outage rates (EFORs) are similar to FORs but include hours in which tlie unit is 

derated (capable of operating but unable to operate at full load). FORs and EFORs provide 

information on how frequently particular events cause unit outages or derates. Tlie system rate is an 

internally developed target with the intention of top quartile performance. 

A maintenance outage (MO) is defined as the removal of a generating unit from service to 

perform work on specific components which could liave been delayed beyond the end ofthe next 

weeltend, but requires that tlie unit be removed from service before tlie next major or minor planned 

outage Maintenance outages, like forced outages and forced derates, inay occur at any time during 

the year, may have flexible start dates, and may or may not have a predetermined duration. To 

capture tlie random nature ofevents that trigger a MO and to niaximize tlie effect oftlie MO event 

on system capacity (Le. reduce the generating system capability during the weekday when load is 

greatest instead of on the weekend), maintenance outage hours liave been included in tlie modeled 

forced outage rates of the units 

Table 2 shows modeled base forced outage rates and modeled base equivalent forced outage 

rates for baseload units. 
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CONFIDENTIAL IN1;ORMATION 

Table 2 
Modeled FOR and EFOR 

As part of this evaluation, two unit availability sensitivities were perfomled. One decreased 

tlie availability of the coal units by increasing each coal unit’s EFOR by 5 percent aiiiiually, and the 

second decreased the availability of the pealting units by increasing each CT’s EFOR by 10 percent 

annually, Modeled EFOR for CTs can be found in Appendix B’s Table 2. 

Key Input 3 :  Availability of Firrn/Non-Firm Purchase Capability 

Currently, the Companies liave contracted for tlie purchase of firm capacity from Ohio 

Valley Electric Corporation (OVEC) and OMU (expected termination May 2010). The dispatch of 

purchase power units in Strategist“‘; approxiinates the actual dispatclt of tlie purchase capacity 

These were tile only existing purchase power alternatives available in the base series ofruns. 
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Spot"' 

The OVEC purchase is modeled in  Strategist'"' as a purchase power unit. KU's future 

purchases fi-om OMU are modeled using Strategist'"s multi-area modeling feature, wliicli parallels 

tlie actual dispatching of all units. However, i n  order to model a least-cost dispatch of the coinbiiied 

KUiL,G&E and OMIJ generating systems, a detailed model of tlie OMU generation system is 

required. The details of the OMU generation system model and the amount of on-peak capacity 

available fiom OMU by y e a  during the study period can be found i n  Appendix B 

L.ilte unit availability, a sensitivity was also perfoinied on purcliase power While the base 

assumption limited purcliase power only to tlie above two purchase power contracts, this sensitivity 

allowed purchase power from tlie wholesale power market to be evaluated. Two weekday on-peak 

(5x16) spot purchase volumes were evaluated, 204 MW and ,304 MW at maximum. Spot purchases 

are short-term market purchases that can have a large energy cost and very little or no demand cost 

associated with them This cost profile is utilized because spot purchases generally have a short 

turnaround between notification and physical delivery This evaluation assunies that spot purchases 

are considered to be non-firm capacity. This study assumes that spot purchases are 5 times the 

monthly finii foiward price for the 5x16 period. The spotihourly inarlcet may not have power 

available on occasion; therefore, the spot market was assumed to have 95 percent availability, Table 

3 and Appendix B convey information associated with the purchases modeled in Strategist"". 

204 & 304 5 ,OO% Periods Oiily Throughout 
Study Period 

Table 3 
Modeled Purchase Information 
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Aside from the contractual and spot purchases discussed above, one additional purchase type 

is automatically modeled i n  Strategist"": emergency (unserved) energy. 

Key Input 4: Customer Perceived Cost of Emcrgency/Unserved Energy 

Emergency energy is automatically deternlined by tlie Strategist" model and is a direct 

measure of the system's inability to meet its load demands; therefore, emergency energy purchases 

are a key factor in  determining the optimal target reserve margin level for use in resource planning 

studies. The cost of einergencyiunserved energy is defined as tlie cost (whether real or perceived) to 

a customer during an outage on the transmission or distribution system, or for capacity shortages, 

which result in a power outage. The perceived and realized cost of this type of energy is highly 

dependent on custonier type (i.e.,, residential, commercial, industrial), tlie duration ofthe outage, and 

the frequency at which outages occur,. A residential customer who might only be inconvenienced by 

an outage would likely place a lower value 011 this type of energy than an industrial customer who 

may incur a substantial economic loss due to ai1 outage, L.iltewise, within customer classes, tlie 

value of unserved energy can vary greatly due to individual customer needs. In addition to 

variations customers place on unserved energy, the following attributes of the outage or curtailment 

may affect the overall perceived value by the customer: timing (hour, season), duration, magnitude 

(partial or total), advance notice given, frequency, and coverage (area affected). 

A report was prepared for the Companies by Pace Global E.nergy Services The report is 

titled "Cost of Unserved Energy" and is included in this report as Appendix A. The forecasted 

percentage ofthe Companies' energy sales by class is applied to the survey results and a weighted 

average unserved energy cost estimate is calculated, 
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Class 

Residential 
Coiiimei'cial 

1iidusti.ial 

Table 4 
Customer Perceived Outage Cost Estimates 

~~~~~~~ 

Average Weighted Cost 
($/ltW 11 LC&:E/ICU Customer Sales ("/.)I ($/ltW 11 

Unserved)' Unseived) 
2.04 34 0.69 
3 I .90 30 9.51 
13.04 36 4.69 

Therefore, based on the results as showii i n  Table 4, a base cost of$15 per ltWh for unserved 

energy is used iii this study. An estimate of customer load (ItWh) not served during power outages 

or capacity shortages is detemiined by the Strategist"'model and labeled as "Unserved Energy". The 

unserved energy (kWh) is then multiplied by the unserved energy cost ($/ltWli) to determine the cost 

associated with the power outage or capacity shortfall from the customer's perspective. To consider 

the sensitivity of results to the base assumption of $15/kWh value for unserved energy, values of 

$13/kWh and $19/kWh were identified by Pace Global Energy Services as the likely range of 

unserved energy costs and were also evaluated in this study. 

Key Input 5: Higher than Expected Load Forecast 

A system load factor that is higher thaii forecast could also change the optimal mix of 

supply-side technologies This change could force units such as pealters, normally considered 

alteriiatives with low capital cost but high operating expense, to operate at capacity factors that 

would have made baseload units (such as combined cycles or coal-fired units) the better choice. The 

change in supply-side technologies could affect the optimal system reserve margin target due to the 
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inherent difference i n  the capacity and availability of combustion turbines, combined cycles and 

coal-fired units. Therefore, in recognition of the fact tliat precise load forecasting is unlikely, an 

annual load forecast sensitivity was performed. This sensitivity allows for a more thorough strategy 

and possibly less exposure to the liiglier prices that can be experienced during tlie summer period. 

Anytime load sensitivities are used i n  this evaluation, the resulting reserve margins shown in tlie 

tables and the figures are calculated based on tlie installed capacity and tlie base load forecast and 

not the new forecast. This is done to more fully represent tlie situation where the Companies are 

anticipating tlie load reflected by tlie base load forecast but the obseilied peak loads are higher than 

expected 

The high load forecast developed by the Sales Analysis & Forecasting depai tmeiit has higher 

peaks and eneigies than the base forecast in each and every month and i s  developed using tlie same 

methodology that went into developing the base load foieeast Appendix B contains additional 

detail on the Base and High Load Forecasts 

STRATEGIST ANALYSlS (81 

Combinations of tlie above variables (unit availability, load forecast, load factor, unserved 

energy cost and purchase power) were used to develop a series of cases that enabled the 

deterniiiiatioii of a least cost reserve margin under various conditions. (Note: A series is defined as 

an optimization for a fixed set of variables over the range of 7 percent to 18 percent minimum 

reserve margin.) Table 5, summarizes the key variables for each of the 36 series of eases evaluated. 

For each series, twelve optimizations were performed with a minimum target reserve margin 

ranging from 7 percent to 18 percent (in 1 percent increments), E.acli optimization produced the 

least-cost supply-side strategy for tliat given set of assumptions (including minimum target reserve 

margin) for tlie key variables. Series I through I2 are series where no spot market purchases are 
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Series fl Avnilabililv 

231, I Base I Low I Besc I 15 I Yes (304 MW) 
?4b I B J S C  I Low 1 Base I 19 1 Yes (304 MW) 

Coinbuslion Unserved 5x16 

Av;iilabilily Forecasl Cos1 (SlliWli) Modclcd 
Turbine Load Energy Purchase 

Optimizations were conducted to deteimine the reserve margin level that yields 

PVRR under all scenarios At each target reserve margin level from 7 peicent to 18 per 

50% 

25% 

25% 

the minimum 

'cent, all other 
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key variables were held constant The optimization quantifies the cost and reliability effects of all 

combinations of potential generating technologies and results in  expansion plans, all ofwliich meet 

both tlie pre-specified constraints and the specific target reserve margin criterion. The capital and 

production costs (including the cost of unserved eiiergy) of each plan is determined by the 

Strategis? model, and the expansion plan with the lowest PVRR is selected as the least-cost plan for 

that case. The first case is developed with a reserve margin of 7 percent and optimized iii 

Strategist'"', The next case is developed by increasing the target reserve margin by I percent and 

performing another optimization., This methodology is repeated uiitil tlie target reserve margin being 

evaluated would exceed 18 percent, at wliich time a key variable is changed and the process begins 

anew at a 7 percent reserve margin. Performing optimization simulations at each reserve margiii 

level assures that the optimal (least costly) ordering of units is maintained. Tlie results of the 

optimizations determine the reseive margin level at which the minimum PVRR occurs for each 

series. 

As an example, consider tlie results of tlie optimizatioii process for Series 1.2 and 3 shown in 

Figure I .  The larger values of PVRR at tlie high or low end of tlie reserve margiii curve showii in  

Figure 1 reflect the increase in costs due to capital expenditures or unserved energy respectively. 

Tlie increase in PVRR on the upper ends of tlie curves ( i s .  occurring at tlie higher reserve margin 

levels) is a function of increased capitalioperating expenditures for generatioii construction 

associated with maintaining the higher reserve margin, Conversely, tlie increase in PVRR values at 

the lower target reserve margiii levels is a function of both tlie amount of unserved energy and the 

value placed oii unserved energy. Tlie minimum PVRR (indicated by the arrows in  Figure I ) ,  which 

for Series 1 througli 3 occurs at a 10 percent reserve margin, striltes a balance between 

capitalioperating expenditures associated with maintaining a target reserve margin and tlie value 

placed 011 unserved energy. Notice also in  Figure 1 that the PVRR values are relatively tlie same 
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near and around tlie minimum PVRR. For example, using tlie $15/ltWh (Series 2) curve i n  Figure I ,  

there is less than 0.5 percent difference between tlie PVRR associated with niaintaining a 10 percent 

reserve margin and maintaining a 7 percent to 1.3 percent reserve margin level. Tlie overall flatness 

of the curves around tlie minimum PVRR value suggests reserve margin levels with a PVRR within 

a small variance of tlie minimum PVRR could be considered economically identical or nearly 

identical to tlie lowest PVRR. This indicates a greater level of system reliability, as measured by 

reserve margin, can be attained with minimal increase i n  cost and for this reason, i t  is difficult to 

recommend a single target reserve margin point based solely on tlie minimum PVRR for each series. 

Figure 2 graphically displays all reserve margins for Series 1-3 that are witliiii 0.5 percent of each 

respective Series' minimum PVRR. I t  suggests that, based solely on Series 1-3, that a reserve 

margin range of 8 percent to 12 percent is optimal, Tlie reserve margin range is determined by 

observing the reserve margin levels that are commoii to each case Maintaining a reserve margin 

within this range guarantees that given tlie base assumptions for load, unit availability and purchase 

power, the least-cost case possible is maintained under all assumptions for unserved energy. 

If we now add Series 4-12 to Figure 2, a better overall picture ofhow the sensitivities affect 

both tlie reserve margin ranges and cost can be observed (see Figure 3 ) .  Figure 3 stops at Series 12 

because i t  is a convenient break point for graphing purposes in that i t  is the last case without the 

purchase option. (Note that for convenience the legend associated with Figure .3 lists each Series in  

tlie order that i t  appears iii tlie chart, Le,: tlie least cost case is at the bottom ofthe legend box and tlie 

most costly case is at the top)., As one would expect, tlie least costly case without marltet purcliases 

is Series 1 where unseived energy cost is $13/kWh. Increasing tlie Companies' load forecast when 

unserved energy is assumed to cost $1 9kWh (Series 9) is tlie most expensive sensitivity evaluated. 

All others sensitivities without the inarltet purchase alternative fall between Series 1 and Series 9 

Figures 4a and 4b complete tlie process for tlie remaining Series with inarltet purchases available. 

Page 13 



KWLGE 2008 IRP: Reseive Maigin 
Maich 2008 

Again, the base Series with unserved energy at X I3/ltWh is the least costly series while increasing 

the Companies load forecast when unserved energy is assumed to be X i9/ltWh is the most expensive. 

To re-emphasize, Figures i and 4 are graphical representations of economically equivalent 

reserve margins for each evaluated where a Series is defined by a fixed set of key variable 

assumptions evaluated over a span of ininimum reserve margin values. The reserve margin ranges 

shown in Figures 3 and 4 are considered economically equivalent because they exceed the series 

minimuin by less than 0.5 percent. Considering costs within a range of 0.5 percent allows for a more 

narTow analysis of possible reserve margin planning levels while insuring that proper consideration 

is given to the other possible values of the l e y  variables, Table 6 ,  below, shows the range ofreserve 

margin levels for all Series I-24b and is a tabular form of the data contained in Figures .3 and 4. 

E.ssentially, Table 6 summarizes the ranges of reserve margins for each set of case assumptions (or 

Series) where the cost of maintaining the reserve margin range is equivalent. 
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Based 017 the information iii Table 6 and Figures 3,4a and 4b, the most appropriate reserve 

margin range that would best balance the costs of niaintaining a liigli reserve margin with tlie cost of 

unserved energy can be determined. Again, Figures 3,4a and 4b call greatly assist i n  this process. 

.Just as was done for Series 1-3 (in Figure 2), tlie reserve iiiaigiii range can be determined by first 

counting the iiuinber oftimes that each Series identifies a specific reserve margin as being included 

as that series' economically equivalent PVRR, This process is repeated for all Series and the 

number of tinies that a particular reserve margin level is included as that series' economically 
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equivalent PVRR is accumulated., For example if Figure 3 is examined, i t  can be seen tliat a 13 

percent reserve margin was identified i i i  ten Series, tliat 14 percent was identified in nine Series, 15 

percent was identified in nine separate Series, and so on. Tables 7 and Sa-c (below) summarize the 

frequency ofoccurrence ofeacli reserve margin level in tlie suggested reserve margin range of each 

Series in Figures 3,4a and 4b respectively If  a specific reserve iiiargin was within the economically 

equivalent reserve niargin range, a “ I ”  would be placed in  tlie table at tlie appropriate location, 

Tables 8a and 8b represent tlie two purchase voluines evaluated, and Table 8c is tlie combination of 

Tables Sa and8b. 

Table I 
Number of Times Reserve Margin is 

Identified in Economically Equivalent Range 
(No Market Purchase Allernalive) 
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Table Sa 
Number oFTimes Reserve Margin is 

Identified in Economically Equivalent Range 
(With 204 MW Markel Purchase Ailernalive) 

Table 8b 
Number of Times Reserve Margin is 

Identified in Economically Equivalent Range 
(With 304 MW Market Purchase Alternative) 

II I Minim 
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No Market 
WilhMarket(Avg) 

Total (All) 

Table 8c 
Number of Times Reserve Margin is 

Identified in Economically Equivalent Range 
(Average far Purchase Alternative Cases) 

