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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 in 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 Low 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 on
electricity sales. Please see section 6 (Load 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 Aggressive Green Scenario 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 1RP filing.

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 of the forecast. Please see section 6 for a
complete discussion of those changes.

LG&E/KU should centinue 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 of the forecast. Please see section 6.(1) for
a complete discussion of those changes.

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



LG&E/KU continue to provide present value of revenue requirements as required in
Section 9 of the IRP. The Compamies consistently seeks to provide reliable service in
a least cost and reasonable manner. lncreases in operating expenses and capital
expenditures could cause the Companies 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 the 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 | Economic 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 Il Economic Evaluation, where fully developed programs are evaluated
results of all five of the California tests were calculated.

In their next IRP filing, consistent with the Commission’s findings in
Administrative Case No. 2005-000090, LG&E/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.

The Companies initially evaluated 80 potential DSM initiatives. The qualitative
analysis screened the number down to 28 initiatives for guantitative analysis. The
Companies felt that increasing research and evaluation efforts on initiatives that
passed the qualitative screening would yield greater opportunities than placing
additional emphasis on initiatives that didn’t pass the qualitative screening. A
consultant was retained to assist the Companies 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.

The Companies are unaware of any DSM technologies specifically geared to low
income customers. The Companies have addressed low income needs through
proposed enhancements to the existing low income weatherization program currently
pending before the Commission in Case No. 2007-00319,

I any DSM technology applicable to commercial customers passes the
qualitative and quantitative screening, LG&E/KU should approach those

b



customers to determine if there is an interest in pursuing the programs. It may
be beneficial for LG&E/KU to contact commercial customers engaged in new
construction rather than those involved in removations or 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 account 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 rebate/incentive in nature reflecting frequent requests from commercial
customers,

Supply-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 in 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 Bluegrass Unit I for 165 MW of power
during the months 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 Optimization

Given the future implications of the CAIR, LG&E/KU should include a
sensitivity analysis in the next IRP based on the possible retirement of a level of
capacity much larger than the 180 MW 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 Optimal
Expansion Plan Analysis (March 2008) in Volume 111, Technical Appendix.



Since the filing of this IRP, LG&E/KU have provided information in other
proceedings concerning the status of KU’s purchase power agreement with
OMU. In the next IRP, LG&E/KU should include a detailed report on the status
of this purchase power agreement.

The status report on the purchase power agreement with OMU is provided in Section
6 of this IRP under the subsection titled OMU.

In the next IRP filing, consistent with the Commission’s findings in
Administrative Case No. 2005-0090, LG&E/KU 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 the 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, geothermal, 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 Analvsis of Supply-Side Technology
Alternatives (lanuary 2008) contained in Volume HI, Technical Appendix.
Moreover, “Aggressive Green” scenario, a Renewable Portfolio Standard was
considered. Further description of the “Aggressive Green” scenario is provided in the
report titled Aggressive Green Scenario in Volume 111, Technical Appendix.

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

LG&E/KU units which have retired since the last IRP are discussed in Section 6 of
this IRP with references to the feasibility studies already supplied to the KPSC.

In the next IRP, LG&E/KU should ensure that their planning adequately
reflects the impact of future CO; emission restrictions.

The IRP is subject to existing regulations, and as such, there are no existing CO»
emission restriction regulations. Regardless, the Companies did perform sensitivity
on the optimal plan for CO, and low emission allocations. This is covered in further
detail in the 2008 Optimal Expansion Plan Analysis (March 2008) in Volume Il],
Technical Appendix.






Aggressive Green Scenario



Overview

The topic of energy efficiency has received more attention in the media in recent years as
concerns regarding global climate change have risen. 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 CO;
regulations. The extent to which these standards will be 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:



Key Assumptions

e Consumers purchase the most efficient appliances at normal replacement intervals
regardless of cost.

e Kentucky adopts mandatory RPS of 15 percent by year 2020.

e [Existing coal units must be retired after 50 year life beginning in 2015.

Key Observations
e Growth in companies’ peak demand is reduced from 1.4 percent to 0.6 percent.

e Mandate to retire 50-year old coal plants would require the companies to retire
nearly 1,800 MW of coal-fired capacity by 2022.

e 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 2012. 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 1s 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 2012 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.



Table 1

LG&E Energy Requirements Forecasts (GWh)

Aggressive
Year Base IRP High Low Green
2008 13,321 13,559 13,081 13,090
2009 13,514 13,832 13,190 13,070
2010 13,682 14,049 13,305 13,031
2011 13,900 14,317 13,460 12,985
2012 14,099 14,578 13,612 12,962
2013 14,280 14,819 13,745 13,043
2014 14,430 15,018 13,846 13,128
2015 14,524 15,163 13,896 13,196
2016 14,640 15,309 13,980 13,275
2017 14,791 15,497 14,091 13,353
2018 14,975 15,722 14,241 13,451
2019 15,158 15,938 14,398 13,544
2020 15,362 16,180 14,568 13,648
2021 15,543 16,398 14,727 13,734
2022 15,737 16,628 14,892 13,829
Table 2
KU Energy Requirements Forecasts (GWh)
Aggressive
Year Base IRP High Low Green
2008 23,514 24,065 22,956 23,156
2009 23,889 24,592 23,179 23,105
2010 24,239 25,070 23,414 22,997
2011 24,631 25,566 23,697 22,927
2012 24,981 26,040 23,904 22,898
2013 25,255 26,384 24,109 23,009
2014 25,497 26,714 24,260 23,134
2015 25,774 27,066 24,455 23,219
2016 26,055 27,430 24,675 23,335
2017 26,362 27,810 24914 23,426
2018 26,749 28,281 25,223 23,553
2019 27,112 28,727 25,537 23,660
2020 27,552 29,271 25,872 23,791
2021 27,906 29,695 26,140 23,889
2022 28,300 30,150 26,446 24,000




Table 3
LGE Peak Demand Forecasts (MW)

Aggressive
Year Base IRP High Low Green
2008 2,789 2,839 2,739 2,738
2009 2,817 2,883 2,749 2,770
2010 2,862 2,939 2,783 2,795
2011 2,908 2,996 2,816 2,804
2012 2,952 3,053 2,850 2,829
2013 2,995 3,109 2,883 2,840
2014 3,038 3,161 2,915 2,883
2015 3,075 3,209 2,944 2,905
2016 3,113 3,253 2,974 2,907
2017 3,152 3,300 3,005 2,944
2018 3,194 3,351 3,039 2,978
2019 3,236 3,400 3,076 2,982
2020 3,282 3,454 3,115 3,024
2021 3,324 3,503 3,152 3,062
2022 3,368 3,556 3,190 3,067

Graph 1
LG&E Peak Demand Forecasts
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Table 4
KU Peak Demand Forecasts (MW)

Aggressive
Year Base IRP High Low Green
2008 4,306 4,407 4,204 4,295
2009 4,371 4,500 4,241 4,325
2010 4,428 4,580 4,277 4,331
2011 4,496 4,667 4,325 4,342
2012 4,560 4,753 4,363 4,343
2013 4,615 4,821 4,405 4,386
2014 4,669 4,892 4,443 4,416
2015 4,736 4,972 4,495 4,440
2016 4,799 5,051 4,547 4,450
2017 4,861 5,125 4,596 4,487
2018 4,933 5,213 4,654 4,461
2019 5,001 5,296 4,713 4,538
2020 5,082 5,396 4,775 4,553
2021 5,149 5,476 4,826 4,599
2022 5,223 5,561 4,884 4,618
Graph 2
KU Peak Demand Forecasts
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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 Optimal
Expansion Plan Analysis (March 2008) in Volume 111, Technical Appendix. Production model
inputs are the same with the exception of the load forecast, unit retirements, CO, 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 Supply-Side Technology Alternatives

(March 2008) in Volume I1I, Technical Appendix, and to achieve reasonable model run time.



Table 5 - Aggressive Green
Emission Allowance Prices

($/Ton)
Year 50, NOx CU,
2007 489 900
2008 457 988
2009 455 951
2010 480 2,366
2011 624 2,369
2012 649 2,372 13.27
2013 673 2,274 14.89
2014 733 2,250 16.68
2015 794 3,098 18.44
2018 855 3,002 20 67
2017 916 3,086 23.36
2018 977 3,122 26.51
2019 1,038 3,149 30.06
2020 1,099 3,177 3422
2021 1,160 3,250 38.04
2022 1,221 3,282 44,52
Table 6
Aggressive Green: Unit Retirements
50th Model
Year Retire
Plant Name Unit Operation Year
Brown 1 2007 2015
Brown 2 2013 2015
Brown 3 2021 2021
Cane Run 4 2012 2015
Cane Run 5 2016 20186
Cane Run 6 2019 2019
Green River 3 2004 2015
Green River 4 2009 2015
Mill Creek 1 2022 2022
Tyrone 3 2003 2015

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

titted 2008 Optimal Expansion Plan Analysis (March 2008) in Volume III, Technical Appendix.

The inclusion of the 30-year Present Value Revenue Requirements (“PVRR?”) for the scenarios

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

sensitivities conducted.




Table 8
Aggressive Green Expansion Plan

Load Forecast: Base Aggressive Green
Retire Units: No Yes

Plan: A" M
2008

2009

2010

2011

2012

2013

2014

2015 1-CCCT  Wind (8) & FALL
2016 Wind (4)
2017 Wind
2018 Wind
2019 1-CCCT Wind (6)
2020 Wind (22)
2021

2022 1-SCCT

30 Yr PYRR (3B) 17 950 18.395
Cost Delta to Base 0 0.445
Plan Rank {Low to High) 1 2
Average $/MWh in 2015 29 37
Average $/MWh in 2020 35 46

Ohio Falls 9 and 10 installation was forced in 2015.
Average 5/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.






Kentucky Utilities Company
and
Louisville Gas and Electric Company

2008 Optimal Expansion Plan Analysis

Prepared by
Generation Planning

March 2008



2008 IRP: Expansion Plan

March 2008

2008 OPTIMAL INTEGRATED RESOURCE PLAN ANALYSIS

TABLE OF CONTENTS

EXECULIVE SUMMATY wvirrrisriarorsicresooniamsineisineisssemssssosossirssssesrsstossassrsasiessssssssessassssnssssnessesssassenssssses i
INErOQUCHION e vt csns e ae s stnssss st nssnssaa s s e s ms s aassnsvannssns s s snms saser s sasanssnaasasenbassressnss 1
An Overview of the Strategist Computer MOdel . iimenmiirecseesicaniineesinessanssnsssessssssassssesss 2
SUPPOrting StUAIeS ettt b e aa s e e e s sa 3
Minimum Reserve Margin Target Criterion ... .. ... ..o i v i &
Supply-Side Technology Screening Analysis ..o e b
Table 1: Supply-Side Technologies Suggested for Analysis With Sirategist ... TP PR e 4
Demand-Side Technology Screening Analysis ... oo i e e e B
Base Case DevelOPIEnt ... . iiinininiiinimisisismasiriisimiomasersnissssssssimisnesiessssssssssssssssssssssssios 6
SeNSHIVIEY ADALYSES st i 9
Sensitivity: DSM Performance ..o o e 10
Sensitivity: Load. o e e 1]
Sensitivity: Unit Retirement ... . e i 0 13
Sensitivity: COx Regulalion.. ..o et e 15
Sensitivity: Combined Cycle Operation.. ... ... i e 1 T
Break Even Analysis: Gas PHCES . oo oo ve o oo v e e vetase oo s ene e e 19
Break Even Analysis: Coal Capital CostS ..o s i et 19
Summary and Recommendations....ciiicissnsnisesisosoiseiomimsesssssssissmsssssssssssssnsan 20
L0111 11E:] 11 USROS 20

APPENDIX A ccorrecciieinrtintiseeniseesisnes st acessreesssssssnesssrsassssassassessssnessenessanssanassessnssssnanossnes 21



2008 IRP: Expansion Plan
March 2008

EXECUTIVE SUMMARY

Kentucky Utilities Company and Louisville Gas and Electric Company (collectively, the
Companies) continually evaluate their resource needs. The purpose of this study is to update this
ongoing analysis. The base case strategy s determined based on a minimum expected Present Value
of Revenue Requirements (PVRR) criterion and subject to certain constraints, including unit
operating characteristics and maintaining a target reserve margin of 14%.

As precursors to the optimization process, two independent technology screening analyses
were conducted, one for supply-side alternatives and the other for demand-side management (DSM)
programs. The purpose of the 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 numerous demand-side management options and ultimately
recommended twelve new programs for consideration within Strategists. The new DSM programs
evaluated range from approximately 1 MW to 85 MW and include demand and energy reduction
benefits. The DSM programs included in this analysis could reorder units selected to serve load.
Therefore, an optimization was performed with the DSM programs in place and compared to an
optimization without the DSM programs to determine cost effectiveness. The optimization with the
DSM programs in place provided lower cost revenue requirements than the optimization without the
DSM programs. Since inclusion of the DSM options was identified as economical in the production
model, their benefits were incorporated into the base expansion plan and it is recommended that the
DSM programs be implemented along with the base expansion plan.