~~~~~~~ 

Minimum Reserve Margin 
7% 8% 9% 10% 11% 12% 13% 14% 15% 16% 17% 18% 
2 3 3 3 3 4 10 9 9 6 5 5 
2 3 3 3 3 3 6 9 6 6 3 2 
4 6 6 6 6 7 1 6 1 8 1 5 1 2  8 7 

Figures 5, 6a and 6b incorporate Tables 7, Sa and 8b respectively with the addition of the 

dashed line. Table 9 (graphically presented in Figure 7) summarizes the data in Tables 7, Sa and 8b 

revealing that a reserve margin range of 13 percent to 15 percent would be ideal, and 14 percent is 

economical in eighteen (or 3/4) of the cases evaluated 

Table 9 
Total Number of Times Reserve Margin is 

Identified in Economically Equivalent Range 
(All Series) 

LOSS OF LOAD PROB- 

After determining the optimal reserve margin range bases solely on NPVRR, loss of load 

hours (LOLH) were evaluated for series 1-3 (base EFOR, load, and without spot purchase) to assure 

that the typical standard metric of one day in ten years criteria was satisfied As can be seen in table 

10, varying the emergency energy cost does not materially impact LOLH for the three series. The 
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I 
1 
I 
I 
I 
I 
1 

one day in ten years criteria is satisfied at a reserve margin of 14 percent or greater. Loss of load 

must be less than 2.4 on average (24 hours/lO years) for the metric to be satisfied. 

I 

% L O L H ~ ~ ~  - - 
1 15.93 
8 13.65 
9 10.61 
I 0  1.94 
I I  5.80 - 
12 4.42 
I3 2.98 
I ”  1 n7 

Table 10 
Loss of Load Hours (2010-2037) 

11 Series I RescweMnrain I Avenae 11 

SUMMABY AND RECOM- 

Key variables representing a base case series of simulations and sensitivities were analyzed 

in optimization studies. The key variables were evaluated over a range of target reserve margin 

levels. For each series, the minimum reserve margin level was determined This minimum value 

strikes the best balance between the perceived cost to the customer of unserved energy and 

capital/operational expenditures for generation construction or purchased power options. The 
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balance between unserved energy cost and capital expenditures/purchase power is apparent through 

graphical analysis as tlie relatively flat region near and around the minimum PVFX value for each 

case. This suggests that reserve margins in this region of values can be maintained at or near tlie 

same cost. Therefore, the value for reserve margin at the high end of the range of reserve margins 

can he recommended as the planning reserve margin because it represents the maximum system 

reliability at the lowest cost. The analysis summarized in Tables 6-9 suggest a 1.3 percent to 15 

percent reserve margin range would provide the most flexibility to minimize the cost impacts 

associated with decreasing unit availabilities, variances in seasonal or annual load projections and 

the wholesale power market. Therefore, given the assumptions and sensitivities analyzed in this 

study this analysis suggests an optimal target reserve margin in tlie range of 1.3 percent to 15 percent 

and that 14 percent be the Companies target reserve margin for planning purposes. 
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2008 Reserve Margin 

APPENDIX A 
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INTRODUCTION AND EXECUTIVE SUMMARY 

Pace Global Energy Services (Pace Global) was engaged by Cunimins and Barnard to develop an 
estimate of the value of unserved energy for electric utility customers to be incorporated in a 
reserve margin analysis for the E.QN electric utility companies in Kentucky.' Proper valuation 
of outages is an important element of resource planning because it helps to clarify the value of 
tradeoffs between building too much generation and not having enough generation available to 
serve the utilities' entire loads under all or increasingly broad conditions. This balance, or at 
least the ability to address it and plan for it, has become increasingly important during the past 
decade as power quality and system reliability issues have become more prominent. 

Estimates of the cost of unserved energy, or value of lost load, can vary widely - especially 
depending on the duration of the assumed outage and on the customer class. As the duration of a 
power outage gets longer, the costs borne by customers increase across all customer classes but 
the marginal impact for longer outages differs by customer class. Pace Global's findings in this 
area show that lengthier outages become disproportionately more costly for residential customers 
and less costly for industrial customers. These results are summarized below in Exhibit 1. 
Furthermore, the estimated costs exhibit a wide range of values across customer classes, with 
costs to residential customers being significantly lower than costs to either commercial or 
industrial customers. These results are summarized in Exhibit 2, 

The focus of the reserve margin analysis is on reserves needed to serve peak load, so the primary 
results presented herein are estimates of the cost of lost load during on-peak periods These 
estimates range from about $1 3-$19 per peak kWh, on an economy-wide basis, depending on the 
selection of studies to include, and are summarized below in Exhibit 3 .  Based on a careful 
assessment of the studies available for review, Pace Global recommends that a value of 
$14 96ikWh be adopted as a proxy for the value of unserved energy. 

BACKGROUND 

Utility customers - commercial, industrial, and residential - are becoming more reliant on 
improved power quality at their sites. As manufacturers have become increasingly dependent on 
computer controls, commercial sector businesses more dependent on data processing, and health 
facilities more dependent on environmental controls, voltage fluctuations and other power 
quality problems impose production and commercial costs that would have been less likely two 
decades ago. Similarly, the economy has in general become more dependent on electric power 
and the economic cost of regional blackouts has steadily increased over the past few decades. 

Pace Global has conducted a survey of available plamiirig and academic literature on the value of 
lost load ("VOLJ.,") and customer valuation of the cost of power outages, and has synthesized 

' This Report and the information and slatements herein are based in whole or in part on information obtained from 
various sources as of September 9, 2007 
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cost estimates that are suitable for the primary task of assessing E ON’S reserve margin This 
report provides a summary of Pace Global’s literature survey and assessment of the available 
studies. In the course of developing an estimate of costs of unserved energy, three issues were 
repeatedly encountered: 

the range or scope of the studies, 
the impact on costs of the duration of outages, 
and the differences in costs across customer types 

In addition, there is evidence from one study that the costs of outages may vary widely by the 
type of outage, i.e whether it is caused by generation problems or transmission and distribution 
problems. 

PRIMARY ANALYSIS ISSUES 

SCOPE OF PUBLIC ANALYSES 

Most customer cost surveys that are publicly available were conducted during the 1980s or early 
1990s, using data from electric utilities in the East and West coast regions of the U.S. and from 
Canada and Europe. Studies that were used for this project are shown in Attachment 2, aiid 
comprise 12 different data sets. Cost estimates for all studies have been converted from their 
original currencies and base period values to 2007% Two of the more recent studies provide 
regional data that is more applicable to the Midwest study area: an econometric review prepared 
by Lawton et al for the L,awrence Berkeley National Laboratory (“LBNL.”) that includes data 
from the late 1990s from Southern Company, Duke, and Cinergy (as well as several otlier 
Eastern and Western utilities), and a 2002 study by Chowdhury for the Mid-American utility 
service area. Pace Global also reviewed other studies by Beenstock and Goldin (on priority 
pricing in Israel); Caves et al (on the cost ofpower interruptions in the industrial sector); Kariulti 
and Allan (on cost of outages in the residential sector); Carson et al (on contingent valuation); 
Matsultawa and Fuji (on customer preferences for backup power equipment); Serra and Fierro 
(on outage costs in Chile); and Dalton et al (on value based transmission planning). These latter 
studies were excluded from the sample of studies due to their lack of usable cost estimate data. 
Pace Global also discarded, as too outdated, data from Cramton aiid Lien that related to a 1977 
Finnish study, 

DURATION OF OUTAGE 

The costs of outages are correlated with the dur’ation of the outage - the longer the outage, the 
higher the cost. With no exceptions, all studies show a steady uninterrupted increase in costs as 
outage durations increase from 20 minutes to 8 hours. By itself, this is unremarkable - it simply 
reflects survey participants’ responses that longer outages are more costly. However, when the 
average cost estimates by customer class and outage duration are normalized to a single one-hour 
period, it is evident that the marginal cost of outages over time is most severe for residential 
customers and least severe for industrial customers. As an outage endures, residential customers 
are most likely to continue to incur - or believe they are incurring - increasing costs, while 
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business customers’ incremental hourly losses decline over time. These results are illustrated 
below in Exhibit 1. 

Exhibit 1: Marginal Changes in Costs by Duration of Outage 

I 

. . . . . . . . . . . .  

. . . . . . .  .. 

20 mn 1 hour 4 hour E hour 

-Residential C o m r c i a l  -Industrial 

Source Pace Global 

CUSTOMER CLASS COST VARIATIONS 

In addition to large cost variations between customer classes, the several studies reviewed by 
Pace Global demonstrated wide variations within customer classes.. Exhibit 2 shows minimum, 
median, and maximum cost estimates for’ each customer class. The values labeled as 
“normalized to peak hours” were presented in each of the studies as either the customer class 
average cost per IcWh when the outage occurs in the peak period, or as the average of costs for a 
one-hour outage normalized by dividing each survey respondent’s estimate by the respondent’s 
annual peak load. The values laheled as “normalized to annual k W  were presented in each of 
the studies as the average of costs for that customer class for a one-hour outage normalized by 
dividing each survey respondent’s estimate by the respondent’s annual kwh consumption. That 
is, these values are not a measure of the cost of energy not served. Rather, they are used solely 
to normalize outage costs across customer classes. 

Despite the wide range of estimates within classes, there was no evident pattern of individual 
studies’ cost estimates being systematically lower or higher across all customer classes. In other 
words, system-wide cost estimates derived from the different studies would be expected to 
display a narrower range of results., Efforts to test this are hindered by the lack of consistency 
across the studies with regard to the customer classes covered by the studies. Of 12 data sets 
accessible for this- project, none had costs normalized by annual consumption for all three 
customer classes and only five had costs normalized by peak load for all three customer classes. 
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Residential 
Commercial 
Industrial 

Comparison of the system-wide cost estimates for the five studies that had peak-normalized costs 
for all customer classes shows that maximum value is less than three times as large as the 
minimum value, significantly less than the max/min ratios displayed for customer class in  
Exhibit 2. (see worksheet for Exhibit 2 b 7  Attnckineiit I) 

Normalized to Peak Hour ($/kWh) Normalized to Annual kWh ($/kWh) 
Minimum Median Maximum Max/Min Minimum Median Maximum MaxlMin 

$0.,61 $1 96 $2.86 5 n/a n/a n/a n/a 
$8 11 $24.,48 $6339 8 $0.,0039 $0.0098 $0.0178 5 
$3.15 $10.36 $8.1.72 20 $0.0006 $0.0042 $0.0292 36 

DIFFERENTIATION BY TYPE OF OUTAGE 

Generation outages and transmission & distribution outages can have different impacts on 
customers. Outages caused by insufficient generation availability are expected to impose a lower 
cost because customers can he given advance warning of maximum generation conditions and 
take steps to shut down andlo1 protect critical facilities Outages caused by transmission or 
distribution failures, however, are typically more sudden and can occur with little advance 
warning. Only one study that Pace Global reviewed (Sullivan et al) delineates between these 
types of outages, showing that peak-period outages caused by failure of the T&D system are 
expected to be about twice as costly as generation outages. 

ESTIMATED COST OF UNSERVED ENERGY 

As mentioned above, Pace Global has reviewed and incorporated survey and analysis results 
from 12 different studies. Cost estimates for all studies have been converted to 2007$ The cost 
variations across studies by customer class are shown to be large, but the variation, or range, of 
system-wide cost estimates is considerably nar~ower Estimates of the cost of unserved energy 
are provided below for average system-wide costs, calculated from the entire data set as a simple 
average of the peak period $/kWh costs, and for some modified selections of data, as described. 
E ON’S forecasted customer class weighting (residential-34%, commercial-30%, industrial-36% 
were used to develop the system-wide averages These results are presented in Exhibit 3 .  
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Equal weighting for all data sets 
All 
North American 

All 
North American 

Grouped by study sets 

E.ON customer class weights 

Residential Commercial Industrial System-wide 

$1 90 $28 57 $19.74 $16 33 
$2.21 $29.31 $10.83 $13.44 

$1 74 $30 24 $24 75 $18 57 
$2.04 $31.90 $13.04 $14.96 
34% 30% 36% 

The fir'st block of estimates give equal weighting to all separate data sets. The studies by 
Sullivan et a1 and Subramiam et a1 each included more than one set of results. Sullivan presented 
results for generation outages and for transmission and distribution outages, and Subramiam 
presented three sets of results for customers with varying levels of back-up generation. In the 
first block of estimates, each of those separate studies are given equal weight with all other 
studies,. In the second block of estimates, the averages of the Sullivan alternatives and of the 
Subramiam alternatives are each included as one cost estimate. Adopting an estimate that is 
based on grouped sets of data rather than all individual sets of data could avoid an implicit bias 
that would be introduced by employing multiple data points from individual surveys. 

The second row of each block of estimates includes only studies done for utility areas in the IJS.  
and Canada, and excludes British data from Cramton and Lien and from Kiriulci. Excluding the 
British studies from the analysis removes any implicit biases that may be introduced by 
incorrectly assuming that the economy, business structure, or reliance on electric power, of 
British customers is the same as North American customers. 

SUMMARY AND RECOMMENDATIONS 

As indicated herein, estimates of the cost of unserved energy can vary widely across and within 
customer segments Pace Global has assessed the analyses of several surveys of residential, 
commercial, and industrial customers in the U S , Canada, and Britain that were conducted over 
the past twenty years, including studies that were done witliin the past decade that address 
customer costs in  Midwestern and southeastern utility markets Careful analysis of those reports, 
and syntliesis of their results into a common set ofestimates, leads to the conclusion that overall 
costs of service interruptions during peak hours is likely in a range of about $13/kWh to 
$19/kWh Based on that synthesis, Pace Global recommends that a value of $14 96/kWh be 
adopted as a proxy for the value of unserved energy 

Proprietary & Cortjidential A-5 



1 Global Energy Services 

ATTACHMENTS 

Page Intentionally Left Blank 

Proprietary & Cortfdeiifial A-6 



I Global Energy Services 

9 

10 
1 1  
12 
13 
14 
15 
16 

Attachment 1 -Worksheets for Exhibits Page I of 3 
Outage Costs (2007$) 

ROW r momentary i min 20 min 1 hour 2 hour 4 hour 6 hour 2 4 h o ~ i  
Residential - Nomailred lo Annual kWh Basis 

SO 00000 50 00006 SO 00033 SO 00322 SO 00953 
50.00051 $0.00352 F" """.E 

Tollefson $0.00150 
indurlrisl . Normallred la hnnual kWh Bas15 
LBNL . large CBI (2003) SO00164 
Chowdhury SO 00393 
Subamlam (no slandby syslem) SO00170 
Subiiimlam (ballerysyslem backup) SO 00050 
Subamlam (engine syslem backup) SO 00105 
Kailuki SO 00736 SO 00765 SO OlM4 SO 02917 SO 07952 SO 13037 SO 15394 
Tollefson 50.01126 $0.01172 50.01239 S0.01560 S0.01622 50.02760 S0.05194 60.05924 
C-slem Wide. Normullrod lo h n u a l  kWh Bas15 

*"""",I) 

mmsrclai - Nomailzed lo h n u a l  kWh Bas15 
SO 04222 SO 04944 .. .... ~. ... 3 LBNL . small cai (2003) SO 00321 50 00585 SO 01776 

4 Chowdhury 
5 I Subramiam (no slandbysyslem) $000048 SO 

28 
29 
30 
31 
32 
33 

34 
35 
35 
37 
38 
39 

40 
41 
42 

43 

44 
45 
45 
47 
46 

49 
50 
51 
52 
53 

6 S.oranum (oa!iery s)$Itm OBC*JPI SO 00017 SO C0255 SO (0387 
7 S h a m m  lcngno 6 ) s c m  D a c h a )  EO OCOOl SO 03058 IO 19436 
6 I Kar .J* E000112 SO00117 5000401 50112CO 

LBNL - Small CBI (2003) 550.48 
Cramlon and Lien (Brillsh) S2 30 $8 92 524 46 $6979 516060 922969 
Chowdhury 543 04 
Chrklm5en $1996 

S"l1I"B" (rso Oulage) S63.39 
induslrlai .Peak HOW Basis 
LBNL . Large cai (2003) $1950 
Cramlon and Lion (Brllish) S1467 53285 $5801 $165 05 $276 13 $345 64 
ChoWdhUry $26.85 
Chrlslmsen $10.35 
Suiilvan (generallo" oulaga) $4.96 
Sullivan (Tag oulage) 510.53 
Syslem Wide. Peak HOLI~EJSIS 
ChawdhuIy $22 56 
Sullivan (generallon oulage) $1076 
suiiivan van O U ~ W )  $22.34 
ReSldsnUal . Nomallred lo Peak kW Basis 
Kariukl S1.32 
Camrnericial . Nomailzed ID Peak kW Basis 
Subamiam (no slandbysyslem) s2155 $14 46 

$8 11 
Subramlam (engine system backup) S9.46 
Kariukl 526 02 
Toiiefson $16.51 
induslrlal - Nomaiizsd lo Peak kW Basis 
Subramlam (no slandbysyslcm) $6 04 56 31 
Subramlam (battery syslsm backup) $3 15 

s5 99 
Karluki S51.72 
Tollefson S8.06 

SUlllVan (gene61ion oulage) $29 08 

- 

Subamiam (battery 5y5lem backup) 

Subramlam (engine Byslem backup) 

- 

$0.00141 50.00335 so.00999 

$000125 
so 00229 
SO 00040 
SO00009 
SO 00046 

SO 00424 
SO 00735 
$0 W362 
SO 00062 
SO00152 

cu uwni zu ubi32 
SO 05045 SO 05078 
SOU1215 5002596 
5001234 I002238 . .. .~ ~ ~~ 

SO 04430 SO 09055 SO 11625 
$0.01753 S0.03957 

SO 00769 
$001418 
$001079 
SO 00263 
SO00719 

S0.06608 $0.14091 

SOOOC05 5000055 IO00140 
I000009 5001062 5000200 
5000020 SO03107 5000213 

5000616 I001E52 
SO00837 E002210 
SDOPBE8 5002071 

~ 

SO 00261 SO 00802 SO 01821 
.. ~. =. ~ ~ , ,  .~ ~~ ~ 

SO00576 SO01564 
2 0 r  (largercib) $000039 ;:;9 
21 Allan (large city and w w n d  farms) SO 00031 SO 00095 SO 00213 
22 Chowdhury 50.00321 

23 Ciamlon and Lien (British) 81 24 $8 52 
Reeldenlial - Peak Hour Bash 

,00570 S0.00663 $0,02181 50.03552 
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Attachment I -Worksheets for Exhibits Page 2 of 3 

Duration of outages - relative cost analysis - indexed to one hour - 
Residential 
Cramton and Lien (British) 
Allan-residential subdivision 
Kariuki 
Average 
Commercial 
LBNL-Small C&i (2003) 
Cramton and Lien (British) 
Chowdhury 
Subramiam-No Standby 
Subramiam-Battery Backup 
Subramiam-Engine Backup 
Kariuki 
Tollefson 
Average 
Industrial 
LBNL-Large C&l (2003) 
Cramton and Lien (British) 
Chowdhury 
Subramiam-No Standby 
Subramiam-Battery 
Subramiam-Engine Backup 
Kariuki 
Tollefson 
Average 
System-Wide 
Chowdhury 
Allan-towns/surrounding farms 
Allan-smalllrned city 
Allan-large city 
Allan-larger city 
Allan-large city/surrounding farms 
Avg of System-Wide estimates 