In order to consider uncertainty in the process, a rigorous evaluation of several key
assumptions was conducted. These sensitivity cases quantified the effects on the optimal plan of
DSM performance, various load forecasts, unit retirements, carbon dioxide regulation, combined
cycle operation, and breakeven analyses on natural gas prices and coal capital costs. Base case
results conclude that the construction of gas-fired units through 2022 provide lowest cost revenue
requirements. The first unit installed is a 2x1 combined cycle in 2015.
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Introduction

The purpose of this study is to produce a multiple year Integrated Resource Plan for
Kentucky Utilities Company and Louisville Gas and Electric Company {(collectively, the
Companies). The IRP is determined based on a minimum expected Present Value of Revenue
Requirements (PVRR) criterion over a 30-year planning horizon and subject to certain constraints,
including a target reserve margin of 14% and unit operating characteristics.

This report will first discuss the various modules of the Strategists computer model used in
the analysis. Next, the reserve margin used in this analysis will be briefly discussed followed by a
discussion of the results of the supply-side screening analysis. A separate screening of Demand-Side
Management (DSM) options has aiso been completed and will be discussed last. Based upon these
supporting analyses, initial lists of technologies of various types and capacities will be suggested for
further analysis within the optimization module of Strategists. Sensitivities developed around five
key areas {DSM performance, load forecast, unit retirements, carbon dioxide regulation, combined
cycle operation), along with break even analyses on natural gas prices and coal construction costs,
will be evaluated in computer optimizations and the least cost plan will be presented for

consideration.
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An Overview of the Strategists Computer Model

The Load Forecast Adjustment (LFA), Generation and Fuel (GAF), Proview (PRV), and
Capital Expenditure and Recovery (CER) modules of the Strategistqu computer model were used in
the study. The Strategisty, 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 Strategists model are
described in Appendix A of this document.

The LFA module allows the user to create typical monthly load shapes for each company
modeled to be transferred to the GAF module for production costing purposes. Inputs to the LFA
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 Utilities (OMU) is the second
company. OMU 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 emission costs are calculated n this module. Inputs to the
GAF include generating unit and purchase power characteristics, fuel costs and unit or fuel specific

emissions information.
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PRV is an optimization module that evaluates all combinations of potential options to
produce a list of resource plans, subject to user specified constraints, that satisfy the Companies’
minimum target reserve margin criterion. PRV combines production cost analysis with an analysis
of new construction expenditures {(or DSM implementation costs} to suggest an optimal resource
plan and sub-optimal resource plans based on minimizing utility cost. PRV receives revenue
requirements information associated with capital expenditures from the CER. Inputs to PRV include
generic generating unit characteristics from the GAF, DSM information from the LFA, and
construction/implementation 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 information on resource
projects associated with the optimal Integrated Resource Plan. Inputs to the CER include

construction cost profiles, depreciation schedules and various economic assumptions.

Supporting Studies
Several supporting studies are utilized in this evaluation. These studies include the target
minimum reserve margin, the supply-side technologies and the DSM programs used in this

evaluation.
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Minimum Reserve Margin Target Criterion
In January of 2008, a study was completed to determine an optimal reserve margin criterion
to be used by the Compantes. This study recommended that a target reserve margin of 14% be used
in 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 Analysis of Reserve Margin Planning Criterion (March 2008) can be

found in Volume 111, Technical Appendix of the Companies 2008 Integrated Resource Plan.

Supply-Side Technology Screening Analysis

As a precursor to the optimization process, a technology screening analysis was conducted.
The purpose of the screening analysis was to evaluate, compare and suggest the least-cost supply-
side options to use in Strategists optimizations. The number of supply-side options available
necessitates that a screening analysis be conducted since modeling of all options in Strategisty, is
simply not feasible. The supply-side screening report Analysis of Supply-Side Technology
Alternatives (April 2008), can be found in Volume III, Technical Appendix. The supply-side
technologies suggested by the screening evaluation for detailed analysis within the Strategisty model
are shown in Table 1.

Table 1
Supply-Side Technologies Suggested for Analysis with Strategistg

Supercritical Pulverized Coal — High Sulfur Fuel
3x1 Combined Cycle Combustion Turbine
2x1 Combined Cycle Combustion Turbine
Wind Energy Conversion
Simple Cycle Combustion Turbine
Run of River-Ohio Falls Station Expansion (Units 9 and 10)
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The options listed in Table I are the options that passed the screening analysis and represent
the complete list of supply-side alternatives available to Strategist:. The Companies will continue to
pursue possible opportunities through the RFP process and through participation in the wholesale
marketplace on a real time basis when evaluating future resources. Purchase opportunities are
compared to construction alternatives in the CCN process to arrive at an optimal strategy. Peaking
type purchase power opportunities in optimizations would serve only to evaluate the delay of CT
construction for short periods of time, which is already being considered by the Companies in
greater detail in the CCN process. Regardless of the method or the arena in which the evaluation is
conducted, the Companies will continue to evaluate the benefits of purchase power, both short- and
long-term, through participation in the wholesale marketplace on a real time basis as a method to
delay generation construction. An Integrated Gasification Combined Cycle unit (1GCC) was also
included in the Strategisty analysis due to its potential lower cost over pulverized coal if CO;

emissions are regulated in the future.

Demand-Side Technology Screening Analysis

In addition to the supply-side screening discussed above, a demand-side screening was
performed. More than eighty demand-side options 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 implementation. Collectively, the new DSM programs are expected to
reduce the Companies’ system peak by approximately 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 the sizes of the DSM programs are small 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. I 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 ali
the Demand Side Management programs, including the cost of the new programs can be found in the
report tiled Screening of Demand-Side Management (DSM) Options (March 2008) in Volume i1

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
information 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 year to approximately 13.7%. Itis most likely

that the projected deficit in 2014 will be met with a power purchase.
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Confidential Information
Table2
Supply-Side Alternatives Data
All Cosls are in 2007 §
Toad

Net Ovemigi MNoi-Fued Full Load FGD NOx

Capubility Instafled Varizble O&M Yol HHY First Removal Eemiss

Summer’ Winter Cost Non-Omae Season | Fived O&M* Heat Ree EFQR Your Efficiency Rate
Unit Type' MW) (MW) (5/AW) (5/MWh) (SMAr) 1 (mmbtuw/MWh) (2%} Available 24) (brmmbng)
15uperentical Coal 739 771 2,56 26,2 8.86 8.60% 2015 988 4,050
x| Combined Cyele 817 B5G 4,35 23.1 6.89 8.36%] 2015 N/A 0.007
2x1 Combined Cycle 475 551 449 160 | 6,96 8.30% 2015 N/A £.007
2x1 IGCC 584 618 2.64 249 839 8.60% 2015 99%, 0,050

Wind Turbine 50 50 - 2.4 A 69.0%°| 2015 N/A N/A
Combustion Torbine 155 184 2392 4.0 £0.82 6.10% 2015 N/A 0.0i8

Ghio Falls Unit’ 5 4 - 0.2 N/A 0.00% 2015 NIA N/A

Motes 1o Table 2:

t All units except Olio Fafls are “Greenfield’ units. “Greenfield” implies n focation without en existing wnit end infrastructure {fuel handling equipment sich
2 The existisng Ohia Falls Jayout bas room for only teo expansion usits Data g asinglc gencrating unit. Rating is average hourly production.
instatled cost is based on unit rating of 16 B MW

3 Summer Rotings are used for the months of Apnii - September
4 Fined Q&M for Greenfield CTs snd Combined Cycle options include costs nssociated with yeserving gas-line eapacity
5 Wind turbine availabitity modaled ;1 31%

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 Cummins & 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 Tarbell & 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 but will be evaluated within the required CCN application process.

7
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For a more complete description of the origins of the data associated with each of the supply-side
options see the Analysis of Supply-Side Technology Alternatives (April 2008) in Volume 111,
Technical Appendix.

With the summary of the supply-side cost and performance data, the least cost base plan
identified by Strategists, can be evaluated. For future reference, this plan will be referred to as Plan
“A” and it represents the 30-year expansion strategy that minimizes the Present Value of Revenue
Requirements criterion given the assumptions for each alternative’s cost and performance (shown in
the preceding Table 2) and the assumption of base load. The expansion plan for the fifteen year
period (2008-2022) covered by the Integrated Resource Plan for Plan “A” and the PVRR associated
with it are shown below in Table 3.

To facilitate the comparison of multiple plans, the names of the alternatives have been
shortened. GFCU is the 750 MW supercritical coal unit, LCCT represents the 817 MW 3x1
combined cycle option, CCCT represents the 475 MW 2x1 combined cycle unit, IGCC represents
the 584 MW 2x1 IGCC unit, Wind represents a 50 MW wind turbine, SCCT is the 155 MW simple

cycle combustion turbine and the Ohio Falls Station options will be referred to as Falls.
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Table 3
initiat Expansion Plan

Plan: AT
2008

2009

2010

2011

2012

2013

2014

2015 1-CGCT
2016

2017

2018

2018 1-CCCT
2020

2021

2022 1-SCCT

30 Yr PVRR (§B) 17 850

As can be observed in Table 3, optimization results using the base assumptions indicate that
the installation of a Greenfield 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 in several other
sensitivity cases. Sensitivities were performed in five areas: (1) DSM performance, (2) load
forecast, (3) unit retirement (4) carbon emissions regulations and (5) combined cycle operation.
Additionally, break even analyses were performed on (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-

00319 and in this IRP as found in Volume 11, Technical Appendix. Sensitivities were performed by

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

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

Table 4
DSM Sensitivity Cases

Case

Description

MW Removed

HBH

2008 IRP DSM is Denied

108

er"

Case 2007-00319 is Denied

195

IPD"

Both Case "B" and Case "C" occur

304

30 Yr PVRR (5B)
Cost Delia to Base D

Table §
DSM Sensitivity

Ptan: IIA" IIBII ‘lc"

IIDIV

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

1-CCCT 1-CCCT

1-CCCT
1-CCCT

1-5CCT 1-8CCT

1-CCCT

1-8CCT
1-8CCT

1-CCCT
1.8CCT
1-SCCT

1-CCCT

1-CCCT

1-8CCT

17 950 18171

0222

Plan Rank (Low to High) 1 2

18.681
0731

18.942
0.092
3 4
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The programs proposed in the 2008 IRP lower PVRR $222 Million for the 30-year period
(Plan “B”). The programs proposed in Case No. 2007-00319 lower PVRR $731 Million (Plan “*(C”),
while 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 in Volume 1,
Technical Appendix. Therefore, all following sensitivities will include the full DSM benefits as

included inn Plan “A™.

Sensitivity: Load

The load forecast is a significant factor influencing the Companies’ Integrated Resource
Plan. Each supply-side technology is designed for optimal unit 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 while 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 the full range of loads it is expected to serve. Significant economic penalties may be
incurred if the unit is operated above or below the level it 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, it 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 the selection of an optimal technology type.

I
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Therefore, in order to evaluate the effect of various load forecasts, a load sensitivity analysis was
incorporated into the process of determining an optimal resource plan.

In summary, the load sensitivity analysis consists of evaluating the effect of three load
forecasts on the selection of resource alternatives. The three forecasts depict an expected system
load growth case, a case where system load growth exceeds expected growth and a case in which
system load growth is less than expected. Forreference, the resulting forecasts are termed the base,
high and low load forecasts. The details of and the basis for the various load forecasts are described
in Volume 11, Technical Appendices I-11I. A tabulated summary 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 comparison purposes the optimization of the base
load forecast {Plan “A”") is also shown. The inclusion of the 30-year PVRR for the sensitivities are
for informational purposes (i.e. the high load forecast is expected to have a higher cost than either
the base or low load forecasts) and is shown to indicate how much costs are affected by the

sensitivities conducted.

12
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Table 6
Load Sensitivity

Load Forecast: Base Low High

Plan: "A" “E" "F"

2008

2009

2010

2011

2012

2013

2014

2015 1-CCCT 1-CCCT & 1-8CCT
2016 1-8CCT
2017

2018 1-CCCT
2019 1-CCCT 1-CCCT

2020

2021 1.8CCT
2022 1-8CCT 1-CCCT

30 Yr PVRR {$B) 17.950 15 665 20371
Cost Delta to Base 0 {2 285) 2421
Plan Rank (Low to High} 2 1 3

As with the base optimization, sensitivity optimizations around the forecasted load for the
Companies continue to show that a combined cycle unit is installed in the first year of need. As
should be anticipated, the occurrenice of low load over the period as represented in Plan “E” results
in the least cost PVRR, with Plan “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 2015 for the high load scenario.

Sensitivity: Unit Retirement
Waterside 7 and 8 were retired August 21, 2006 and Tyrone Units | and 2 were retired

February 26, 2007 after determining it would be uneconomical to continue their operation. While no

13
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additional retirements are currently planned, the Companies have a number of units that are at least
thirty-five years old [see the portion on dging Generating Units in Section 8.(5)(b}]. Furthermore,
the relatively high production costs of these units and the upcoming Clean Air Interstate Rule
(CAIR) restrictions, as well as any future imposed environmental regulations, will only worsen their
relative economics. It could become economic to retire many of these units even without a
significant mechanical 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
Case |Units Retired Total MW |
"G" Green River 3 and 4 163
"H" Tyrone 3 71
" Green River 3 and 4, Tyrone 3 234
"J" Haefiing 1-3, Cane Run 11, Paddy's Run 11-12, Zorn 1 99

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 the plan. As before, Plan “A”

is shown for comparison.