Summaries 
indexed to one hour 
Residential 
Commercial 
Industrial 

20 rnin 
0.85 
0.56 
0.86 
0.75 

0.99 
1 "09 
2.47 

1.98 
0.47 
1 .OO 
1 ,01 
1.29 

I 30 

i,30 
,1.70 
1.60 
1.41 
1.82 
2.08 
1.59 
2.38 
1.73 

1.98 

1,23 
1 ,32 
l"37 
1.36 
1.41 

20 min 

0.75 
1.29 
1 ,,73 

I .20 

I hour 
1 .,00 
1.00 
1 .00 
1 .OO 

1 .OO 
1 .OO 
1.00 
1 ,00 
1.00 
1.00 
1 .OO 
1.00 
1 .a0 

1 .00 

1 ,00 
1 .,00 
1 .a0 
1.00 
1 .o0 

too 

1.00 
1 ,00 
1 .00 
1.00 

I .a0 

I .a0 

I .oa 
1 .a0 
I .a0 

1 hour 

1 .,00 
1 .OO 
1 .OO 

4 hour 
1,71 
2.44 
1.71 
1.96 

0.59 
0.92 
0.80 
0.99 
0.,78 
0.71 
0,92 
0.99 
0.84 

0.45 
0.72 
0,48 
0,74 
0.81 
1.18 
0.68 
0.45 
0.,69 

0,63 
L10 
1.05 
0.89 

0.80 
0.87 

4 hour 

1.96 

0.69 

0.77 

0.84 

a hour 

3.66 

3.66 

0.35 
0.92 
0.75 
1.47 
0.87 
0,64 
0.,94 
0.,85 
0.85 

0.34 
0.59 

0.72 
0.60 
0.79 
0.56 
0.42 

0.41 

0.55 

0.51 
1.48 
1.38 
1 .,07 
0 87 
0.92 
1,04 

8 hour 

3.66 
0.85 
0,55 
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example service 
area 

Apartment Buildings 
Residential 
subdivision 

small-to medium- 

Attachment 3 - Source Data 

Report Title: 
Author(s): 
Abstract : 
Published: August 1993 
Data Vintage: 1985 
conversion from $C to $ U S 0 73278 
Inflation multiplier to $2007 17143 

Page 1 of 13 

Power System Reliability and Its Assessment Part 3 
Allan, R and Billinton, R 
Addresses reliability in electric power systems Part 3 specifically considers 

source: w oanda corn 

Interruption Duration 
1 min 20 rnin 1 hour 4 hour 8 hour 

0,00000 0.00007 0.00039 0.00355 0.01066 

0.00000 0.00005 0.00026 0.00256 0.00767 

size city 
towns and surround 

farms 
large city 
larger city 

large city and 
surrounding farms 

0.00008 0.00065 0.00159 0.00666 0.01759 

0.00005 0.00044 0.001 1 1  0.00492 0.01 31 5 
0.00016 0.00085 0.00193 0.00691 0.01649- 
0.00031 0.00095 0.00208 0.00638 0.01450 

0.00025 0.00077 0.00169 0.00540 0.01245 

Converted to 2007$ by Pace Global 

example service Interruption Duration 

Apartment Buildings 
Residential 
subdivision 

small-to rnedium- 
size city 

towns and surround 
farms 

large city 
larger city 

large city and 
surrounding farms 

Proprietary & Confidcrrlial A-1 1 

0.00000 0.00008 0.00050 0.00446 0.01339 

0.00000 0.00006 0.00033 0.00322 0.00963 

0.00009 0.00082 0.00200 0.00837 0.02210 

0.00006 0.0 0 0 5 6 0.00140 0.00618 0.01652 
0.00020 0.00107 0.00243 0.00868 0.02071 
0.00039 0.001 19 0.00261 0.00802 0.01821 

0.00031 0.00096 0.00213 0.00678 0.0 I564 
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Page 2 of 13 Attachment 3 - Source Data 

Report Title: 
Author(s): 
Abstract: 

Reliability Worth Assessment in Electric Power Delivery Systems 
Chowdhury, A; Mielnik, T; Lawton. L; Sullivan, M and Katz, A 
Discussed the results of a 2002 customer survey conducted by MidAmerican 
Energy Company to determine the value of lost load. This is the first customei 
survey study conducted for the Midwest region of the United States. 

Published: October 2004 

Inflation multiplier to $2007 
Data Vintage: 2002 

1 .,1472 

Peak kWh 

21.10 
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Attachment 3 -Source Data 

Chowdhury (2004) continued 

Page 3 of 13 

Converted to 2007$ by Pace Global 

Outage Cost Per 

43.04 

22.58 
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Class 
Residential 
Commercial 
Industrial 

Attachment 3 - Source Data 

Report Title: 

Author(s): 
Abstract: 

Page 4 of 13 

Assessment of Other Factors: Benefit-Cost Analysis of Transmission 
Expansion Plans 
Christensen Associates Energy Consulting, LLC 
Evaluated the costs and benefits from transmission expansion for the 
American Transmission Company. Included an extensive literature 
review of the cost of unserved energy 

Published: August 2005 

Inflation multiplier to $2007 12213 
Data Vintage: 1999 

# of Observations 17th Percentile 50th Percentile 83rd Percentile 
97 0.3 2.28 7.67 
43 0.12 16.36 24.44 
49 0.39 8.48 24.67 

Table 5: Distribution of per-kWh Outage Costs (1999 $) 
I I I I I’ 

Class #of  Observations 17th Percentile 
Residential 97 0.37 
Commercial 43 0.15 
Industrial 49 0.48 

50th Percentile 83rd Percentile 
2.78 9.37 
19.98 29.85 
10.36 30.13 
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Customer Category 
Industrial 
Commercial 
Residential 
Large Users 

Attachment 3 - Source Data 

Report Title: 
Author(s): 
Abstract: 

Published: February 2000 

Page 5 of 13 

Value of Lost Load 
Cramton, P and Lien, J 
Discusses the parameters that effect an estimate of the Value of Lost 
Load. Addresses the use of VOLL studies to value reliability 

Data Vintage: 1993 
Inflation multiplier to $2007 13523 

e .1 sec 1 min 20 min 1 hour 4 hours 8 hours 24 hours 
14.20 14.87 32.86 58.01 166.06 276.13 345.64 
2.30 2.30 8.92 24.48 89.79 180.80 229.89 

0.35 1.24 8.52 
15.55 15.55 15.82 16.50 20.42 22.31 30.70 

Converted to 2007$ by Pace Global 
Customer Damage Functions per peak kWh 

Outage Duration I 
I I I I 
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Attachment 3 - Source Data Page 6 of 13 

Report Tille: 
Author(s): 
Abstract: 

Published: March 1996 

conversion from f to $ US 

Evalualion of Reilability Worlh and Value of LosI Load 
Kariukl. K and Alian, R 
Discusses customers perceptions of reliability worth In electric supply in lhe Uniled Kingdom Utilized cuslorner surveys 
to determine cuslomer oulage costs and the benefits from reliability 

Data Vlnlage: 1992 

Inflation multiplier to $2007 13834 
1 76613 source: www oanda corn 

Converted to 2007$ and to kWh by Pace Global 
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Agriculture 
Mining 
Construclion 
Manufacturing 
Telco 8 Utilities 
Trade & Retail 
Finance, ins, R.E. 
Service 
Public Admin 

Page 7 of 13 Attachment 3 - Source Data 

Report Titie: 

Aulhnrlsl: 

A Framework and Review of Customer Outage Costs: Integration and Analysis of Electric Utility Outage Cost 
Surveys 

Elo. J and Poouiatian Research Svstems, LLC (Lawrence Berkeley National Laboratory) 

1 
11 
0 

21 
18 
13 
166 
9 
19 

.--..-.\-, 
Abstracl: Avdrage outage costs and Tobit models that esl/mate customer damage funclions are presented. based on 

studies of eight U S utilities in the southeast. west. and Midwest The customer damage functions express 
customer outage costs for a given outage scenario and customer class as a function of location. time of day. 
consumption. and business type 

Published: November 2003 

Inflation multiplier to $2007 11472 
Data Vintage: 2002 

Source dala: 

Table 3-2: Outage Costs by Duration - Large C&l 
I I Aveiaqe Cost per 1 Average Cost Per i 

Table 3-3: Outage Costs for a 1-hr Outa e - Large C&l 
I I Averaoe Cost Per 

Anni i i l  kWh Peak kW 
0.0218 
0.0015 
" "."" 1-L sec "."I*' 

1 rnin 0.0028 
15 min 0.004 
20 rnin 0.0051 
30 min 0.021 1 
1 hr 0.01" 
4 hr O.OL".. 
8 hr 0.0431 
12 hr 0.0408 

Table 4-3: Outage Costs for a 1-hr Outage - Small-Medium 
cai 
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Attachment 3 - Source Data 

Eto (2003) continued 

Converted to 2007$ bv Pace Global 
Table 3-2: Outage Costs by Duration - Large C&l 

I I Averaae Cost oer I Averaqe Cost Per 1 

Table 3-3: Outage Costs for a I-hr Outa e - Large CBI 
I 1 Averaae Cost Per 

Page 8 of 13 

fable 4-2 Outage Costs by Duraiion - Smal-Medium Ckl  
I I Average Cos1 per I Average Cost Per I 

- Small-Medium 
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Table 111: Commercial Outage Costs for Winter (Outage at loam, Friday, end of 
Respondents with 

No Standby System Battery System Engine System 
1 min ($) 63.44 14.13 1.64 
20 min ($) 269.91 176.06 668.77 
1 hr ($) 668.96 561.76 1761.28 
4 hr ($) 2451.35 2375.57 4734.15 
8 hr ($) 6589.78 6483.64 11554.40 

20 min ($/kWh) 0.002421 0.001850 0.000491 
1 hr($kWh) 0.005566 0.002800 0.003153 

8 hr ($/kWh) 0.065625 0.019500 0.016180 

20 min ($/kW) 5.91 1.49 1.48 
1 hr ($/kW) 15.65 5.86 6.85 
4 hr ($kW) 57.69 19.87 20.24 
8 hr($/kW) 148.93 49.19 44.02 

1 min ($/kWh) 0.000345 0.000120 0.000008 

4 hr ($/kWh) 0.022017 0.008785 0.008920 

1 min ($/kW) 1.04 0.30 0.01 

Attachment 3 - Source Data Page 9 of 13 

Report Title: 
Author(s): 
Abstract: 

Understanding Commercial Losses Resulting from Electric Service Interruptions 
Subramaniam, R; Wacker, G; and Billinton, R 
Analyzed the costs to commercial customers based on an unplanned interruption 
in electricity supply An extensive customer survey was conducted to collect data 
from commercial users with different types of electricity backup systems. 

Published: January 1993 

Inflation multiDlier to $2007 13834 
Data Vintage: 1992 

January) 

Respondents with 
I I 
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Respondents with 
I I 

Attachment 3 -Source Data Page 10 of 13 

Report Title: 
Author@): 
Abstract: 

Understanding Industrial Losses Resulting from Electric Service Interruptions 
Subramaniam, R: Wacker, G; and Billinton, R 
Analyzed the costs to industrial customers based on an unplanned interruption in 
electricity supply An extensive customer survey was conducted to collect data 
from industrial users with different types of electricity backup systems 

Published: January 1993 
Data Vintage: 1992 
Inflation multiplier to $2007 1 3834 

Converted to 2007$ by Pace Global 

Respondents with 
Table ill: Industrial Outage Costs for Winter (Outage at loam, Friday, end of January) r I I 
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Commercial Customers 
Cost Per Event 604.19 1317.21 
Cost Per Peak kWh 21.02 45.82 

Cost Per Event 4443 9403.55 
Cost Per Peak kWh 3f i  7 fil 

Industrial Customers 

- 
ayz 

" 

Attachment 3 - Source Data 

Report Title: 

Author(s): 
Abstract 

Page 11 of 13 

Interruption Costs, Customer Satisfaction and Expectations 
for Service Reliability 
Sullivan, M; Vardell. T; Suddeth. N; and Vojdani. A 
Summarizes the results of a comprehensive customer survey 
carried out by Duke Power Company Details the difference 
in outage costs between generation and transmission 
outages 

Published: May 1996 
Data Vintage: 1992 
Inflation multiplier to $2007 13834 

Market Segment 
Residential Customers 

Cost Per Event 
Cost Per Peak kWh 

Cost Per Event 
Cost Per Peak kWh 

Cost Per Event 
Cost Per Peak kWh 

Cost Per Event 
Cost Per Peak kWh 

Commercial Customers 

Industrial Customers 

System Wide 

Residential Customers I I 
Cost Per Event I 4.91 5.39 
Cost Per Peak kWh 1 .88 I 2.07 

Generation Outage Distribution Outage 
Mean Outage Cost Mean Outage Cost 

6.79 7.46 
2.60 2.86 

835.83 1822.21 
29.08 63.39 

6146.37 13008.70 
4.98 10.53 

- 
10.78 22.34 

I I 
-, . . . . . . . . 