14
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Table 8
Retirement Sensitivity

Load Forecast: Base Base Base Base Base
Retire Units: Ne GR3-4 TY3 GR&TY CTs

Plan: "A" "G H” " "J"

2008

2009

2010

2011

2012

2013

2014

2015 1-CCCT 1-CCCT 1-CCCT 1-CCCT 1-CCCT

2016

2017 1-SCCT

2018 1-CCCT 1-8CCT 1-SCCT 1-8CCT

2018 1-CCCT 1-SCCT

2020 1-CCCT 1-CCCT 1-8CCT

2021 1-SCCT

2022 1-8CCT 1-SCCT 1-CCCT
30 Yr PVRR ($B) 17 950 18.119 17.995 18.200 17 892
Cost Delta to Base 0 0169 0.045 0.250 0.042
Plan Rank (Low to High) 1 4 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 combined cycle units and

simple cycle combustion turbines through 2022,

Sensitivity: CO; 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 has been
developed on COs regulation. CO» emission allowance prices used in this evaluation can be found
in Appendix A Table 8. The alternatives allowed in this scenario were expanded to allow the

possible capture and sequestration (CCS) of CO,. Along with the options described in Table 2, a

15
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750 MW coal unit with CCS and a 550 MW 1GCC with CCS have been included and their operation

highlights are summarized in Table 9. Results for the COa sensitivity can be found in Table 10.

Confidential Information

Tabley

Supply-Side Alternatives Data

Al Costs are in 2007 8

fimi Ty

Supeseritient Coal wiCCS

200 1GCC wiCUs

Total
Kt (hemigla NotwFiel Fall L LT N o
Citpabitity fustatten Varidble (&M Tttt 153 First Hamovat Eunine Limisxiost
Swnmer Winter Cost NuenOrone Season | Freed GEM 1eas Rute [HESI Year Eiiciency Rate Bate!
(MW} 1MW} (SRWY 5MWLY (ShIryry Ol ATWh) ") Avaifuhle ") (hanmbisl { (hianmbin
739 T RED] 321 1135 q.000 2015 Yt 0054 200
522 553 131 25.2 10.08 £60%] 2018 G913 0,054 2.0
Fhe Uy emission rate for coaland IGCT withou 08 55 208 2 lhaming Gas unit CO; emissions are $200 Banmbm
Table 10
GO, Sensitivity
Load Forecast: Base Base
Retire Units: No No
Plan: A" K"
2008
2008
2010
201
2012
2013
2014
2015 1-CCCT 1-CCCT
2016
2017
2018
2019 1-CCCT 1-CCCT
2020
2021
2022 1-8CCT 1-8CCT
30 Yr PVRR ($B) 17.950 18 310
Cost Delta to Base 0 0.361
Plan Rank (Low to High) i 2

16
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The optimal expansion plan resulting from the implementation of CO- regulation did not
produce a different expansion plan. Instead, regulation at the CO» prices in this analysis simply
acted as a “tax” added to existing production costs. As expected, Plan “K” has a higher PVRR

($361 Million) compared to Plan “A”.

Sensitivity: Combined Cycle Operation

A combined cycle unit is considered “intermediate” generation and should have a capacity
factor somewhere between a simple cycle combustion turbine and a baseload unit. The combined
cycle units in Plan “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 unit is 35% greater than
that of a simple cycle combustion turbine, when contrasted with the capacity factor of approximately
90% for a new baseload unit. The data provided by C&B for the Screening Analysis projected a
combined cycle capacity factor of approximately 60%. Requiring the combined cycle to operate ata
higher capacity factor could make it economical to install another alternative in its place, either
simple cycle combustion turbines if the load need is more peaking or a coal unit if the load need 15
more baseload. Table 11 displays the expansion plan results of the case that requires greater

production from the combined cycle units.

17
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Table 11
Combined Cycle Operation Sensitivity

Load Forecash: Base Base
Retire Units: No No

Plan: A" *L"

2008

2008

2010

2011

2012

2013

2014

2015 1-CCCT 1-SCCT

20186 1-SCCT

2017

2018 1-SCCT

2019 {-CCCT 1-8CCT

2020 1-8CCT

2021 1-SCCT

2022 1-8CCT {-S5CCT
30 Yr PVRR ($B) 17 950 18 045
Cost Delta to Base 0 0095
Plan Rank (Low to High) 1 2

The optimal expansion plan changes when requiring greater production volumes from
combined cycle units by making them “must run” units. Must run implies that the unit must be
committed to operation prior to dispatching upper segments of other units. As Plan “L” indicates,
the model opted to install simple cycle combustion turbines through 2022 instead of combined cycle
units. This indicates that the Companies’ system, given the mputs in the model, is in need of

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

The relative prices of natural gas and coal may have a significant impact on the selection of
an optimal technology type. Therefore, in order to evaluate the effect of natural gas and coal prices,
a fuel sensitivity analysis was incorporated into the Companies’ process of determining an optimal
Integrated Resource Plan. The natural gas prices were adjusted while holding the 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. Resuits indicate that natural gas prices would need to increase by approximately 125%
over those contained in Appendix A Table 4 before a coal unit becomes economical over a natural

gas unit.

Break Even Analysis: Coal Capital Costs

Capital costs for generating units have increased dramatically n recent history. Baseload
units generally have substantially higher $/kW capital requirements than peaking, but benefit from
lower fuel costs during its lifetime of operation. Capital intense generating units will be impacted
more by the recent cost increases since there is more cost to make up via lower fuel costs. This
analysis simply adjusts coal capital costs while holding all other inputs constant in 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 performed with the base inputs identified Plan “A™ as the
least-cost expansion plan for meeting the Companies’ load requirements. The plan calls for a
combined cycle unit to be constructed at a Greenfield site in 2015 and 2019, 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. In nine of the eleven sensitivities, the optimal plan called for the
construction of a Greenfield combined cycle unit in 2015, followed by a combination of Greenfield
combined cycles and CTs through 2022. One of the sensitivities that did not have the previous
ordering is the low load forecast, which recommended a combined cycle unit in 2019 as the only
new unit requirement through 2022. The other sensitivity with different ordering, “Combined Cycle
Operation”, only called for the construction of Greenfield CTs through 2022.

Considering all options reviewed, this study recommends that the generation expansion
strategy of the Companies be that shown in Plan “A”, and that the Companies continue analyzing the
economics of a combined cycle versus simple cycle combustion turbines to meet future load

requirements.

Conclusion
By comparing the PVRR of Plan “A” with that of Plan “B”, it can be seen that the twelve
new DSM programs have lowered the 30-year PVRR by approximately $222 Million and therefore,
based on the foregoing analysis, it is recommended that the Companies implement both the supply-
side plan identified as Plan “A” as well as the new DSM programs. It is further recommended that

purchase power continue to be reviewed as an option to delay generation construction.

20
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DATA ITEMS USED IN 2008 OPTIMAL INTEGRATED RESOURCE PLAN ANALYSIS

Existing System Data

The Strategisty computer program is used to simulate Kentucky Utilities Company's (KU) and
Louisville Gas and Electric Company’s (LG&E) 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 purchases to serve OMU's load while
simultaneously maintaining the KU/LGE reserve margin requirements. The remaining generation
available from OMU's units after meeting their requirements is economically dispatched by the
Companies. The following sections outline the information and the sources of the information used
to model the KU, LG&E and OMU generating systems.

A) General Data ltems
L Base Year: 2007
2. Study Period: 2007 to 2037 (with infinite end effects)
3. Economic Assumptions:
Revenue requirements are determined on an annual basis and discounted to

the base year giving a present worth of revenue requirements. Discounting is
performed using a discount rate, which is assumed to remain constant for all

years.

4. Financial Parameters:
a. Discount Rate: 7.85%
b. Capital/O&M costs Escalation Rates for Coal: 1.9%/1.6%
¢ Capital/O&M costs Escalation Rates for Gas: 2.2%/1.6%
d. Combined Federal and State tax rate: 36.55%

5. Unserved Energy Cost:

The cost placed on unserved energy is $15,000 per MWh (2007 dollars) and is
based on study provided by Pace Global Energy Services.

6. Load Forecast:

KU/LGE Base: See 2008 Expansion Plan Appendix A Table la.
Based on LG&E and KU Energy and Demand Forecast for
2007-2037 contained in Section 7 of Volume 1.

22
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KU/LGE High: See 2008 Expansion Plan Appendix A Table 1b.
LG&FE and KU Energy and Demand Forecast for 2007-2037
contained in Section 7 of Volume 1.

KU/L.GE Low: See 2008 Expansion Plan Appendix A Table lc.
Based on LG&E and KU Energy and Demand Forecast for
2007-2037 contained in Section 7 of Volume 1.

OMU: Developed April 24, 2007 by KU/LGE personnel based on
historical data and information provided by OMU. See 2008
Expansion Plan Appendix A Table la.

7. Unit Retirements:

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

Sensitivity:
Sensitivities were performed that considered the simultaneous retirement
of aging units. The scenarios considered retirements of the units listed in
Appendix A Table 2 on December 31, 2014.

8. Hourly Load Files:

Market Analysis provides the KU and LG&E typical hourly 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 Expansion 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.

23
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10.

.

d.

c.

Heat Rates: See 2008 Expansion Plan Appendix A Table 3

Fuel Costs:
Fuel Price Forecast Developed May 31, 2007

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.

OMU Umt Data:

&

h.

Installed Net Capacity:

OMU (Smith Unit 1): 136/143 (summer/winter)
OMU (Smith Unit 2): 259/265 (summer/winter)

Equivalent Forced Outage Rate:

OMU (Smith Unit 1): 15.27%
OMU (Smith Unit 2): 16.64%

Heat Rates (Full Load):

OMU (Smith Unit ). 10,620 Btu/kWh
OMU (Smith Unit 2): 10,070 Btuw/kWh

Heat Content of Fuel: 10,700 Btu/lb
Maintenance Schedules:

Planned outage inputs were developed with the
assistance of OMU.

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

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

Fuel costs include associated costs for fuel handling
and limestone.

OMU Scrubber O&M (Smith Umits 1 & 2):

24
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i. Variable O&M: Limestone charges included in fuel cost.
il. Removal Efficiency: 93.5%

. Other Purchases:

a  Contract Demand: See 2008 Expansion Plan Appendix A Table 5
OVEC (Firm): 174 MW

b. Forced Outage Rates:
OVEC: 0% FOR. Energy schedule incorporates outages.

¢. Full Load Heat Rate (Btu/kWh):
OVEC: 10,000
For this transaction, which was modeled as a purchase power
unit, the fuel price was input such that the fuel price times the
heat rate would result in the expected energy cost of the
purchase. A heat rate of 10,000 Btw/kWh is not meant to
reflect the “real life” heat rate of the units associated with this
transaction.

d  Heat Content of Fuel (Btu/lb):
OVEC: N/A

e. Fuel/Energy Cost:

See 2008 Expansion Plan Appendix A Table 6

f. Mantenance

QOVEC: Maintenance requirements were provided by OVEC for calendar
year 2007. The same profile is assumed for all other years.

25
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Table 1a - 2008 Expansion Plan Appendix A
Base Forecast: Peak (MW) /Annual Energy (GWh)

LGE Forecast KU Forecast OMU Forecast
Year Peak (MW} Energy (GWh} | Peak (MW} Energy (GWh}} Peak (MW) Energy (GWh)
2007 2,739 13,098 4,229 B 23,072 187 808
2008 2,789 13,321 4 306 23,514 187 | 809
2009 2,817 13514 4371 = 23,889 188 910
2010 2862 | 13,682 4,428 24,239 188 913
2011 2,908 13,900 4 496 24631 189 916
2012 2,952 14,099 4,560 24,981 189 819
2013 2,905 | 14,280 4,615 25255 | 190 921
2014 3,038 14,430 4,669 25,497 190 924
2015 3,075 14,524 4,736 25,774 191 827
2016 3,113 14,640 4,799 26,055 192 930
2017 3,152 14,791 4,861 26,362 192 933
2018 3,194 14,975 49331 26,749 193 935
2019 3,236 15,158 5,001 27,112 193 938
2020 3,282 15,362 5,082 27,552 184 941
2021 3,324 15,543 5,149 27,906 194 944
2022 3,368 15,737 5,223 28,300 185 947
Peaks and energy forecast reflect effects of interruptible/CSR but not DSM
Table 1b - 2008 Expansion Pian Appendix A
High Forecast: Peak (MW) /Annual Energy (GWh)
LGE Forecast KU Forecast

Year Peak (M\i\l) Energy (GWh) | Peak (MW) Energy (GWh)

2007 2,739 13,008 4,229 23,072

2008 2,839 13,559 4,407 24 065

2009 2,883 13,832 4,500 24,592

2010 2,939 14,049 4,580 25,070

2011 2,996 14,317 4,667 25,566

2012 3,053 14,578 4,753 26,040

2013 3,109 14,819 4.821 26,384

2014 3,161 15,018 4,892 26,714

20156 3,200 15,163 4,972 27,066

2016 3,253 15,309 5,051 27,430

2017 3,300 15,497 5,125 27,810

2018 3,351 15,722 5,213 28,281

2019 3,400 15,938 5,296 28,727

2020 3,454 16,180 5,396 28271

2021 3,503 16,398 5476 29,695

2022 3,556 16,628 5,661 30,150

Peaks and energy forecast reflect effects of interruptible/CSR but not DSM
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Tabie 1¢c - 2008 Expansion Plan Appendix A
Low Forecast: Peak (MW) /Annual Energy (GWh)

L.GE Forecast KU Forecast
Year Peak (MW} Energ_;y {(GWh} | Peak (MW) Energy (GWh)
2007 2,739 13,098 4,229 23,072
2008 | 2,739 130811 4204 22,956
2009 2,749 13,180 4,241 23,179
2010 2,783 13,305 4277 23,414
2011 2,816 13,460 4,325 23,697
2012 2,850 13,612 4,363 23,804
2013 2,883 13,745 4,405 24,109
2014 2,915 13,846 4,443 24,260
2015 2,944 13,896 4,495 24,455
2018 2,974 13,980 4,547 24,675
2017 3,005 14,081 4,696 24,914
2018 3,039 14,241 4,654 25,223
2019 3,076 14,398 4,713 25,637
2020 3,115 14,568 4775 25,872
2021 3,152 14,727 4,826 26,140
2022 3,180 14,892 4,884 26,446

Peaks and energy forecast reflect effects of interruptible/CSR but not DEM

Table 2 - 2008 Expansion Plan Appendix A
Units Considered in the Retirement Sensitivity

Summer | Current

Unit Capability Age
Type Piant Name Unit (Net MW}| (Years)
Steam Green River 3 68 54
Steam | Green River 4 95 49
Steam Tyrone 3 71 55
CT Cane Run 11 14 40
CT Paddy's Run 11 12 40
CT Paddy's Run 12 23 40
CT Zom 1 14 39
CT Haefling 1,2,3 36 38
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Table 3 - 2008 Expansion Plan Appendix A
Louisvilie Gas and Electric/ Kentucky Utilities Generator Data

Installed Summer

Unit Year Rating {MW}
Brown 1 1957 101
Brown 2 1963 167
Brown 3 1971 429
Brown 5 2001 117
Brown 6 1999 154
Brown 7 1989 154
Brown 8 1985 106
Brown 9 1994 106
Brown 10 1995 106
Brown 11 1996 106
Ghent 1 1974 475
Ghent 2 1977 484
Ghent 3 1981 493
Ghent 4 1984 493
Green River 3 1954 68
Green River 4 1959 a5
Tyrone 3 1953 71
Dix 1-3 1925 24
Haefling 1-3 1970 36
Cane Run 4 1962 1hbh
Cane Run 5 1966 168
Cane Run 6 1969 240
Mill Creek 1 1972 303
iMill Creek 2 1974 301
Mill Creek 3 1978 3581
Mill Creek 4 1982 477
Trimble 1 {75%) 1080 383
Trimble 5 2002 160
Trimble 6 2002 160
Trimble 7 2004 160
Trimble 8 2004 160
Trimble 9 2004 160
Trimble 10 2004 160
Cane Run 11 1968 14
Paddys Run 11 1968 12
Paddys Run 12 1968 23
Paddys Run 13 2001 158
Zorn 1 1969 14
Ohio Falis 1-8 1928 45
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Table 4 - 2008 Expansion Plan Appendix A
Loutsville Gas and Electric/ Kentucky Wtilities Fuel Costs ($/IMbtu)
Brown Gr River | Tyrone Ghent Cane Run { Mill Creek | Trimble Qi Gas* Haeling

Unils 3-4 Lnils 4-8 | Unils 1.4 | High S02 Units 1-3
Gas”

3042
2013

2014
2015
2016

My

* Indicales a seaonat probie applies  Price shown s annual average

Table 5 - 2008 Expansion Plan Appendix A
Kentucky Utilities/Louisville Gas and Electric
Purchases During Peak Month {(MW)

OMU OVEC
Year {Firm) (Firm}
2007 169 174
2008 168 174
2009 167 174
2010 0 174
2011 0 174
2012 0 174
2013 0 174
2014 o 174
2015 0 174
2016 0 174
2017 0 174
2018 0 174
2019 0 174
2020 0 174
2021 0 174
2022 0 174
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Table 6 - 2008 Expansion Plan Appendix A
Modeled Energy Costs Associated with
Purchase Alternatives ($/Mbtu)
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Table 7 - 2008 Expansion Plan Appendix A
Modeled Purchase Power Demand Costs
{$/MW-WK)

OMU OVEC
Year {Firm) (Firm)
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Table 8 - 2008 Expansion Plan Appendix A
Emission Allowance Prices

($/Ton)

Year S0, NOx CO;

2007 _ 485|900

2008 | 457 088

2009 455 851

2010 480 2,366

2011 624 2,368

2012 649 2,372 461

2013 673 | 2,274 | 515

2014 733 2,250 573
2015 | 794 3,098 6 30

2016 855 3,002 7.04

2017 916 3,086 7.92

2018 a77 3,122 8.96

2019 1.038 3,149 979

2020 1,099 37T 1042

2021 1,160 3,250 11.06

2022 1,221 3,282 11.70
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KENTUCKY UTILITIES COMPANY
LOUISVILLE GAS and ELECTRIC COMPANY
ANALYSIS OF
SUPPLY-SIDE TECHNOLOGY ALTERNATIVES

1. EXECUTIVE SUMMARY

Kentucky Utilities Company and Louisville Gas and Electric Company (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 in further integrated
resource optimization analysis.

Cummins & Barnard supphied the Companies with the bulk of data used m this evaluation,
which includes the following: technology descriptions, detailed capital and operation and
maintenance (O&M) cost estimates, and detailed performance and emission results at 57oF
(average), 10oF (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 the
screening analysis was compiled via contracted studies from Devine Tarbell & Associates and
Voith Siemens.

Fifty-five technology alternatives were screened through a levelized screening analysis in
which total costs were calculaied for each alternative, at various levels of utilization, over a 30-
year period and levelized to reflect uniform payment streams 1n each year. This method tends to
be more forward-looking than other methods since it evalnates the economics of owning and
operating a unit over a multi-year period. Levelized costs of each alternative, at varying capacity
factors, are then 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 regulation for the emission of CO2, the impact of potential

emission regulations is included as alternatives to the base analysis.



Based on the results of the levelized screening analysis, it is recommended that the
technologies listed in Table | be retained for further evaluation in the integrated resource

optimization analysis.

Table 1
Alternatives for Further Consideration

Supercritical Pulverized Coal Unit, High-Sulfur, 750 MW
3x1 GE 7FB Combined Cycle Combustion Turbine

2x1 GE 7FA Combined Cycle Combustion Turbine
Wind Energy Conversion

GE 7FA CT Simple Cycle Combustion Turbine

Ohio Falls 9-10 Hydro Units



KENTUCKY UTILITIES COMPANY
LOUISVILLE GAS and ELECTRIC COMPANY
ANALYSIS OF
SUPPLY-SIDE TECHNOLOGY ALTERNATIVES

2. INTRODUCTION

This study evaluated several supply-side technology costs and performance estimates for
currently available and emerging technologies. As part of the Integrated Resource Plan process,
Kentucky Utilities Company and Louisville Gas and Electric Company (the Companies) evaluate,
at a high level, all of the currently available/emerging 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 the significant amount of time
required for computer simulation if each were modeled individually. The purpose of this study is
to reduce the list of possible technology alternatives to a more manageable size. The study was
conducted by first constructing optimal (least-cost) operation for each technology at various levels
of utilization. To achieve this, a discussion of the 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, the basis for recommending one technology over another is presented and

those technologies suggested for additional computer simulation are identified.

3. DATA SOURCES

Cummins & Barnard gathered information on several technology alternatives and
submitted to the Companies a final study in December 2007. The document included technical

descriptions for all technologies, detailed capital costs, performance expectations, emission rates,
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and O&M costs for conventional generation alternatives (pulverized ceal, 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 the 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 Voith Siemens were used. All technologies analyzed in the

screening process are found in Exhibit 1.

4. TECHNOLOGIES SCREENED

4.1 Coal-Fueled Technologies
4.1.1  Pulverized 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-fired 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.

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

utilize emissions controls as follows:



» NQ, Combustion controls (low NO, burners and overfire air) and selective
catalytic reduction (SCR).

= Particulate Matter (PM,o): Fabric filter

» Total Mercury (Hg', He ', Hgy): Powder Activated Carbon injection, fabric filter
and wet limestone flue gas desulfurization (FGD).

= SO, Wet FGD

«  Acid Mist [PM35 (SO:3/H.SQ4)]: Wet FGD followed by a wet ESP or Wet FGD

with lime injection upstream of a baghouse.

4.1.2  Circulating Fluidized Bed

Circulating Fluidized Bed (CFB) boiler technology represents a mature and commercial
technology for subcritical steam generation up to 340 MW and even higher with the installation of
multipie CFB units supplying steam fo 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 the furnace floor by combustion air. This combustion air is
injected into the furnace by primary air fans through numerous openings in the floor of the
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 the fluidized characteristics
of the furmace materials that the CFB offers the inherent advantage of in situ SO, emissions
control. The solid materials within the boiler are circulated through the furnace and cyclone
systems to provide for in-bed sulfur removal and increased residence time in the system for
burnout and reaction. The in-bed reaction of the calcium in the limestone can achieve boiler SO
removal efficiencies up to 95 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 this analysis, both
a 250 MW and a 500 MW subcritical CFB unit were considered.
In order to meet state and federal air emissions regulations, the CFB options utilize

emissions controls as follows:

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

non-selective catalytic reduction {(SNCR) w/ ammonia injection in the boiler.

=  Particulate Matter (PMy): Fabric filters.

* Total Mercury (Hg', Hg*', Hg): CFB w/ a fabric filter.

= SO, In furnace imestone injection with a polishing scrubber.

»  Acid Mist [PMas (SO3/H,SO4)]: In furnace limestone injection with a polishing

serubber and baghouse.

4.1.3  Pressurized Fluidized Bed Combustion

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 the combustion
turbine compressor. Hot pressurized flue gas from the 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 exhaust gas is then sent through a heat recovery steam generator
(HRSG) for additional steam production for steam turbine power generation.

Due to the limited commercial deployment of this technology, the complexity of the
system, the mixed performance results indicated, and the lack of significantly improved cycle
efficiencies and emissions as compared to other technelogies, PFBC technology is considered to

still be a developmental technology.



In order to meet state and federal air emissions regulations, the 250 MW PFBC combined
cycle option in this evaluation utilizes emissions controls as follows:
= NO,: Ammonia injection in the furnace and a catalyst m the HRSG.
» Particulate Matter (PM;q) and Mercury: Hot Cyclones prior to the turbine and a
baghouse after the HRSG.

= SO./Acid Mist: Limestone mjection in the furnace.

4.1.4  Integrated Gasification Combined Cycle

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 combined cycle power island.
The syngas is combusted in one or more gas turbines, which exhaust to multiple subcritical heat
recovery steam generators (HRSGs) which produce steam for a conventional steam turbine. 1GCC
technology is considered to be in the second phase of implementation and commercialization with
the next generation not likely to be operational until 2010 and beyond. The technology faces
higher capital costs as compared to the pulverized coal and CFB technologies as well as historic
low availability. Noted advantages to IGCC include the potential to provide a future carbon
capture option and reduced water consumption rates as compared to other coal-fired designs.

This analysis considers three IGCC 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 high-sulfur coal.
These options utilize emissions controls as follows:

* NO,. Combustion controls and nitrogen diluent injection.
= Particulate Matter (PM,): Gas scrubber.

»  H,S: Carbonyl Sulfide (COS) hydrolysis / acid removal



4.1.5 Coal Technologies with CO; Capture and Sequestration

CO, capture technology has been evaluated for all of the coal-fired options in this
evaluation with plant capacities greater than 250. All of the options have assumed post-
combustion monoethanolamine CO. capture with the exception of IGCC, in which pre-
combustion capture was analyzed.  For sequestration, the captured CO, is assumed to be
transported to an off-site, underground cavern via an underground pipeline with all capital and
monitoring costs included. While cost estimates are provided for this work scope, it should be
noted that sequestration technology is still under development and therefore, costs can vary
greatly. As such, the values in this report should be considered indicative and subject to project

specific applications.

4.2 Natural Gas-Fueled Technologies
4.2.1  Spark Ignition Engine

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 4.3.6). A 5 MW natural gas engine has been included in
this analysis. While the technology is well proven as a means of backup power, it has not

developed into a mature generation technology for base-load operation.



4.2.2 Simple Cycle Combustion Turbine

Simple Cycle Combustion Turbines (SCCTs) generate power by compressing ambient air
and then heating the pressurized air by injecting and burning natural gas or oil, and forcing the
heated gases to expand through a turbine. The turbine drives the air compressor and electrical
generator,

SCCTs are commonly used to supply peaking capacity and are commercially proven with
key 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 the
modularity for ease of maintenance. These features, combined with operation over a low range of
capacity factors, tend to offset the primary drawback of SCCTs, the high price relative to coal of
oil or natural gas, making 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).

423 Combined Cycle Combustion Turbine

Combined Cycle Combustion Turbine (CCCT) plants consist of one or more combustion
turbine unit(s), HRSGs, and a steam turbine generator. In addition to the SCCT generation
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 heat recovery is cost effective for combustion turbines because the
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 key advantages of



the CCCTs, when compared with reciprocating engines and SCCTs, are lower NOy and carbon
monoxide (CO) emissions, improved efficiency, and potentially preater operating flexibility if
duct burners are used. Disadvantages are reduced plant relhiability 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 in capacity
from 114 MW to 817 MW at 88°F including both a double CT (2x1) and a triple CT (3x1)

configuration.