^---,tern Wide 
Cost Per Event I I - 
Cost Per Peak kWh 7.79 16.15 

Converted to 2007$ by Pace Global 
Table 2: Customer Outage Cost Summary 
I I I Transmission or I 
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Attachment 3 -Source Data Page 12 of 13 

Reporl Title: 
Aulhor(s): 
Abstract: 

Published: Februaiy 1994 
Data Vinlage: 1991 
conversion from SC lo S U S 

A Canadian Cuslomer Survey lo  Assess Power System Reliability Wallh 
Toilefson. G Biliinton. R; Wacker. G; Chan. E and Aweya J 
Presents Ihe results a l  a Canadian eleclric ulilily cuslomer survey Analyzes the costs associated with 
outages for dilferenl lypes Of Commercial and induslrial users 

0 87288 source: w oanda corn 
Innation multiplier lor repor! data to 52007 14152 

Proprietary & CoriJidetrfial A-22 



E I Global Energy Services 

Attachment 3 - Source Qata 

Tollefson (1991) continued 

Page 13 of 13 

Converted to 20078 by Pace Global 
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Attachment 4 - Inflation Rates 

Table 1.1.4. Price Indexes for Gross Domestic Product 
[index numbers, 2000=100] 
LaLast Revised on September 27,2007 Next Release Date October 31,2007 

Page 1 of 1 

BEA Data Adjustment 
to 2007$ 

2.21 09 
2.021 5 
1.9052 
1.8328 
1.7665 
1.7143 
1.6771 
1.6328 
1.5788 
1.521 3 
1.4645 
1.41 52 
1.3834 
1.3523 
1.3242 
1.2976 
1.2735 
1.2527 
1.2389 
1.2213 
1.1953 
1.1672 
1.1472 
1.1233 
1.0919 
1.0577 
1.0254 
1.0000 

source: US. Bureau of Economic Analysis 

note: 2007 is Q I1 value 
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DATA ITEMS USED IN OPTIMAL MARGIN ANALYSIS 

Existing Svstem Data 

The Strategist"" computer program is used to model Louisville Gas and Electric Company (L.G&E) 
and Kentucky Utilities Company's (KU) generating systems. The model simulates the dispatch of 
both companies generating units and other purchases to serve load, and of Owensboro Municipal 
Utilities' (OMU) generating units and purcliases to serve OMU's load while simultaneously 
maintaining the KU/L.G&E reserve margin requirements. The remaining generation available from 
OMU's units after meeting their requirements is economically dispatched by tlie Companies. The 
following sections oritline the inforniation and the sources of the information used iii tlie programs to 
model the KIJ, L,G&E and OMU generating systems. 

A) General Data Items 

1 Base Year - 2007 

2 

3 Economic Assumptions 

Study Period - 2007 to 20.37 (with no end effects) 

Revenue requirements are determined on an annual basis and discounted to the 
base year giving a present worth of reveiiue requirements. Discounting is 
performed using a discount rate, which is assumed to remain constant for all 
years., 

4. Financial Parameters: 

a. Discount Rate: 
b. Capital/O&M costs Escalation Rates for Coal: 
c Capital/O&M costs Escalation Rates for Gas: 
d Combined Federal and State tax rate: 

7 85% 
I 9%/1.6% 
2 2%/1 6% 

39 55% 

5 .  Retirements 

This evaluation reflects the recent retirements of Waterside 7 & 8 (August 2006) 
and Tyrone I & 2 (February 2007), Tlie operating life of all other existing units 
is beyond the end of the study period. 

6. Unserved Energy Cost 

The cost placed on unserved energy is varied from the base value of $15/ltWb 
(2004 dollars) to $13 and $19/ltWh (no escalation is applied in the model). 

7.  L.oad Forecast - See Appendix B, Table la 
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Basc LG&E and KU: May I I ,  2007 Energy and Dcinand Forecast 
2007-2037 (Load Foiecasting) 

OMU: Developed Apiil 24, 2007 OMlJ forecast: 2007 through May 
2010 

High Load Forecast: See Appendix B, Table 1 b 
Forecasting and Marketing developed a High Demand and Eneigy forecast for 
KLIILGE in association with the May I 1,2007 Demand and Energy Forecast 

8 Houily Load File lised 

MaIlcct Forecasting provides L,G&E and KU typical hourly load files with 
each forecast they develop OMU typical hourly loads files are developed 
based on an OMU historical load shape 

9. KU/LG&E Unit Data 

a .  Installed/Existing Capacity - See Appendix B, Table 2 

b. Equivalent Forced Outage Rate - See Appendix B, Table 2 

System FOR target developed based 011 benchmark 
averages for the top quartile. FORs have been 
increased by iiiclusio~i of maintenance outage hours 
(MOHs) to better reflect actual unit availability. 
Modeled EFOR = FOR + MOR. 

c. Heat Rates - See Appendix B, Table 2 

d Fuel Cost - See Appendix B, Table 3 

e Maintenance Schedules - 

Maintenance inputs were determined by reviewing the 
Companies' projected maintenance as of Spring 2007. 
Planned outages are scheduled to optimize reseives and 
reliability over all nionths of each year. 

10 OMIJ IJnit Data 

a .  Installed Net Capacity 

OMU (Smith Unit 1): 1.36/14.3 (sun~medwinter) 

Page 24 Appendix B 
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OMU (Smith l ini t  2): 2591265 (stimnier/winter) 

b Equivalent Forced Outage Rate 

OMU (Smith Unit I ) :  1527% 
OMU (Smith Uni t  2): 16.64% 

c. Heat Rates (Full L.oad)- 

OMU (Smith Unit I ) :  10,620 BtuikWh 
OMU (Smith IJnit 2): 10,070 BttdltWh 

d .  Heat Content of Fuel: 10,700 Btuilb 

e. Maintenance Schedules - 

Planned outage inputs were developed with the 
assistance of OMU. 

f 

g 

Contracted MW Delnand Sale to KU - See Appendix B, Tablc 4 

Fuel Cost - See Appendix B, Table 5 

Fuel costs include associated costs for fuel handling 
and limestone 

11 OMU Scrubber O&M (Smith Units 1 & 2) 
1 

1 1 .  Removal Efficiency: 93 5% 
Variable O&M: L.iniestone cliarges included in fuel cost .. 

I I Other Purchases 
a Contract Demand - See Appendix B, Table 4 

OVEC (Firm): 174 MW 
5x1 6 On-Peak Market Purchase; Weekday On-Peak HIS, All Months 

(Non-Firm): 204 MW and 304 MW 

b. Forced Outage Rates 

OVEC: 0% partial FOR Energy schedule incorporates outages. 

5x I6 On-Peak Market Purchase: 5 0% 

c. Full Load Heat Rate (BtuikWIi) 

OVEC: 10,000 

Pnge 25 Appendix B 
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5x 16 On-Peak Market Purchase: I0.000 

For these transactions, which were modeled as purchase 
power units, the fuel price was input such that the fuel price 
tiines the lieat rate would result iii the expected energy cost of 
the purchase. A heat rate of 10,000 BtukWh is not meant to 
reflect the “real life” heat rate of the units associated with 
these transactions 

d .  Heat Conteiit of Fuel (Btu/lb) 

OVEC: NIA 
5x16 On-Peak Market Purchase: N/A 

e. FueliEnergy Cost 

See Appendix B, Table 5 
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LGE Forecast KU Forecast OMU Forecast 

I Peaks  and energy forecast reflect effects of interruptiblelCSR but not DSM. 1 

Year 
2007 
2008 
2009 
2010 

Page 21 

Peak (MW) Energy (GWh) Peak (MW) Energy (GWh) Peak  (MW) Energy (GWh) 
2,739 13,098 4,229 23,073 187 908 
2.789 13,321 4,306 23,513 187 909 
2,821 13,523 4,375 23,897 188 910 
2.869 13,695 4,435 24.254 

Appendix B 
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2014 
2015 
2016 
2017 
2018 

Table 1 b - 2008 Reserve Margin Appendix B 
High Forecast: Peak (MW) /Annual Energy (GWh) 

_, ._ . . .,_.. __, .. . I 
3.180 15,159 4,912 26,880 
3,233 15.402 4,998 27,350 
3,279 15.61 1 5,079 27,791 
3.327 15,832 5,155 28,209 
3,378 16,066 5,243 28,691 

I I LGEForecast KU Forecast I 

I Peaks and energy forecast reflect effects of inlemptibteiCSR but not DSM. I 
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CONFIDENTIAL INFORMATION 

I Installed Summer 
Avg Heat Rate 

EFOR % at Max Load 

: Margin 
.ch 2008 
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CONFIDENTIAL INFORMATION 

Table 3 - 2008 Reserve Margin Appendix B 
Louisville Gas and Electric/ Kentucky Utilities Fuel Costs ($/Mbtu) 

d I Ghanl I Canc Run I Mill Crack 1 Trirnblc 

Page 30 Appendix B 
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Table 4 - 2008 Reserve Margin Appendix B 
Kentucky UtilitieslLouisville Gas and Electric 

Purchases During Peak Month (MW) 

Page 3 I Appendix I3 



KU/L.GE 2008 IRP: Reserve Margin 
March 2008 

CONFIDENTIAL INFORMATION 

Table 5 - 2008 Reserve Margin Appendix B 
Modeled Energy Costs Associated with 

Purchase Alternatives ($/Mbtu) 

OMU I OVEC 1 5x16 Purchase 11 

Pnge 32 Appendix B 
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Executive Summary 
The purpose of this document is to update the 2004 SO2 Compliance strategy including 
the cost estimates of the flue gas desulfurization (“FGD” or “scrubber”) systems being 
built at Kentucky Utilities Company’s (“KU’s”) Ghent and E.W. Brown stations, along 
with both quantitative and qualitative explanations that support the changes in cost. A 
Certificate of Public Convenience and Necessity (“CPCN”) was granted and 
environmental cost recovery (“ECR’) treatment approved by the Kentucky Public 
Service Commission (“Commission”) on June 20, 2005 as Project KU-21 in Case No. 
2004-00426. However, since Commission approval, and despite tlie efforts of KLJ to 
control capital costs, the cost estimate of the KU FGD program at the Ghent and E.,W. 
Brown (“Brown”) stations has increased from $658.9 million to $1,182.4 million, 
primarily driven by market prices for materials, equipment and labor, a significant scope 
increase for the ductworlc routing of Brown units 1 and 2, and problems with the ID fans 
purchased for Ghent .3, Glient 4 and Brown .3. In addition, it has been determined that the 
optimal construction schedule at  Brown is one year longer than originally planned, with 
an in-service date in  2010. 

The changes in capital cost, combined with the changes in the forecasted prices of SO2 
allowances and fuel necessitate a re-evaluation of the Companies’ 2004 least-cost SO2 
compliance plan,. On December 22, 2006, the Commission approved in Case No. 2006- 
00493 an application for changes to the Ghent FGD CPCNs that also included an update 
to the Ghent FGD project’ in general and demonstrated that the addition of FGDs at 
Ghent continues to be the least-cost next step in environmental compliance. In April 
2007, the Commission was presented with a further program update that demonstrated 
that tlie plan to construct an FGD on Brown Units 1, 2 and 3 continued to be economical. 
The purpose of this review is to evaluate whether the continued construction of wet FGD 
systems on Ghent Units 1, 3 and 4 and Brown Units 1, 2 and 3 and the simultaneous 
switching of these units to high sulfur coal is the least-cost plan for continued 
environmental compliance. 

The scrubbing and fuel switching of the remaining units at Ghent and the construction of 
an FGD system at Brown in conjunction with purchasing SO2 allowances on an as- 
needed basis, remains the least-cost SO2 compliance plan. Though the addition of the 
FGD systems does not eliminate the need to purchase SO2 allowances, the installation of 
environmental controls significantly reduces the need to purchase SO2 allowances and is 
required for continued economical compliance with the SO2 emission reduction 
requirements of the Clean Air Act Amendments of 1990. Over the 20-year analysis 
period, completing KU’s FGD program should: 

’ h i  rlre h4nrter. of Application of KeiilircXy Utilities Coriipnry to riiodify certairi Cer r$cnte,s of Pirblic 
Coriiwieiice arid Necesrit)) 10 cori.str.ircf diichiiork for. hsofliie gns desir//ioizution irriits at the Gheritpniver. 
stnriori, Order dated December 22,2006, finding 4 at Page 4 - ’XU’S updated PVRR analysis demonstrates 
that constructing three new FGDs at the Ghent Station continues to be the most cost-effective means for 
KU to comply with the relevant emission limits imposed by the CAIR ” 
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u. s. 
I., Decrease the cost of SO? compliance by approximately $224 million in PVRR 

compared to not scrubbing Ghent 1 and by $99 million compared to not scrubbing 
the Brown units; 

2. Delay exhausting the Companies’ SO2 allowance bank until 2021 and reduce the 
allowance shortfall to approximately 173,000 tons through 2028; 

3 .  Increase fuel procurement flexibility; 
4., Position the Companies for the SO? reduction requirements associated with the 

CAIR and future regulations targeting fine particulates and mercury; and 
5. Increase typical midential customers’ bills (1000 kW1dmonth) by $2.17/month, 

which equates to a .3.5% increase in ECR billing factor above KU’s original 
estimate in Case No. 2004-00426. 

The Companies will continue to construct an FGD for Ghent 4 in 2008, for Ghent 1 in 
2009, and for Brown 1, 2 and 3 in 2010, while purchasing allowances on an as-needed 
basis and continuing the practice of environmental dispatching. The Companies will also 
evaluate additional environmental technologies for existing generating assets 

Page 4 of 37 



Background 
The Clean Air Act Amendments of 1990 (“CAAA”) sought to reduce the effects of acid 
deposition through a phased reduction in SO? and NO, emissions from 1980 levels in the 
48 contiguous states. Subsequently, the Clean Air Interstate Rule (“CAIR”) was finalized 
by the Environmental Protection Agency in March 2005. CAIR requires significant 
additional reductions/limits in phases for NO, and SO?. With regard to SO?, CAIR will 
reduce the allowable SO? emissions of Kentucky Utilities Company (“KU”) and 
L.ouisville Gas & Electric Company (“LG&E”), (collectively “the Companies”) by 
approximately 50% in 2010 and 65% in 2015. 

In order to comply with these regulations, the Companies have constructed flue gas 
desulfurization (“FGD) systems on many of the fleet’s coal-fired units (Ghent 1, 
Trimble County 1, Mill Creek 1-4 and Cane Run 4-6). By increasing the FGDs’ SO? 
removal efficiency wher,e economically feasible, LG&E is expected to meet CAAA 
Phase I1 requirements and provide a hank of SO? allowances. The Companies’ Joint 
planning process assumes that allowances hanlced by either utility can be utilized by 
either Company, thereby mitigating the combined Companies’ exposure to the volatile 
SO? allowance market. 

On December 20, 2004, the Companies filed with the Commission an application for a 
Certificate of Public Convenience and Necessity (“CPCN”) and environmental cost 
recovery (“ECR’) treatment for additional wet FGD systems on E.W. Brown (“Brown”) 
units 1, 2 and 3 and the remaining un-scrubbed units at Ghent. On .June 20, 2005, the 
Commission approved these prqjects under Project KU-2 1 in Case No. 2004-00426. 
Since that time, the Companies have proceeded with the construction of these projects. 
On November 16, 2006, the Companies filed an application for changes to the Ghent 
FGD CPCNs. That application, which also included an update on the Glient FGD prqject 
in general, was approved as Case No,, 2006-00493 on December 22, 2006. On April 26, 
2007, the Commission was presented with a further program update of market impacts on 
the program total projected cost that demonstrated that the plan to construct an FGD on 
Brown LJnits 1, 2 and 3 continued to be economical. The purpose of this document is to 
provide a further update on KU’s FGD program.. 

KU’s total program expenditures and commitments to date at the Ghent station are $522 
million of the total $682 million in capital, where commitments means KU has approved 
major purchase orders. The Ghent 3 FGD was placed into service in 2007 as planned and 
the Ghent limestone preparation facility is currently being commissioned as planned. 
The Ghent 4 FGD is nearing completion and will he commissioned in late spring 2008 as 
planned, and the Ghent 1 FGD is on schedule for the spring 2009 commissioning. The 
Ghent 1 FGD is the only construction activity that remains at risk of increasing costs due 
to market influences (Le., labor and consumable materials prices). Although all major 
equipment and large purchase orders have been awarded on Ghent 1, a significant amount 
of field construction remains to complete the FGD. 

KU’s total program expenditures and commitments to date at the Brown station are $182 
million of the total $500 million in capital, where commitments means KU has approved 
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major purchase orders. Recent photographs of this construction can be found in 
Appendix 1 Since 2004, several factors impacting the cost of the Brown FGD project 
have changed, as discussed in the following section. The goal of this revised evaluation is 
to identify the current least-cost plan, given tlie impact of these new factors 

Simificant Changes since 2004 Filing 
Since the 2004 SO2 Coinpliarice Strategy ,for Kentricky Utilities Cotripany and 
Loriisville Gas and Electric Cotripany was finalized and submitted to the Commission in 
Case No. 2004-00426, significant changes have occurred that have impacted the 
following lcey drivers of least-cost environmental evaluations. 

SO2 allowance marlcet 

FGD capital costs and the construction schedule for the FGD at Brown. 
. Fuel price forecasts 
= 

SO, Allowance Prices 
Previous testimony documented the change in expectations since the 2004 ECR 
Application regarding the higher cost of SO&lated cAIR compliance over the longer 
term. This expectation of higher SO2 emissions allowance costs supports a strategy of 
FGD construction rather than purchasing allowances from tlie allowance marlcet. 

The following graph highlights the change in SO2 allowance cost projections since the 
original ECR filing, as previously noted in the April 2007 update. Though the near-term 
price forecast has weakened slightly, the long-temi forecast remains high. This robust 
projection of longer-term SO2 allowance costs stems from a fuller understanding of the 
tong-run marginal cost of complying - through retrofitting existing generation capacity - 
with a tightening constraint on physical emissions. The following recent developments in 
construction and commodity markets have intensified the challenge of meeting reduction 
targets for emissions: 

Construction costs for building FGDs have increased, due in part to 
materials, labor, and contractor availability issues; 
Higher natural gas prices encourage continuing reliance on coal-fired 
generation, slowing the trend in physical reduction of emissions and 
thereby adding upward pressure to tlie SO2 allowance market; 
Similarly, plans for coal-fired generation capacity additions in excess of 
the level underlying the 2004 forecast add further upward pressure to the 
SO2 allowance marlcet; and 
Recent increases in the price-spread between low-sulfur and high-sulfur 
coals have created incentives to switch fuels, where operationally feasible, 
contributing to the challenge of reducing emissions and supporting higher 
prices for SO2 allowances,, 

2 

See Case No 2006-00493, Testimony ol  Jolin P Malloy (page 11, beginning line 6) 
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Forecasted SO2 Emissions Allowance Prices 

. . . . ~ ~ . ~  ~ ~ . . .  . .  1,400 ~~-~~ 

1,300 i ~~ . - ~ 

1,500 

..... ~ . ~ .  . . ~  

- - 1 2004 ECR Filing --C April 2007 Update -&- March 2008 Update 

High and Low Sulfur Coal Prices 
The most recent coal forecast for deliveries to the Glient Station continues to show that 
high sulfur coal will be delivered at a significaiit discount to low sulfur coal. As shown in 
the figure below, a comparison of the current forecast to the forecast used in tlie October 
2006 Update shows that the low/high sulfur fuel price gap has remained generally 
unchanged. When compared to the fuel price gap used in the 2004 ECR Filing (Case No 
2004-00426), the price gap has increased in the near term as a function of current market 
conditions and in the long term as a result of an expected depletion of low sulfur easteni 
compliance coal in Central Appalachia This coinparison also reflects a belief that this 
gap will decrease through 2013 as mote FGDs are installed and some low sulfur coal 
demand shifts to high sulfur. 
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Fuel Price Gap Between Low and High Sulfur Coal at Ghent 

0 

20 u-’ 

I60 

.~ . . .  . . . . . . . .  . .  -~ 

.. 2004 ECR Filing --t Oct. 2006 Update -e- March 2008 Update 

In the April 2007 update, the near-term forecasted price for Eastern Kentucky low sulfur 
coal, which is currently burned at Brown, was shown to have increased relative to the 
forecast that was used in the 2004 ECR Filing (Case No 2004-00426). This increase 
resulted in a significant increase in savings for 2009-2012 of 10-20 cents/mmBtu, when 
switching from low sulfur fuel to high sulfur coal. Due to recent transportation cost 
increases for low sulfur coal and decreases for high sulfur coal, the forecasted iow/high 
sulfur fuel price gap and the resulting increase in savings is currently forecasted to 
continue through the study period as demonstrated in  the following graph 
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Fuel Price Gap Between Low and High Sulfur Coal at Brown 

70 .................................................. . 
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.. 2004 ECR Filing t- April 2007 Update --b March 2008 Update 
At both the Ghent and Brown stations, the increases in the forecasted low/higli sulfur h e 1  
price gaps continue to make physical compliance with CAAA and CAIR a more 
economic alternative than financial compliance through reliance 011 the allowance 
market. As the fuel price spread increases, fuel savings associated with scrubbing 
increase, which reduces the overall cost of compliance. As a result tlie Companies' 
customers receive the benefit of relatively lower fuel prices through the calculation of the 
monthly Fuel Adjustment Clause. 

Cauital Costs 
Since Commission approval, and despite the efforts of KU to control capital costs during 
an unprecedented construction market, the cost estimate of the KU FGD program at tlie 
Ghent and Brown stations has increased from $658.9 million to $1,182.4 million. This 
increase is primarily driven by the extraordinary escalation of market prices during 2006 
and 2007 for materials, equipment and labor. In addition to market influences, scope 
refinements have been required to account for geological conditions and vendor 
equipment issues unforeseen in the original project planning. The subsections below 
describe the significant market and scope drivers for Ghent and Brown. 

Ghent 
The original estimate performed in early 2004 to construct three wet FGDs on Ghent 
Units 1, 3 and 4 was $425 million. By October 2006, market impacts from 
unprecedented escalation of labor, equipment and material costs in the construction 
industry worldwide, as well as furthering of engineering on scope finalization had 
increased the projected costs to $525 million. 
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In April of 2007, the estimated cost to complete the Ghent project had increased to $569 
million to capture the cost impacts of revised forecasts from project contractors. The 
contractor forecasts had been adjusted to reflect actual expenditures to date, change 
orders received, and revised forecasted trend to final costs that incorporated then-current 
market prices and labor retention incentives. 