4.24  Non-conventional Combustion Turbines

Three other advanced combustion turbine technologies (humid air turbine, Kalina Cycle,
Cheng Cycle) are also included. These technologies are generally considered developmental, but
offer significant potential for efficiency improvements over conventional technologies.

The Humid Air Turbine (HAT) utilizes moist air injected into the combustion chamber to
generate electric power at a higher efficiency than a comparable combined cycle system. The
Once-through Boiler with Partial Steam Generation design integrates a small HRSG into the
simple cycle evaporating only a portion of the boiler feedwater. The steam is then separated in a
steam/water separator where a mist eliminator provides steam with about 5 percent entrained
droplets to moisturize high-pressure air from a compressor. The air-steam mixture is superheated
within the HRSG before being injected into the combustor. A portion of the unevaporated boiler
feedwater is blowndown to maintain water quality and the remainder is cycled back through the
HRSG. The HAT reviewed herein 1s rated at 364 MW,

The Kalina Cycle combustion turbine involves injecting ammonia into the vapor side of
the cycle resulting in higher efficiency compared to a conventional CCCT. The ammonia/water

working fluid provides thermodynamic advantages based on non-isothermal boiling and
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condensing behavior of the dual component fluid, coupled with the ability to alter the ammonia
concentration at various points in the cycle. This capability allows more effective heat acquisition,
regenerative heat transfer, and heat rejection. The cycle is similar in nature to the combined cycle
process except exhaust gas from the combustion turbine enters a heat recovery vapor generator
(HRVG) and the ammonia/water mixture from the distillation condensation subsystem (DCSS) is
heated in the HRVG. A portion of the mixture is removed at an intermediate point and is sent to a
heat exchanger where it is heated with exhaust from the intermediate-pressure vapor turbine. The
moisture returns to the HRVG where it is mixed with the balance of flow, superheated, and
expanded in the vapor turbine generator. Additional vapor enters the HRVG from the high-
pressure vapor turbine where it is reheated and supplied to the inlet of the intermediate-pressure
vapor turbine. The vapor exhausts from the vapor turbine and condenses in the DCSS.  The
Kalina Cycle combustion turbine contained in this analysis is rated at 260 MW.

The Cheng 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 fiom the HRSG is injected into the
combustion chamber and expanded through the turbine section producing increased electrical
power. The Cheng cycle is most beneficial in a cogeneration plant where varying process steam
and electrical power demands are typically experienced. As studied here, the Cheng cycle’s
greatest advantage in an electric power generation only mode, is that it increases power output and
decreases heat rate therefore driving efficiency up compared to a simple cycle unit. 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.
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425 Microturbines

Microturbines are similar in concept to the larger SCCTs used as conventional generation
alternatives but typically offer output.ranges from approximately 20 to 400 kW. Current
commercial systems are air cooled and are capable of producing power at approximately 23-33
percent efficiency by employing a recuperator (air-to-air heat exchanger) that transfers exhaust
heat to the air flowing into the combustor, thereby reducing the amount of fuel required. With a
gaseous fuel source, microturbines can be placed anywhere with extreme 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 kW are considered in this evaluation.

4.2.6  Fuel Cell

Fuel cells electrochemically convert hydrogen-rich fuel, typically natural gas, to direct
current (DC) electricity. Inverters are required to convert the DC power to AC. 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.

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 consume their electrodes with use, but only consume the fuel and oxygen (in the
air) supplied to them. Efficiencies of fuel cells can reach up to 85 percent if the waste heat is
recycled. In addition, fuel celis are also considered because of their environmental 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: alkaline, polymer electrolyte (also
known as proton exchange membrane), direct methanol, phosphoric acid, molten carbonate, and
solid oxide. The most mature fuel 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 improved efficiency. A 300 kW MCFC with a 98 percent capacity factor was

considered in this screening analysis.

4.3  Renewable Resource Technologies

4.3.1 Wind Energy

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 | 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.

432 Solar

Solar energy conversion technologies capture the sun’s energy and convert it to thermal
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.
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Solar thermal power systems concentrate sunlight with mirrors or lenses to achieve the
high temperatures needed to heat the thermal fluid. Solar thermal technologies currently in use
include the following: parabelic trough, parabolic dish, solar chimney, and central receiver.
Parabolic trough represents the vast majority of systems installed.

Solar photovoltaic power generation differs from solar thermal technology because it
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 in relatively low capacity factors for solar technologies.
Each of the five solar options was considered in the evaluation with ratings ranging from 50 kW to

100 MW and capacity factors between I8 and 65 percent

4.3.3 Biomass

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. Efficiencies of biomass plants are lower
when compared to modemn 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 biomass fuel by weight. Emissions controls are

unchanged from the coal-only configuration.

434  Geothermal

Geothermal power plants use heat from the Earth’s crust extracted through deep wells to
generate steam and drive turbine generators for the production of electricity. Geothermal power 1s
limited to locations where geothermal pressure reserves are found. Most geothermal reserves can
be found in the western portion of the United States, but virtually no geothermal resources exist in
Kentucky. There are three types of geothermal power conversion systems in common use
including dry steam, flash steam, and binary 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 Kentucky with very deep wells but this has not been

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

4.3.5 Hyvdroelectric

Hydroelectric power generation is a mature technology that is well understood. The costs
and implementation schedules for these types of projects, however, can vary significantly based
upon site specifics. The hydroelectric instaliation considered 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 section

titled “Other Technologies”.
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436 Wasteto Energy

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 the quantity of municipal and agricuitural solid wastes with the avoidance of disposal
costs being the primary component of determining economic feasibility. Unprocessed refuse is
fed to the reciprocating grate in the boiler where it is combusted in a waterwall furnace (mass
burning) 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. Smaller units
utilize two-stage burning for higher efficiency via controlled-air furnaces. Large MSW facilities
process up to 3,000 tons of waste per day. The driving force for MSW projects is the collection of
a tipping fee to accept MSW, which must be competitive with the costs of hauling waste to the
nearest landfill. Mass burning of MSW is widely believed to be a low cost alternative to other
solid fuels, but it is difficult to justify due to environmental concerns 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 technology 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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and environmental 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

Landfill Gas (LFG) is a valuable energy source that can be utilized in several applications,
including power production, and is considered to be a commercial if not mature WTE technology.
LFG is produced by the 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 the site ages, gas production (as well as the quality of the gas) declines
to the point at which power generation is no longer economic. In 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. LFG 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.

Sewape Sludee & Anaerobic Digestion

Bio-methane fueled generators from the digestion of sewage sludge or livestock manure 1s
very similar to landfill gas energy projects with respect to the quality of fuel fired and 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 from the process is collected, cleaned, and forwarded to a power generation system.
This technology is generally viewed as a “green” technology due to the fact that it prevents the

release of greenhouse gases (primarily methane) to the environment and, like other WTE projects,
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can offset the utilization of other fossil fuels for power generation. An 85 kW unit with a 90
percent capacity factor was considered in this analysis.

Tire-Derived Fuel

Tire-Derived Fuels (TDFs) consisting of chipped tires with the steel belts removed are
attractive due to the high heating value, low ash and sulfur content, and low fuel cost. The co-
firing of up to 10 percent by weight of TDF in a fluidized bed boiler can be considered a
commercial technology as there is no significant change in the technology for a dedicated coal unit
however there is very limited success 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 alternative included in 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 Technologies

Energy storage systems are utilized for supplying energy during peak load periods. The
energy storage devices must be charged or recharged by equipment utilizing electricity generated
by another source. As such, charging is typically accomplished during periods of low demand by
electricity with low generation costs. Alternatively, recharging energy can be sourced from
renewable energy sources that are intermittent in nature, such as wind or solar. It is assumed that
the 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. Energy storage technologies typically have very fast startup

times, thus making them an ideal source for instant dispatchable power.
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441 Pumped Hydro Energy Storage

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 facilities,
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 reservoir. When the energy is required
during peak houwrs, the water in the upper reservoir is converted to electricity as the water flows
through a turbine to the lower reservoir. Increasingly restrictive environmental regulations and
established uses of the river systems in proximity to the Companies may further hamper
consideration of this alternative. Finally, high capital costs and extended lead times are significant
disadvantages that must be accounted for when considering this alternative.

A 500 MW PHES unit assumed to recover 80 percent of the energy input is considered in
this screening analysis. Pumped hydro is considered a viable option to serve intermediate load
levels but the low capacity factor (20 percent in this evaluation) makes it difficult for this

technology to compete with other peaking technologies.

4.4.2 Lead-Acid Battery Storage

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 consists of the battery, DC
switchgear, AC/DC converter/charger, transformer, AC switchgear, and a building to house the
components. During peak power demand periods, the battery system can discharge power to the
utility system for approximately 4 to 5 hours and then recharge during non-peak hours. The
overall efficiency of a LABS system is approximately 71 percent from charge to discharge. In
addition to high initial cost, a battery system will require replacement every 4 to [0 years,

depending upon duty cycle. The LABS unit included in this analysis is rated at 5 MW and has a
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capacity factor of 20 percent and is assumed to recover 87 percent of the energy input.

4.4.3 Compressed Air Energy Storage

Compressed Air Energy 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 Baw/kWh. CAES facilities provide more electrical power to the grid
than is utilized during cavern charging mode because of fuel that is supplied to the system during
the energy generation mode. The necessary geology occurs across nearly 75 percent of the 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 CAES unit with a 25 percent capacity

factor was used in this evaluation.

4.5  Other Technologies
4.5.1 Ohio Falls Expansion

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 the existing powerhouse. These units would
rotate at 149 rpm and have a maximum turbine output of 16.8 MW (summer rating of 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 maximum capacity
factor would be 25 percent. The estimated 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 vary significantly and may not be available at the time of the Companies’ peak needs.
Cost/performance data for the Ohio Falls Units 9 and 10 option are based on an escalation
{6 percent annually) 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, it does not consider environmental or other 1ssues that may exist

regarding the installation of Ohio Falls 9 and 10.

5.  ANALYSIS OVERVIEW

The Companies screening analysis consists of 56 peneration alternatives developed
primarily by Cummins & Bamard. The screening process involves utilizing specific unit
operating data such as unit ratings, heat rate, operation and maintenance expenses, and capacity
factors to estimate lifetime costs associated with owning and operating each technology type and
size.

The base analysis includes the relevant fuel costs as well as the costs of SO, and NOy
emissions. The specific fuels utilized by each technology evaluated in this analysis are 1dentified
in Exhibit 1. 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 mmBtu of gas to
guarantee the 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.

In addition, emissions cost adders are included to account for regulations limiting the

emission of SO, and NOy from certain generating facilities. The emissions adders are calculated

21



by year by multiplying the forecasted market emissions allowance price by the emissions rate.
Cummins & Barnard provided the expected SO» and NO, emissions rates, as shown in Exhibit
2(a), for all applicable technologies assuming the appropriate emissions controls. The emissions
allowance price forecasts used in this analysis are based on the April 2007 forward price curves
through 2009 for NO, and through 2010 for SO,. For the years thereafter, the prices are based on
forecasts from Hill & Associates. The emissions allowance price forecasts are shown in Exhibit
2(b).

Also included in the analysis are tax credits for specific types of generation projects. For
renewable energy projects, a federal production tax credit is included in the amount of two cents
per kWh for wind, geothermal, and biomass projects and one cent per kWh for MSW, RDF, TDF,
LFG, sewage sludge, and hydropower projects. A state income tax credit was also included for
these options as well as the solar options. In addition, the Kentucky Clean Coal Tax Credit of $2
per ton is included for all technologies utilizing Eastern Bituminous coal.

Sensitivities are utilized to provide valuable information 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, technology operating efficiency (measured by heat rate),
and fuel cost. Each of the previously mentioned sensitivities has three possible scenarios: base,
low, and high, which results in 27 sensitivity combinations. The base case analysis excludes costs
associated with CO-> emissions. Since CO- emissions regulations are a possibility in the future,
scenarios which considers CO, 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 (1.e., 27 cases

x 11 capacity factor ranges x 3 least cost options = 891) “opportunities” for each technology to be
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identified as one of the three least cost options. Total costs are evaluated over a 30-year planning
period in all possible case combinations.

Descriptions of the sensitivity analysis, resulting scenarios evaluated, screening analysis,
and the levelized analysis are included in the following sections. The final portion of this
evaluation includes a presentation of the lowest cost, most workable technologies to be considered

further in the detailed analysis.