In addition to the increases in labor, equipment and material costs described above, the 
estimated completion cost for the Ghent project is being impacted by issues associated 
with the installation of the Flakt Woods’ Induced Draft ( “ I D )  Fans on Ghent 3.  Ghent 
.3’s ID fans have experienced substantial failures since being placed into service in 2007,, 
Identical fans have been purchased for Ghent 4 and Brown 3 from Flakt Woods. 
Resolution of these fan issues is described in detail later in this paper; however, current 
projections of impacts to the Ghent budget are estimated at $30 million. 

In summary, the cost impacts from market impacts, ID fan problems and final scope 
determinations are: 

IDFans 
Market Impacts (Labor, Material, Equipment) 

Scope Refinements (Limestone System/Balance of Plant) 

$109m 
$30m 

$221m 

The current estimate for the Ghent FGD program is $682 million. 

Approximately 68% of the Ghent Program dollars have been spent to date. Unit .3’s FGD 
was placed into service in 2007, while the Ghent Lhestone Preparation Facility will be 
completed by April 2008 and Unit 4’s FGD commissioned in .June 2008. The Unit 1 
foundation is complete, absorber tower and chimney erection is in progress, and all major 
equipment contracts and subcontracts have been awarded. Therefore, the remaining risks 
lie in the potentially greater escalation in the costs of construction labor, materials used 
during construction (excluding major purchase orders), consumahles and rental 
equipment as compared to the escalation rates used in the estimate. 

Ghent ID Fan Issues - In October 2006, the purchase order for the ID fans to be used at 
Ghent 3 ,  Ghent 4 and Brown 3 was issued to a Swedish vendor, Flakt Woods. The fans 
were installed on Ghent .3 in May 2007. Problems such as motor oil leaks and motor 
bearing issues were experienced in June 2007. These issues were quickly followed by 
blades sticking, ID fan bearing failure, and galling of the main blade drive shaft. To date, 
the fans on Ghent 3 have caused numerous outages and de-rate incidents. The fans 
continue to be unreliable and continuing problems are anticipated going forward. 
Though the Company’s prefezence for long-term resolution is to resolve the bearing 
failures, a realistic forecast includes the need to replace the Flakt Woods fans with new 
fans. Implementation of either option will impact project costs. 

As a result of lessons learned on Ghent LJnit 3’s ID fans, KIJ re-hid replacement fans for 
Glient 3, Glient 4 and Brown 3 .  The short-term resolution for Ghent 4 to avoid the 
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unreliability of the Flakt Woods fans is to use the existing ID Fans for tlie FGD start-up 
in 2008. Unit 4 will experience a 5 1 0 %  de-rate at maximum capacity as a result ofusing 
the existing lower capacity fans; however, unit reliability will be maintained and fuel 
savings and allowance bank preservation will approach planning levels as the FGD goes 
in service,. The derate will only occur when tlie unit is required to generate within 5%- 
10% of its maximum capacity. 

Long-term options for the Ghent 3 ID fans include resolving the bearing failure issues 
and implementing those solutions on the Unit 4 fans, or replacing the Ghent 3 fans with 
new fans. The current forecasted cost to completely resolve the ID fan issues includes 
$30 million to replace tlie existing Flakt Woods fans with fans from other vendors. 

Brown 
The original November 2004 estimated cost for tlie Brown FGD Program was $2.35 
million. This estimate was increased to $359 million in April 2007 primarily due to 
increases on ductwork, market impact for materials and labor and changes to the 
limestone system. 

Current estimates for tlie Brown FGD total $500 million. Primary drivers in tlie cost 
increases remain material, equipment and labor cost escalations, as well as finalization of 
scope and resolution to the ID fan issues on Brown 3. 

In summary, the cost impacts from market impacts, ID fan problems and final scope 
determinations are: 

Market Impacts (Labor, Material, Equipment) $116m 
Ductwork and ID Fans $74m 

$244m 
Scope Refinements (Limestone System/Balance of Plant) e 

Currently the Brown FGD Program has $182 million committed or 36% of tlie estimated 
total cost of $500 million. Tlie FGD portion of tlie project is 37% committed with tlie 
FGD foundations, technology and module under construction and awarded through lump 
sum contracts. Tlie balance of plant scope is 95% committed and nearly completed, 
including tlie completion of tlie warehouse, training building and fire suppression system. 
The limestone system is 24% committed and includes use of the original Ghent limestone 
equipment to control overall impacts to the Brown cost. The majority of major 
equipment has been committed for all scopes listed above. The most significant risks 
continue to be escalation of construction labor, materials used during construction 
(excluding major purchase orders), consuniables and rental equipment beyond those 
estimated. The contractor has included in tlie current estimate $33 million in contingency 
to account for potential escalations. 

Brown’s Schedule Change - The Brown FGD was originally expected to he placed in 
service in 2009, with a tie-in to Unit .3 in tlie spring of 2009 and to Units 1 and 2 during 
the fall of 2009. The Brown FGD is now expected to be in service in 2010, with a IJnit 3 
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tie-in during the spring of 2010 and a tie-in to LJnits 1 and 2 during the fall of 2010. 
Contributing factors to this altered schedule are the contractor’s revised labor estimate 
and the receipt of ID fan delivery lead times quoted in the ID fan replacement bids. Lead 
times in the Brown ID fan bids indicated 60 weeks from the date of order, making the 
original in-service date impossible. This one-year extension will allow the Company 
greater flexibility to optimize the construction plans, as well as to implement alternative 
contracting plans where feasible. 

Brown Station’s IJnique Characteristics - A significant driver in Brown’s overall cost is 
the unique features at Brown that are significantly different from the Ghent FGD projects 
as well as most other FGD projects throughout the United States., 

Absorber - Having multiple boiler units at the Brown Station served by a single 
FGD absorber module necessitates having a larger absorber vessel and equipment 
for associated systems, as compared to those for the single Ghent units. The 
incr,eased cross-sectional area of the larger absorber drives an increase in the 
quantities of mist eliminator panels, mist eliminator wash nozzles and piping, 
recycle nozzles and piping and in heavier support structure for those components. 
The Brown FGD also has an additional recycle spray header level and associated 
equipment to scrub the additional units. 

Duct - The Brown Units are confined on three sides by existing roads, railroads, 
fuel yard, cooling towers and associated piping, and overhead electrical lines. 
Due to the lack of available space, the FGD was located on the open side, next to 
Unit 3., This location was the only viable location; however, it required a long 
duct run from Brown 1 and 2. The additional ducting results in additional costs 
for expansion joints, support structure, foundations, and insulation and lagging. 
This additional cost is magnified by the fact that Brown 1 and 2 are arranged 
inverted to 1Jnit 3 ,  thus requiring longer duct length. Additional cost beyond a 
single FGD unit is caused by additional dampers and controls, which are 
necessary to isolate each unit to optimize Station operations. 

Site Topography and Geology - In order to make room for the FGD, the existing 
training building and warehouses in the area had to be demolished and replaced. 
Then, the area available for the FGD and limestone systems required extensive 
blasting and excavation to level the limestone hillside. Upon completion of the 
blasting and excavation, Karst features that were lcnown to exist were investigated 
and final scoping of the excavation, geology remediation and foundation designs 
were finalized. This final scoping was not possible until final FGD sizing, 
location and excavation were completed. 

Terrain - The Brown terrain results in more difficult excavation and increased 
excavation quantities. The shallow limestone rock requires blasting for deep 
foundation excavations, as well as frequent hoe-ramming or rock trenching for 
shallow excavations. The terrain and rocky soil conditions result in high unit 
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rates for underground utilities, foundations, as well as the electrical grounding 
grid when compared to similar scopes at Ghent. 

Balance of Plant (BOP) - The laclc of existing capacity for utilities such as service 
water, fire protection systems, compressed air and quench water cause the project 
to have to upgrade existing systems or install new utility systems Final impacts 
to the balance of plant systems are now known In addition to these balance of 
plant scopes, the handling and dewatering of the gypsum, produced as an FGD 
process byproduct, will be a new system at Brown where Gltent’s existing system 
required only modifications. 

Economic Analysis 
The June 2005 Order3 issued by the Commission approving both the CCN and ECR cost 
recovery of the proposed FGD projects at the Companies’ Ghent and Brown stations was 
based on supporting analytics that the FGDs represented the most reasonable least-cost 
plan for continued environmental compliance. A revised present value revenue 
requiren~ents (“PVRR”) evaluation of the economics of constructing FGDs at Ghent and 
Brown has been completed with the previously mentioned changes regarding fuel prices, 
project timing, and capital costs. The purpose of this updated evaluation is to identify the 
current least-cost plan, given the revised forecasts. To do so, individual alternatives were 
compared to the Base Case wbich represents the Companies’ current plan to complete 
two FGDs at Ghent and build one FGD for all three Brown units (in-service in 2010). In 
all cases, only a wet FGD with a 98% SO2 removal efficiency is considered. 

The Cases were evaluated using the PROSYMTM detailed hourly production costing 
computer model and the Strategist Capital Expenditure and Recovery module. Used 
together, these tools have the capability to simulate the hourly production costs (e.g., fuel, 
fixed and variable operation and maintenance, and emissions costs) and to quantify the 
revenue requirements impact associated wit11 each capital project. Appendix 2 contains 
economic and forward-looking assumptions used in this analysis. Each alternative was 
independently evaluated within PROSYMTM using the Companies’ base price forecasts 
for fuel and SO2 and NO, allowances and the estimates for capital construction costs as 
previously discussed. 

The total PVRR for each Case has been categorized into four areas: 
1. Production Costs represent the revenue requirements associated with fuel, fixed 

and variable operation and maintenance expenses and purchased power expenses. 
2. NO, Allowances represents the revenue requirements associated with the use of 

any NO, allowances less the sale of excess NO, allowances. Note that NO, 

In lhe Matter Of: Tlie Applicatioii of Keiitacky Utililies Coriipaiiv fur a Certificate of Public Cur?tw?ieiice 
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emission levels are quantified because the retrofitting of an SO2 control 
technology impacts how that unit is dispatched, which in turn, affects NO, 
tonnage emissions. 

.3. a Allowances represents the revenue requirements associated with the use of 
any SO2 allowances less the sale of excess SO? allowances. 

4. Incremental CaDital Costs represents the revenue requirements associated with 
any capital expendihires for the Case less the revenue requirements associated 
with any sunk capital costs. 

The value of SO2 and NO, allowances used are calculated as the net annual difference 
between the Companies’ allocated and used allowances at the respective marlcet prices, 
thereby including the economic value of using banked allowances. It is assumed that 
unlimited allowances are available from the marlcet at the forecasted allowance price. 

Ghent Evaluation 
In order to identif;, the least-cost compliance strategy at Ghent, the Base Case was 
compared to a “Wiihout Ghent 1 FGD Case” in which tlie FGD at Ghent 4 is completed 
as scheduled in May 2008 and the FGD at Ghent 1 is not completed. No further 
construction is assumed to talce place and curient contractual commitments are filly 
satisfied, resulting in a nominal capital expenditure savings of $52.2 million. The Brown 
FGD is assumed to be completed in both cases. 

SO2 Compliance Strategies Evaluated for Ghent 
Ghent FGD 

Capital 
- Case Construct FGDs s t  Cost’ ($M) 
Base Case Ghent 1,3,4 $682,5 
Without Ghent 1 FGD Ghent 3,4 only $630 3 

’ Toral FGD Copiral Co,sl,r are IIE s~~~~~ o/omuol (noniir~nl dollnr,sl 
coiz,m rrcriou ermwdirtrres 

The Ghent Case Summary table below summarizes the four main cost categories and 
compares the resulting PVRR of tlie “Without Ghent 1 FGD Case” to that of the Base 
Case. The table is a summary of the annual data contained in Appendices 3 and 4. 
Appendix 3 presents the annual results of each Case compared to the Base Case while 
Appendix 4 details the SO? emissions associated with each Case. 
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As can he observed in the table above, the approved current plan (Base Case) to build an 
FGD on Ghent 1 with an in-service date of 2009 (in addition to completing the FGD on 
Ghent 4 in May 2008) remains the least-cost option at Ghent by a sizeable margin This 
plan results in a PVRR that is $224 million lower than the "Without Ghent 1 FGD" 
option. Though the "Without Ghent 1 FGD Case" requires less capital, the savings are 
not sufficient to offset the resulting increased production and SO2 allowance costs. 

Beginning in 2000, it became necessary for the Companies to begin using banked SO1 
allowances for compliance. As the figure below shows, the Companies' combined 
banked SO2 allowances, once in excess of 297,000 tons (during 1999) had declined to 
just over 147,000 tons by year-end 2007. The number of banked credits for the Base Case 
is projected to be fully depleted before the end of 2021. The Base Case delays the need to 
purchase SO1 allowances by five years compared to cancelling the Ghent 1 FGD, which 
requires an additional 304,000 tons over the study period. 

E. .................................................... '.- ...... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a.. .. b 

m m. 
.......................................................... 

SO2 Allowance Bank 
(Combined Company) 

-Historical .. E-. Basecase-GI31 FGD-2009,BRFGD-2010 
E Without GHl FGD (with BRFGD-XHO) 

Brown Evaluation 
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In order to identify tlie least-cost compliance strategy at Brown, the Base Case which 
includes building one FGD for all three Brown units with an in-service date in 2010, was 
compared to a one-year delay scenario (in-service in 2011). In addition, a "Without 
Brown FGD" Case was included in which tlie FGD would not be completed at the Brown 
station and no further construction would take place, although tlie Company would 
satisfy current contractual commitments at an estimated capital expenditure of $1 74 
million, plus $120 2 million for tlie ash pond. The Ghent FGDs are assumed to be 
completed in all cases. The table below summarizes tlie three SO2 compliance strategies 
at Brown that were evaluated in this update. 

SO, Compliance Strategies Evaluated for Brown 
Brown FGD 

In- Service Capital Ash Pond 
Date Cost' ($M) Cost' ($M) - Cese Construct FGD at 

Base Case Brown Units 1,2,3 2010 $499.9 $153.0 
Delay Case Brown Units 1,2,3 201 1 $533 5 S156.2 
Without Brown FGD None (Purch. Allowances) n/a $174,0 $1202 
I Toid FGD Capirol Cr~srs nrrd A s h  Pmrd Corrv m c  ihe s w n  o/ome,ol (,iorainul dollo!$ 

- 

c o w ,  uciiori cppurrdirrmr 

The Brown Case Summary table below summarizes the primary cost categories and 
compares the resulting PVRR of each Case to that of tlie Base Case. The table is a 
summary of the annual data contained in Appendices 3 and 4., Appendix 3 presents the 
annual results of each Case compared to the Base Case while Appendix 4 details tlie SO2 
emissions associated witli each Case. 

As can be observed in the table above, tlie current plan (Base Case) to build an FGD on 
Brown Units 1, 2 and 3 for an in-service date of 2010 is tlie least-cost option and results 
in a PVRR that is $58 million lower than the second least-cost option of completing the 
FGD in 201 1 Though the "Without Brown FGD' Case requires less capital, tlie savings 
are not sufficient to offset tlie resulting increased production and SO2 allowance costs, 
resulting in a PVRR that is $99 million higher than tlie Base Case 

As shown in tlie figure below, the Base Case delays tlie need to purchase SO2 allowances 
by two years compared to tlie second least-cost Case (Delay Case - Brown FGD in 201 1) 
which requires an additional 56,000 tons over the study period. The "Without Brown 
FGD' Case necessitates purchasing SO2 allowances starting in 2012 and significantly 
increases SO2 -allowance market exposure by requiring 1 2  million total tons to be 
purchased over tlie next twenty years. 
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Discussion of Base Results 
Each of the FGD build alternatives allows the postponement of the Companies’ initial 
SO2 allowance purchases. However, no alternatives allow for all of the SO2 allowances 
required to comply over the twenty-year study period to be provided without purchasing 
allowances from the SO2 allowance market With the Base Case, exposure to the volatile 
SO2 market is mitigated, but the market is still relied on for approximately 173,000 tons 
to supply the allowance shortfall over the period The figure below illustrates the 
difference between the Companies’ projected annual Base Case SO2 emissions and the 
Companies’ anticipated annual allowable emission level The difference between SO:! 
emissions and allowance allocations is currently being covered by banked allowances. 
The implementation of Phase I1 of CAIR significantly widens the gap between the 
allowable emission level and forecast emissions. Though the annual allocation of SO2 
allowances does not change with the implementation of Phase I and Phase I1 of CAIR, 
allowed emission levels in tons are reduced dramatically This is because the CAIR 
requires, beginning in 2010 (Phase I), that each ton of emitted SO2 be matched with two 
allocated or purchased SO2 allowances The implementation of Phase I1 of the CAIR 
fixther limits allowed emissions by requiring that each ton of emitted SO2 be matched 
with three allocated or purchased SO2 allowances 
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Least-Cost Plan and SOz Compliance Strategy 
Completing wet FGDs on Ghent 4 in 2008 and on Ghent 1 in 2009 in addition to a wet 
FGD system for Brown 1, 2, and 3 for service starting in 2010 is the current least-cost 
Case. Since the original filing, significant increases in the project’s capital costs and a 
one-year long construction schedule at Brown have been partially offset by increases in  
SO? allowance price forecasts and the near-term price gap between high and low sulfur 
coal. 

Without scrubbing at Brown, the Companies face a significant SO? allowance shortfall of 
over 1.2 million tons through 2028,, Not scrubbing at Ghent 1 exposes the Companies to a 
shortfall of 475,000 SO2 tons. Though the Base Case allows the shortfall of allowances to 
be economically mitigated, future allowance purchases of 173,000 tons are still expected. 

Scrubbing and fuel switching of the remaining units at Ghent and the units at Brown, in 
conjunction with purchasing SO2 allowances on an as-needed basis, is the least-cost SO? 
compliance plan with the following impacts projected over the 20 year analysis period: 

1. Decreases the cost of SO? compliance by approximately $224 million in PVRX 
compared to not scrubbing Glient 1 and by $99 million compared to not scrubbing 
the Brown units; 

2. Delays the depletion of the Companies’ SO2 allowance hank until 2021 and 
reduces the allowance shortfall to approximately 173,000 tons through 2028 

3 .  Increases fuel procurement flexibility; 
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4. Positions the Companies for the SO2 reduction requirements associated with the 
CAIR and future regulations targeting fine particulates and mercury; and 

5. Increases typical residential customers’ bills (1000 Itwldmonth) by $2.1 7/month, 
which equates to a 3.5% increase in ECR billing factor above KU’s original 
estimate in Case No. 2004-00426. 

Overall, nothing has occurred that has changed tlie Companies’ strategic decision to build 
FGDs in order to comply with SO2 regulations. Therefore, the Companies plan to move 
forward with tlie implementation of tile Base Case: (1) to construct an FGD for Ghent 4 
in 2008, for Ghent 1 in 2009, and for Brown 1, 2, and 3 in 2010; (2) to purchase 
allowances on an as-needed basis; and (3) to continue the practice of environmental 
dispatching. Additionally, the Companies will evaluate additional environmental 
technologies for existing generating assets. 
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The picture above, of the Brown construction, (dated 3/14/2008) shows the main FGD 
foundation with the recycle pumps sitting under the partially erected steel structure next 
to the absorber. The absorber area sump is located in the photo immediately to the left of 
the absorber. The partially erected steel structure will provide support and access for the 
piping that will be installed in the area above the recycle pumps. The chimney can be 
seen in the upper center of the photo and the limestone preparation building will be built 
on the rectangular foundation that can seen in the middle right of the photo. 
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The picture above (dated 3/12/2008) shows a closer view of the FGD area fioni a 
different angle. In the background behind the steel structure, the edge of the excavated 
area indicates the amount of soil that was removed and the amount of rock that was 
blasted and excavated to prepare the site for the FGD construction 
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The picture above (dated 3/12/2008) shows the fire protection/quench water tank aiid 
pump enclosure. The tank will be a dual purpose tank that will hold and supply water for 
the fire protection system for the new items being installed as part of the FGD Project aiid 
will supply water for the quench water system that will quench the flue gas in  case of a 
process upset where recycle pump flow is lost. Without quenching of the flue gas, the 
FRP mist eliminator panels would be overheated and damaged. 
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The above photo (dated 3/12/2008) shows the balance-of-plant work that has been done 
to install new electrical manholes and underground ductbanlcs for the conduits to contain 
power, controls and communications cables between the existing plant and the new FGD 
items in addition to new fire hydrants and new underground fire protection piping that 
have been installed 
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The above photo (dated 3/12/2008) shows the new warehouse 
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u. s. 
Base Case: Scrub Ghent consistent with the Commission’s Order in Case No. 

2004-00426 Scrub Brown with an in-service date in 2010. 

Study Period: 20-year period for Production Cost impacts (2008-2028) 
30-year period for Capital Costs impacts (2008 through book life 
of project). 

The production costs include items such as fuel, O&M and purchase power and are estimaled 
using 0ie PROSYM production model. This model was run for the 2008-2028 lime period. 

The revenue requirements associated with capital costs are determined via the Capital 
Expenditure and Recovery module of the Strategist production and capital costing software. 
Capital projects with a 20 year book/tax life and an in-service date after 2008 would have the last 
years of their life excluded from the revenue requirement calculation il capital costs impacts were 
halted at 2028. Doing so would have the eKect of underestimating the capital cost of alternatives 
and would favor construction of new projects. Therefore, to completely account for capital 
projects costs over their lifetime, the revenue requirements associated with new capital projects 
were extended through the end o[ their book life. 

KU/L.GE continues as a regulated entity subject to tlie oversight of the Kentucky 
Public Service Commission and the Commission continues to require the Companies 
to implement the least reasonable-cost strategy to the benefit of the native load 
customers. 

Capital costs, O&M costs, and the costs of increased emissions (both NO, and SOz) 
associated with the addition of new environmental projects will be subject to recovery 
through the Environmental Cost Recovery mechanism. 

Financial Data 
D Discount Rate (%): 
D 
D AFUDC Rate (%): 
9 Insurance Rate (%): 
D Properly Tax Rate (“A): 
D Percentage olDeht in Capital Structure (%): 
b Debt Interest RateiWeighled Cost of Debt (%): 
P Desired Return on Rate base (“A): 
D Capitalized lnterest Debt Rate (“h): 
P Environmental Projects Book Life (years): 
P Environmental Projects Tax Life (years): 
i Annual Fixed O&M escalation rate (%): 
D Annual Variable O&M escalation rate (%): 

Federal Income Tax Rate (%) 
8.0.2 % 
38.9 % 
8.02 % 
0.07 % 
0.15 Yo 
44.05 % 
4.88% 
8.02% 
4.88% 
20 years 
20 years 

1.6% 
1.6% (ptora~ed for mid-year inrcalls) 

No unit retirements occur on the Companies’ generating system within tlie study 
period. 
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U. s. 
SO1 Emission Costs (Base Assumption) 

Note that the effects of CAIR are reflected in the forecasted price of SO1 emissions 
allowances 

Forecasted SO, Emissions Allowance Prices 

2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 

457 1,500 
1.400 . . . . . . . . . . . . .  ~. ~ 455 

624 
480 8.300 . . . . . . . . . . . .  

1,200 . . . . . . . . . . . . . .  

, ,  

.~~~ 
. . . . . . . . .  
. . . . . . .  . . . . . . .  

. . ~ ~ . ~ .  1160 

1282 
1343 

5 9 ,  ;? F, ;? E = - - - - - 1426 I. ii ii ii ii ii E E il E E ii ,, ,, * 
1449 
1472 

400 ................................................. 

3110 
7 jj , 1404 , s n = s - s r s - E - E r ~ s z g a G B  

Fuel Forecast (Base Assumptions) - Confidential information redacted 
o Fuel cost savings associated with serving native load will be returned to the 

ratepayer tliough the Fuel Adjustment Clause mechanism. 
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