6. SENSITIVITY ANALYSIS

Variances between original cost estimates and actual cost estimates are possible. These
differences result from technology ratings (conventional or non-conventional). Conventional
technology 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 that
addresses several variables with potential to change the perceived benefits of each technology has
been incorporated into the screening process. Sensitivities present within the analysis do not
include all possible relevant variables; however, the included permutations do provide pertinent
information 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, technology operating efficiency (measured by heat rate), fuel cost, and the addition of
costs associated with controlling CO» emissions. Two cases in addition to the base case were
analyzed in the screening analysis to evaluate the impact of CQ, emissions legislation. These
cases, as discussed below, demonstrate the impact of assumed intermediate and high CO,

emissions allowance costs.
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The sensitivity cases evaluate potential additional cost of CO, 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 CO> emissions have been
proposed however, the magnitude of the proposed legislation varies significantly. The estimated
cost of CO; emission allowances beginning in 2012 is expected to be in the range of §5 to $40 per
ton of CO, emitted. As with SO, and NOy, Cummins & Barnard provided the expected COa
emissions rates for all applicable technologies. The annual CO, emissions costs are calculated as
the product the annual CO, emissions volumes and the forecasted emissions allowance prices at

both the intermediate and high price levels, resulting in 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 Technology Operating Efficiency

The second sensitivity performed in the screening analysis involved the heat rate
associated with each technology, referred to by Cummins & Barnard as the base heat rate.
Decreasing (or increasing) the base heat rate represents a better (or worse) than expected

efficiency of the operating facility over that expected during the design phase. A + 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 Fuel Cost

The third sensitivity conducted in the screening analysis considers the cost of fuel
consumed by each technology. The Companies develop 30-year base fuel forecasts for all fuels
that are to be used at existing plants. Sensitivity fuel forecasts are then developed depicting nigh
and low fuel cost scenarios. These fuel forecasts are used for the technologies that utilize coal and
natural gas. For the other technologies, the fuel costs are estimated based on research or data
provided by Cummins and Barnard. The fuel costs utilized for each technology screened for the

base and sensitivity fuel forecasts and are shown in Exhibit 3.

6.4 CO; Emissions

Two alternatives to the base case were evaluated regarding the impact of CO; emissions.
Starting in 2012, both intermediate and high CO; emissions allowance costs were added to the fuel
costs of each technology affected by potential CO; legislation in a similar manner to that for SO,
and NOy. The CO, allowance prices utilized in these scenarios are based on proposed legislation

and are shown in Exhibit 2(b).

7.  RESULTING SCENARIOS

The 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 must be
evaluated. Two additional analyses were performed utilizing the intermediate and high CO; cost
adders as discussed above. These analyses each produced an additional 27 combination of cases
to be evaluated.

Exhibit 2(a) shows the cost {capital, fixed O&M, and variable O&M) and base heat rate
information associated with each of the previously described technologies operating at 88°F. All

technologies evaluated in this analysis are shown in this exhibit.

8. SCREENINGANALYSIS

The least-cost operation of the technologies presented in this study occurs over
significantly different capacity factors. Therefore, an analysis that compares the total cost for each
technology as a function of capacity factor is required. As previously discussed, the cost data for
all technologies in this analysis originate from Cummins & Bamard or were derived based on
information and/or cost estimates received by the Companies. All technologies listed in Exhibit
2(a), regardless of viability or technical maturity, were evaluated over a 30-year planning period in
all 27 cases for both the base case analysis and the alternative analyses with CQO» impact.

Several technologies were limited to maximum capacity factors based on design
characteristics of the option and their application to the Companies’ service territory. The 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 the technologies
supplied by Cummins & Barnard.

In general, conditions in Kentucky are not conducive to use solar power generation. This

is reflected in the low capacity factors associated with these technologies which ranged from 18 to
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65 percent.  The five solar technologies (thermal) are expected to perform from 20 percent
capacity factor for photovoltaic up to 70 percent capacity factor for a solar chimney. For solar
power, most of the installations have been in the western part of the United States where solar
radiation levels enable economic installation. For the Midwest, solar radiation levels are not ideal
for 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 in eastern
Kentucky.

The two hydro options, one supplied by Cummins & Barnard as part of the supply side
screening alternatives, and expansion of the Ohio Falls Station were limited to 40 percent and 30
percent capacity factors, respectively. These limitations were based on the projected energy
received from these run-of-the river projects.

Due to limitations in fuel supply, the MSD, RDF, LFG, and sewage sludge options 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 135 percent capacity factor

as it would run only during peak periods.

9. LEVELIZED SCREENING METHODOLOGY AND

RESULTS

9.1 Base Analysis

A 30-year levelized cost methodology was utilized in the base analysis. An annual total
cost comprised of capital, fixed O&M, variable O&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 $/kW at varying capacity factors were compared and least-cost
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technologies at each capacity factor increment were determined. Levelization allows for the cost
of each technology to be compared over the 30-year life of each project 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
information, which when utilized in conjunction with Exhibits 2 and 3, allow replication of the
results presented here. Exhibit 4 provides a complete source of equations used in the levelization
process. Exhibit 5 provides miscellaneous information referred to within the equations of Exhibit
4 in addition to the Adjusted 30-year Levelization Factor (Adj. Ly) for the cost components that
are escalated at constant rates such as O&M, capital, and energy storage charging costs.
Adjusted Lns for the sum of fuel costs and emissions allowance costs can be determined in a
similar manner.

Using the equations of Exhibit 4 and data contained within Exhibits 2(a)-2(b), Exhibit 3,
and Exhibit 5, the total 30-year levelized cost ($/kW-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 Exnbit 6. Least-cost technologies over all ranges of capacity factors have been
identified at the bottom of each case exhibit and are shaded in the tables. Technology capacity
factors shown in pages | through 27 of Exhibit 6 were limited to the maximum allowed by the
technology and/or environment in 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 the 27 cases have been summarized in Table 2.
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Table 2
Least-Costly Technologies
In At-Least One Sensitivity Case

Supercritical Pulverized Coal Unit, High Sulfur - 750 MW
3x1 GE 7FB Combined Cycle Combustion Turbine
Geothermal

Kalina Cycle Combined Cycle Combustion Turbine

Wind Energy Conversion

GE 7FA CT Simple Cycle Combustion 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 the variable costs (fuel and variable O&M).

Identifying not only the least cost technologies, but also the second least cost and even the
third least cost further enhances the results of this analysis. First, second, and third least-cost
technology identification is justified by the fact that the $/kW-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 increment in 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 Combustion 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 Falis 9 & 10

Siemens 5000F Combined Cycle Combustion Turbine
Pumped Hydro Energy Storage

Subcritical Pulverized Coal Unit — 500 MW
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The 12 different technology types and sizes specified between Tables 3 and 4 are those, at
first glance, that appear to deserve consideration in detailed computer models. However, this list
must be examined further before selecting technologies to pass onto the detailed analysis. As
previously stated, there are 891 “opportunities” for each technology to be identified as one of the
first three least cost options. Table 4, identifies how many occurrences a technology appeared as
either first, second, or third least cost options over any capacity factor range. All technologies not
identified within Table 4 failed to appear as one of the top three least-cost options in any of the
cases identified.

Table 4
The Frequency of Occurrence of Each

Technology as First, Second or Third Least Cost

# Occurrences

Ist 2nd 3rd Total Technology Name
111 51 14 176  Supercritical Pulverized Coal, High Sulfur - 750 MW
0 102 58 160  Supercritical Pulverized Coal - 750 MW
68 49 11 128 Combined Cycle 3x1 GE 7FB CT - Intermediate Load
0 34 66 100 Combined Cycle 2x1 GE 7FA CT - Intermediate Load
50 7 18 75 Geothermal - 30 MW
0 0 65 65  Subcritical Pulverized Coal, High Sulfur - 500 MW
} 26 24 51 Kalina Cycle CC CT - 282 MW
40 5 2 47  Wind Energy Conversion - 50 MW
27 0 0 27 Simple Cycle GE 7FA CT - Peaking Capacity
0 14 6 20 Ohio Falls 9-10
0 0 16 16 Siemens 5000F CC CT - Intermediate Load
0 9 6 15 Pumped Hydro Energy Storage - 500 MW
0 0 il 11 Subcritical Pulverized Coal - 500 MW

Table 4 shows that the 750 MW Supercritical Pulverized Coal, High Sulfur unit was
selected 176 times as the first, second, or third least-cost technology while the Pumped Hydro
Energy Storage was selected only fifteen times. Table 4 provides a good starting point for further
reducing the 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 11 least cost technologies. They are a 750 MW supercritical high-sulfur pulverized
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coal unit, a 750 MW supercritical pulverized coal unit, a 500 MW subcritical high-sulfur
pulverized coal unit, and a 500 MW subcritical pulverized coal unit. Of these, only the 750 MW
high sulfur unit ranks first among least cost generation alternatives in any of the sensitivity
scenarios and therefore, it is the only coal unit recommended for further analysis.

The GE 7FA simple cycle combustion turbines will be considered for further optimization
analysis as it is the only simply cycle configuration among the least cost alternatives. In addition,
both the 3x1 and 2x1 GE 7F combined cycle combustion turbine configurations are considered for
further optimization analysis. However, the Siemens 5000F option is eliminated as a redundant
and lower ranking option as it only ranks third a total of 16 times. As stated previously in this
report, the Kalina Cycle CCCT is only in developmental stages and is not commercially available
Therefore, even though it shows up among the least cost generation alternatives, this option is not
evaluated further.

Although it was not the least-cost technology in any of the sensitivity cases, the expansion
of the Ohio Falls hydroelectric 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 opportunities as another “green” alternative.
However, both the geothermal and the pumped hydro energy storage options are eliminated as
there are no suitable resources in Kentucky for these options to be developed into a power

generation project.

9.2 Alternative Analyses with CO; Impact
As previously described, two separate analyses were performed to evaluate the impact of
CO» legislation on the outcome of the screening analysis. The same sensitivities (variability of

capital cost, heat rate, and fuel cost) were performed in these analyses as were performed in the
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base case analysis which excluded any costs for CO, emissions. After implementing CO,
allowance prices at intermediate and high levels as shown in Exhibit 2(b), the least-cost
technologies in at least one sensitivity case over any capacity factor range were determined just as
in the analysis previously presented.

As mentioned for the base analysis with only NOy and SO, emissions, by using the
equations of Exhibit 4 and data contained within Exhibits 2(a)-2(b), Exhibit 3, and Exhibit 5 {with
the addition of CO, adders applied simnlarly to that of NOy and SO-], the total 30-year levelized
cost ($/kW-yr in 2007 dollars) of each technology was calculated for each capacity factor
increment with both the intermediate and high CQ, price forecasts. The results of this process are
similar to that of the base case using the high price forecast and the results using the high CO,
price forecast are shown in pages | through 27 of Exhibit 8. Least-cost technologies over all
ranges of capacity factors have been identified at the bottom of each case exhibit and are shaded in
the tables. Technology capacity factors shown in pages | through 27 of Exhibit 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.



Table 5
Least-Costly Technologies
In At-Least One Sensitivity Case

Base Case CO, EA Prices
No CO» Intermediate High Technology
N v N Supercritical Pulverized Coal, High Sulfur - 750 MW
\ v v Combined Cycle 3x1 GE 7FB CT - Intermediate Load
v \ v Geothermal - 30 MW
\ V N Kalina Cycle CC CT - 282 MW
v v v Wind Energy Conversion - 50 MW
v N v Simple Cycle GE 7FA CT - Peaking Capacity
v Pumped Hydro Energy Storage - 500 MW
N Hydroelectric - New

Table 5 shows that the least cost technologies remain the same with the intermediate COa
emissions prices as compared to the base case. With high CO; emissions prices, pumped hydro
energy storage and new hydroelectric are included among the lowest cost technology options.

Table 6 identifies those technologies that were either identified as a second or third least-
costly technology in the scenarios including CQO, emissions costs as compared to the base case.
This shows that the technologies remain the same, with the exception of adding the new

hydroelectric option, when the high CO, allowance price forecast is considered.
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Table 6
Second and Third Least-Costly Technologies
In At-Least One Sensitivity Case

Base Case CO» EA Prices

No CO; | Intermediate High Technology
V \ v Supercritical Pulverized Coal, High Sulfur - 750 MW
V v N Supercritical Pulverized Coal - 750 MW
v N v Combined Cycle 3x1 GE 7FB CT - Intermediate Load
V v v Combined Cycle 2x1 GE 7FA CT - Intermediate Load
\ \ \ Geothermal - 30 MW
\ V v Subcritical Pulverized Coal, High Sulfur - 500 MW
v v v Kalina Cycle CC CT - 282 MW
\ V v Wind Energy Conversion - 50 MW
v V v Ohio Falls 9-10
V v v Siemens S000F CC CT - Intermediate Load
v V \ Pumped Hydro Energy Storage - 500 MW
\ v v Suberitical Pulverized Coal - 500 MW

V 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
compared to the base case, with the exception of slight changes to the order and number of

QCeurrences.
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# Occurrences

1st 2nd 3rd Total

Table 7
The Frequency of Occurrence of Each

Technology as First, Second or Third Least Cost

80 79
0 71
66 35l
0 32
76 7
7 27
0 0
41 4
27 0
0 15
0 11
0 0
0 0

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 CO, emissions allowance
prices. Including the high CO allowance price forecast has only a minor impact as compared to
the base case.
occurrences, the geothermal option ranks as least cost significantly more and new hydroelectric is

included, as previously mentioned. Given the scarcity of available resources for these options,

15
85
15
66

(¥4

In addition to further inconsequential changes to the order and number of

With Intermediate CO; Prices

Technology Name

174 Supercritical Pulverized Coal, High Sulfur - 750 MW
156 Supercritical Pulverized Coal - 750 MW
32 Combined Cycle 3x1 GE 7FB CT - Intermediate Load

98
94
51
48
47
27
24
18
15
7

Combined Cycle 2x1 GE 7FA CT - Intermediate Load
Geothermal - 30 MW

Kalina Cycle CC CT - 282 MW

Subcritical Pulverized Coal, High Sulfur - 500 MW
Wind Energy Conversion - 50 MW

Simple Cycle GE 7FA CT - Peaking Capacity

Ohio Falls 9-10

Pumped Hydro Energy Storage - 500 MW

Siemens 5000F CC CT - Intermediate L.oad
Subcritical Pulverized Coal - 500 MW

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 CO; Prices

# Occurrences

1st 2nd 3rd Total Technology Name

39 108 13 160 Supercritical Pulverized Coal, High Sulfur - 750 MW
0 35 109 144 Supercritical Pulverized Coal - 750 MW

58 53 24 135 Combined Cycle 3x1 GE 7FB CT - Intermediate l.oad
16 6 10 132 Geothermal - 30 MW

0 25 71 96 Combined Cycle 2x1 GE 7FA CT - Intermediate Load
1r 31 1t 53 Kalina Cycle CC CT - 282 MW

43 6 | 50 Wind Energy Conversion - 50 MW
19 10 29 OhioFalls 9-10

0 0 27 Simple Cycle GE 7FA CT - Peaking Capacity
13 11 25 Pumped Hydro Energy Storage - 500 MW

0 17 17 Suberitical Pulverized Coal, High Sulfur - 500 MW
0 14 14 Siemens S000F CC CT - Intermediate Load
|
0

3 6 Hydroelectric - New - 30 MW
3 3 Suberitical Pulverized Coal - 500 MW

— 1
onmoo—Yo

In general, the least cost technologies are consistent regardless of whether CO; emissions
are not limited (as with the base case) or whether CO, emissions allowances prices are forecast at
the intermediate or high level. The 750 MW Supercritical Pulverized Coal, High Sulfur is the
lowest cost technology alternative with the highest ranking in all cases, confirming its selection as
the coal option to be further analyzed. The only additional technology ranking third or better in
any scenario as compared to the base case is the inclusion of new hydroelectric with the 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 m Table 9 are

recommended for further analysis in the optimization studies using Strategist®, a detailed

36



modeling program. The technologies identified will provide a diverse set of alternatives to be
evaluated in production and capital costing computer models. Exhibit 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®

Supercritical Pulverized Coal Unit, High-Sulfur, 750 MW
3x1 GE 7FB Combined Cycle Combustion Turbine

2x1 GE 7FA Combined Cycie Combustion Turbine

Wind Energy Conversion

GE 7FA CT Simple Cycle Combustion Turbine

Ohio Falls 9-10 Hydro Units
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Appendix A



Technologies Screened

Exhibit 1

Tech. ID  Technology Description Category Sub-Category Fuel Type
1 Pumped Hydro Energy Storage - 500 MW Slorage Pumped Hydro Charging Only
2 Load-Acid Battery Encrgy Storage - § MW Slorage Battery Charging Only
3 Compressed Air Energy Storage - 500 MW Storage Compressed Air Gas and Charging
4 Simple Cycte GE LMBG00 CT -~ Peaking Capacily Natural Gas 8CCT Gas
5 Simple Gycte GE 7EA CT - Peaking Capacily Natural Gas SCCT Gas
8 Simple Cycle GE 7FA CT - Peaking Capacity Natural Gas SCCT Gas
7 Combined Cycle GE 7EA CT - Intermediale Load Nalural Gas CeeT as
8 Combined Cycla GE 7FA CT - Intermediale Load Naturai Gas CCCT Gas
9 Combined Cycle 2x§ GE 7FA CT - Intermediate Loat Natural Gas CCCY Gas
10 Combined Cycle 3x1 GE 7FB CT - intermediate Load Natural Gas CCCY Gas
11 Siemens 5000F CC CT - Inlermodiate Load Nalural Gas CCCT Gas
12 Humid Air Turbine Cycle CF - 366 MW Nalural Gas CCCT Gas
13 Kalina Cycte CC CT - 282 MW Natural Gas CCCT Gas
14 Cheng Cycle CT - 140 MW Natural Gas CCCT Gas
15 Peaking Microlurbine - 0.03 MW Natural Gas o33 Gas
16 Baseload Microturbine - 0 03 MW Natural Gas cT Gas
17 Subcritical Pulverized Coal - 260 MW Coal Pulverized Coal Coal
18 Subcritical Pulverized Coal - 500 MW Coal Pulverized Coat Coal
19 Suheritical Puiverized Goat, High Sulfur - 550 MW Coat Pulverized Coal Coal
20 Cireulating Fluidized Bed ~ 250 MW Coal Fluigizet Bed Combustion Coal
21 Circulating Fluidized Bed - 500 MW Coal Fividized Bed Combustion Caal
22 Supercrilicat Pulverized Coal - 500 MW Caoal Pulverized Ceal Coal
23 Supercriticat Pulverized Coal. High Sulfur - 500 MW Coat Pulverized Coat Coa!l
24 Supercritical Puiverized Ceal - 750 MW Cual Pulverized Coal Coal
25 Superesitical Pulverized Coat High Suifur - 756 MW Ceal Puaverized Coal Coal
26 Pressurized Fluidized Bed Combustion Coal Fluidized Bod Combustion Coal
27 x1iGCC Coal iGCC Coal Gasification
28 2x1iGCC Coat 1GCC Coal Gasification
prac] 2% 1 1GCC, High Sulfur {Cost IGCC Coal Gasification
30 Suberitical Pulverized Coat - 500 MW - CCS Coal Pulverized Coal Coai
3 Suberitical Pulverized Coal. High Sulfur - 560 MV - CCS Coal Pulverized Coal Caal
32 Cirgulating Fluidized Bed - 500 MW - CCS Coal Fluidized Bed Combustion Goal
a3 Supercriticat Pulverized Coal - 500 MW - CCS Coal Pulverized Coal Ceal
34 Supercritical Pulverized Coal. High Sulfur - 500 MW - CCS Coat Pulverized Coat Coat
35 Supercritical Pulverized Coal - 756 MW - CCS Coal Pulvarized Coal Coal
36 Supercritical Pulvarized Coal High Sulfur - 750 MW - CCS Coal Pulverized Coal Coal
ar 1x1IGCC » CCS Coal IGCC Coat Gasification
38 2% 1GCC - CCS Coal IGCC Coal GasHication
» 2x1 IGCC. High Sulfur - CCS Coat IGCC Coal Gasification
40 Wind Energy Conversion - 50 MW Renewable Wind No Fuel
41 Geothermal - 30 MW Renewable Geothenmal Rencw
42 Solar Photlovaliaic - 50 kW Ranewahle Solar No Fuel
43 Solar Thermal Parabolic Trough - 100 MW Rengwable Sofar Na Fuel
44 Solar Thermal. Parabolic Dish « 12 MW Renewabie Soiar No Fuel
45 Solar Tharmal. Central Receiver - 50 MW Renrewabie Solar HNo Fuel
46 Solar Thesmal Solar Chimnay - 50 MW Rengwable Splar Np Fuet
47 MSW Mass Burn -7 MW Waste To Energy MEW MEW
48 RDF Sioker-Fired - 7 MW Waste To Enesgy RDF ROF
49 Landfi Gas IC Engine - 5 MW Wasle To Energy LFG Landfil Gas
50 TOF Multi-Fuel CFB (10% Codfire) - 50 MW Waste To Energy TRF 10% TOF 1 90% Coal
5% Sewage Sludge & Ananrobic Digeslion - 085 MW Wasle To Energy 85 No Fuet
52 Bio Mass (Co-Fire) Wasle To Energy Blo Mass 10% Renew / 90% Coal
53 Maoltan Carbonale Fuel Celf - 300 kW Naturat Gas Fuet Cell Gas
54 Spark Ignition Engine - 5 MW Naturat Gas Reciprocating Engine Gas
&5 Hydroglectric - New - 30 MW Rengwable Hydre No Fye!
200 Ohic Falls 9-10 Renewable Hydro No Fuet

CADocuments and Settings\N093436\Deskiop\IRPWelume #\D2_Supply_Side_Analysis, Exhibits xls
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Exhibit 2(b)

Emissions Allowance Prices

S0, $iton NO, $iton CO, $iton
Intermediate High
2007 457 088 0.00 000
2008 457 288 0.00 000
2009 455 851 000 000
2010 480 2,366 000 .00
2011 624 2,369 0.00 0.00
2012 649 2,372 461 4071
2013 673 2,274 515 43 50
2014 733 2,250 5.73 4507
2015 794 3,098 6.30 5132
2016 855 3,002 704 5308
2017 918 3,086 792 54.36
2018 977 3,122 896 55.91
2019 1,038 3,149 979 57 35
2020 1,096 3,177 10 42 59.20
2021 1,160 3,250 11.06 60.81
2022 1,221 3,282 11.70 62.30
2023 1,282 3,281 12.46 63 94
2024 1,343 3,123 1324 66.03
2025 1,404 2,970 14.06 6771
20286 1,431 3,026 14.92 69 40
2027 1,458 3,084 15 .83 7171
2028 1,486 3,143 16.77 7358
2029 1,514 3,202 17.72 7549
2030 1,543 3,263 18 .85 77.88
2031 1,572 3,325 19.21 79.37
2032 1,602 3,388 19.57 80 88
2033 1,632 3,453 1994 8242
2034 1,663 3,518 20.32 B83.98
2035 1,695 3,585 20.71 8558
2036 1,727 3,653 2110 87 .20

Example calculation of SO, adder:

{NC, and CO, adders are caculaled similarly)
tising Supercritical Pulverized Coal Unit - High Sulfur, 750 MW
S0, Emission Rate = 0.08 Ib SO, / mmBTU

2007 SO, $/Ton = $457

2007 SCPC-HS 0.09#80, * 457 5 * 100 Cents  * 1 ton S0,
50, Cost Adder mmBtu Ton S0, 3 2000 #

i

2007 High Sulfur
S0, Cost Adder

i

21 cents/mmBtu

C\Documents and Settings\N0934 36\Deskiop\IRPWolume IIND2_Supply_Side_Analysis_Exhibits@Eneration Planning
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Exhibit 4
LEVELIZATION EQUATIONS
USED IN TECHNOLOGY SCREENING

The total levelized cost of a particular technology in a specific year at a specific capacity factor is
comprised of (at most) five separate components. The five possible components are levelized capital
cost, levelized fixed cost, levelized variable cost, levelized fuel cost and levelized charging cost. The
actual components utilized in calculating total levelized cost vary from technology to technology. For
example, some technologies may exclude the charging component while others exclude the fuel
component. Basicaily, technologies fall into four categories: Those that

| Burn fuel only (i.e. Pulverized Coal, Gas Turbine)

It Burn no fuel and utilize no “grid” energy {i.c. Solar, Wind)

ML Burn no fuel but utilize “grid” encrgy for charging (i.¢ Batiery, Pumped Hydro)
V. Burn fuel during gencration and utilize “grid” encrgy for charging (i ¢. CAES)

A levehization factor (L,) converts a series of payments that are made over “n” periods and subject to a
constant apparent cscalation rate into an equivalent levelized payment stream and is calculated as follows:

Lo=k(1-k" n = number of years = 30
an ( 1 'k)
k=1l+eg, ¢, = apparent gsc raie including inflation and real
] +1 cscatation {i.c., VO&M = 2.0%). Sece Exhibit 5.
a,={1+1-1 i = Discount Rate = Present Value Rate = 7 14%
("

Adj L, = Ln'((I + eil)

The screening analysis utilizes the Adj L, The Adj. L, makes adjustments for beginning/ending year
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 component does not ufilize an Adj. L, for
levelization because it is levelized through a Fixed Charge Rate (FCR).

Definition of Variables:

Vartable Definition (Units) Source
Year = levelized Year - Base Year Exhibit 5
Inst Cost = Installed Cost or Total Generic Unit Cost ($/kW) Exhibit 3
FCR% = Fixed Charge Rate (%) Exhibit 5
Cap Esc% = Capital Escalation Rate (%) Exhibit 5
FO&M = Fixed Q&M (§/kW) Exhibit 3
VO&M = Variable O&M {$/MWh) Exhibit 3
Fix Esc = Fixed O&M Escalation Rate (%) Exhibit 5
Var Fsc = Variable O&M Escalation Rate (%) Exhibit 5
Fix Adj L, = Fixed O&M Levelization Factor Exhibit 5
Var Adj L, = Variable Q&M Levelizalion Faclor Exhibit 5
Fuel Adj L, = Fuel Cost Levelization Factor Base Fuel Only; Exhibit 5
Charge Adj L, = Charging Cosi Levelization Factor Exhibit 5
CF% = Capacity Factor (%) 0-100 %
MW = Size of Technology (MW) Exhibit 2 (a)
HR = Heat Rate (Btw/KWh) Exhibit 2 (a)
FC = Fuel Cost (§/MB1u) Exhibit 3
Avg L4 IO = Average Load (kWh In/kWh Out) Exhibit 2 {a}
Charge = Charging Cost ($/MWh) Exhibit 5
50, = SO, Adder (Cems/MBiu) Exhibit 2(b)
NO, = NGO, Adder {Cents/MBtu) Exhibit 2(b)
£0, = CO, Adder (Cents/MB1u) Exhibit 2(b)



Exhibit 4 (cont.)
~ Cost Components of Technologies that:

1. Burn Fuel Only

Capital = Inst Cost x FCR % x {1+ Cap Esc%) ™"
Fixed = FO & M x (1 + Fix Esc%) ™" x Fix Adj L,

(VO & My x (1 + Var Esc%) "™ x CF%x 876034 x mw
T Yea x Var Adj L,
4
mw x1000KW/

Variable =

MW <1000 KW/ 8760 HIS/, % CF%x HRx{FC + SO, + NO_ + CO, )
Fuel = MW A’eai - : — x Fuel Adj L,

) KW/ (o) BTU
Mw x1000KW/ < (10)° BTU/ o

2. Burn No Fuel and No Charging Energy

Use Capital, Fixed and Variable Equations from above.

3. Burn No Fuel but Utilize Charging Energy

Use Capital, Fixed and Variable Equations from above and Charging.

Avg Ld 10 x Chargex MWV <8760 H’%em- x CF %

Charging = .
s MW x1000KW/

x Charge Adj L,

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 Cents/MBtu)

i IERA [ | i, 2115 |Bose Yr (SIMWh) charging cost
Cumulative Cumulative Cumuiative 1.72%]Charging Esc.
F O&m vV OaM Capltal Cost
Yoar Esc Esc Esc Charghng
2007 1000 1000 1000
2008 1017 1017 1021
2009 1035 1035 1042
2010 1452 1052 1064
201 19070 1670 1087
2012 1089 1089 1110
2013 1107 1107 1133
2014 1126 1426 1487
2015 1 46 134G 1181
2016 1165 1165 1.206
207 1185 1185 1831
2018 1206 1206 1257
28 1226 1226 1283
2020 1247 1247 1319
2021 1269 1269 1338
2022 1291 129 1366
2023 143 1313 1394
2024 1335 1335 1424
2025 1358 1358 1454
2026 1381 133 1484
2027 1405 1405 1515
2028 1428 1429 1547
2029 1454 1 454 1 580
2030 1479 1474 1613
2031 1504 1504 1647
203z 1630 1530 1681
2033 1556 155 1717
2034 1583 1 583 17563
2035 1610 1610 1768

2036 1637 1637 1827

Fuel Notes:
6107 Fuel Forecast Used All fuel prices in cenls per mifiion Biu wilh the exception of charging which is in $/MWh
Charging cost base upon average cost of off-peak generalion

Fixed Variable Capltal Charging
Base Yooar = : - L .
Levellzed Year = ’ T o
Ea= 1 72% 172% 210%
PV Rate {i} = e ) o
[ 09431 09431 0 9467
n= Klsi o - .
Ansi 114190
Ly= - 120 1201 1.254
AdiL, = 1181 1.181 1.229
Input
Not an npul
Caloulaled

Change "t.evelized Year io year desired for "Snapshol” year analysis
Change ™" to 1 for "Snapshat” year analysis and 36 for levelized analyis

Fixed Charge Rates by Technology

Coal 9 51%
Simple Cycle CT 10 59%
Combined Cycle CT 9 39%
Other 997%

CADocuments and Seltings\ND93436\DeskiopIRP\Woleme HWD2 Supply Side Analysis_Exhibits xls Generalion Planning



Exhibit 6

30-Year Levelized Cost
for All Technologies over
All Capacity Factors



Exhibit 6

Levelized Dolfars at Various Capacity Factors With SO2 Adders, without COZ Adders, and with NOx Adders

Caphtal Cost- Base 2007 (SIkW yr}
Heat Rote- Base
Fupl Forecast- Base Capacity Factors

Technology 0% 10% 20% Y 40% 50% 60% TH% 80% 80%  100%
Pumped Hydro Energy Storage - 500 MW 147 210 273 - — o — - [ — [
L ead-Acid Ballery Energy Storage - 5 MW 221 279 RB7T - — e e —— — — ——
Compressed Air Energy Storage - 500 MW 140 23 323 - e -— wnm nana s —en

Simpie Cycle GE LMBO0D CT - Peaking Capacity
Simple Cycle GE TEA CT - Peaking Capacily

Simple Cycle GE TFA CT - Peaking Gapacity
Combined Cycle GE 784 CF - Inlermediate Load
Combined Cycle GE 7FA CT - Inlermediale Loac
Combined Cycle 2x1 GE YFA CT - Inlermediate Loat
Combinad Cycle 3x1 GE 7FB CT - Inlermediala Loac
Siemens S000F CC CT - Intermediate Load

Humid Air Turbine Cycle ©T - 366 My

Kalina Cycie CC CT ~ 282 MW

Cheng Cycle CT - 140 MW

Paaking Microlurhine - 0.03 MW

290 4G8 526 644 T62 880 jisli 1116 1234 1352
267 405 H4d4 683 B21 860 1089 1237 1376 1515
227 a5% 476 80C1 725 B850 975 1089 1224 1349
273 354 436 518 599 681 763 Bdd 926 1008
215 267 158 430 51 572 644 718 786 856
264 338 407 478 549 620 592 783 834
245 318 386 457 528 598 669 739 810
277 349 421 492 564 635 o7 KL as0
333 434 535 635 736 B37 937 1038 -

268 329 390 452 513 574 636 697 -

st i) 373 447 521 545 669 742 816 e

597 738 gva

Baseload Microturbine - 0 03 MW 1B67
Subcriticat Pulverized Coal - 250 MW 352 374 395 544
Suberitica]l Pulverized Coal - 500 M 312 a ass 504
Suberilical Pulverized Coal, High Suffur - 500 MW 317 337 as7 497
Cireulating Fluidized Bed - 2560 MW 352 373 385 545
Circulating Fluidized Bed -~ 500 MW 314 336 357 507
Supercritical Pulverized Coal - 500 MW 319 334 359 499
Supercriticat Pulverized Coa! High Sulfur - 500 MW 322 42 361 496
Superertical Pulverized Coal - 750 MW 298 318 339 482
Supercritical Pulverized Coal High Sulfur - 750 MA 269 319 338 | 474
Prassurized Fluidized Bed Gombustior 436 4861 485 e
1x1 1GCC ags 407 427 ——
201 1G0T 347 366 386 [
2x1 1GCL, High Suliur 345 363 an2 -
Subcritical Pulverized Coal - 500 MW » CCE 555 585 618 830
Subcritical Pulverized Coai, High Sulfur - 500 MW - CCE 561 590 619 823
Cireulating Fluidized Bed - 500 MW - CCE 563 594 624 840
Supercritical Pulverized Coal - 500 MW - CGE 560 589G 618 814
Sugpercriical Pulverized Coal. High Sulfur - 500 MW - CCS 566 593 G621 615
Supercrilical Puiverized Coal - 750 MW - CCS 79%
Supezcrilica!l Pulverized Coal High Sullur - 750 MW - CCS 780
1x1{GCC - CCS -
2x1 16CE - CCE

2x1 1GCC High Suliur - CCS

Wind Enesrgy Conversion - 50 MW
Geolhermal « 30 MW

Salar Photovollaic - 50 kW

Solar Thermal Parabolic Trough - 100 MW
Soiar Thermal. Parabolic Dish ~ 12 MW
Solar Therma!. Central Receiver - 50 MW
Solar Thermat Solar Ghimney - 50 MW
IMsW Mass Burs - 7 MW

ROF Stoker-Fired « 7 MW

Landfll Gas IG Engine » 5 MW

TOF Multi-Fuel CFRB {10% Co-fire) - 50 MW
Sewage Sludge & Anaerobic Digestion ~ 085 MW
Bic Mass {GCo-Fire}

Motlen Carbonale Fuel Celi - 300 kW
Spark Ignilion Engine ~ 5 MW

Hydroelectric - New - 30 MW

Ohio Fails 9-10

676 672 568 663 656 1=
402 422 441 461 480 500 519
780 559 938 1017 1086 1176 -

442 —_— -—— v e —

Minimurn Levelzod SThW 175 237 225 357 377 386 416 435 435 428
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Exhibit 6

Levelized Dollars at Various Capacity Factors With $02 Adders, without CO2 Adders, and with NOx Adders

Capltal Cost-Low 2007 (S/W yr)
Heat Rate-low
Fug| Forecast-Low _ Capacity Factors
Technniooy 1% 0% 20% 30% 40% 50% 60% 70% B0% 90%  100%
Fumped Hydro Energy Storage - 500 MW 134 187 280 —— e - —— —— - ——s ——
Lead-Acid Battery Encrgy Storage - 5 MW 204 259 M7 - - naa o - rann o -
Compressed Alr Energy Storage - 500 MW 128 204 286 - rann o - ran e - e
Simpie Cycle GE LMGO00 CT - Peaking Capacity 158 243 329 414 439 585 GY0 755 841 926 0N
Simple Cycle GE TEA CT - Peaking Gapacily 118 216 3 412 530 608 708 an4 902 1000 1088
Simple Cycle GE 7FA CT - Paaking Capacily g4 182 270 358 446 534 B2z 710 798 LR 974
Combined Cycle GE 7EA CT - Intermediaie Load 1t 23 284 333 392 445 499 553 606 860 714
Combined Cycle GE 7FA CT - Intermediate Load 132 179 226 272 319 1686 413 480 507 553 600
Combined Cycle 2x1 GE 7FA CT - Inlermediale Load 112 159 208 252 299 s 393 440 4R7 533 4680
Combined Cycie 3x1 GE 7FB CT - intesmedizte Load 96 g T oo 421 467 513 580
Siemens SC00F CC CT - intermediate Load 124 | 218 406 453 500 547 594
Hurnid Air Turbine Cycle CT - 366 MW 123 168 254 3tg 385 480 516 581 646 72 -
Kalina Cycle CC GT « 282 MW 133 173 212 252 292 332 371 411 451 491 enn
Cheng Cycle CT - 140 MW 138 188 236 285 334 383 an 480 529 578 e
Feaking Microturbine - 0 03 Mw 398 517 o ——— ——- - e - e - —
Baseload Microturbine - 0 G3 MW 430 522 514 705 1ot Ba8 981 1072 1164 1256 1348
Suberitical Pulverized Coat - 250 MW 305 325 345 365 385 405 426 46 466 486 508
Sybcrilizal Pulverized Coal - 500 MW 267 287 307 3z7 347 as7 a7 407 427 447 467
Suberitical Pulverized Coal, High Suifur - 500 MW 272 291 Ky 3z2g 348 366 385 404 423 442 461
Circulating Fhadized Bed - 250 MW 303 323 343 364 3a4d 404 424 add 465 485 505
Ciciialing Fluidized Sed - 500 MW 289 289 369 329 348 369 380 408 430 450 470
Supercrilical Puiverized Coal - 500 MW 275 294 312 331 350 369 3By 406 425 444 462
Supereritical Fulverized Coal High Sulfur - 566 MW 278 296 314 333 351 369 387 406 424 442 460
Sugorcritical Pulvarized Coat - 750 MW 254 273 203 312 a3 35 k1] 389 408 428 447
Supercrilical Pulverized Coal. High Sulfur - 750 MW 258 274 282 310 328 4G1 419 436
Pressurized Fluidized Bed Combustion 364 g7 410 433 456 479 502 526 548 ——
11 1GGC 337 355 314 392 411 429 448 466 484 - o
2x11GCC 300 k] 337 355 3ta jiseel 410 428 A6 - —_—
2x1 iGCC, High Sulfur 299 316 333 350 367 385 402 419 436 —— ——
Suberitical Putverized Coal - 500 MW - CCE 475 507 536 564 593 622 851 680 705 737 766
Subcritical Pulverized Coal. High Suifur - 500 MW - CCS 485 513 541 568 586 623 650 678 Tos 732 760
Circulating Fluidized Bed - 500 MW - CCS 509 538 567 596 G625 654 683 T2 TA2 773 800
Suparctiticat Pulverized Coal - 500 MW - CUS 507 534 561 588 615 642 669 697 724 751 778
ISupescritical Pulverized Coat. High Sulfur - 500 MW . CC5 519 540 566 593 619 645 671 697 724 150 778
Supercritical Pulverized Coal - 750 MW - CCS 478 506 634 561 586 815 643 870 697 25 752
Supercrilicai Pulverized Coal. High Sulfur - 750 MW - CCS 482 508 534 G580 486 612 638 664 630 T16 742
%1 1GCC - CC8 488 510 532 654 576 505 6521 643 665 - ——
2x11GCT - CC8 442 464 486 508 530G 553 575 597 619 -~ -
2x3 1GCC. High Setfur - CCS 444 455 528 548 576 581 612 — e
Wind Energy Conversion - 50 MW 238 221 o e -
Geolhermal - 30 MW 443 439 426 421 414
Sotar Photovoltaic - 5G kW 672 622 - — o -
Solar Thermal Parabotic Trough - 100 Mw 421 422 —_ P e -—— o — mnmn —
Splar Thermal. Parabolic Dish . 1 2 MW 601 601 .- e — - —an — - e -
Solar Thermal. Contral Receiver « 50 MW 645 646 647 647 847 648 B47 - e e wnn
Solar Thermal. Sotar Chimney - 50 MW 533 533 £33 532 e . . e r— .
IMSW Mass Bum - 7 MW 1634 1610 1587 1563 1539 1515 1492 1468  -— e e
RDF Sloker-Fired - 7 MW 1499 1576 1653 1730 1807 1884 1961 2038 2115 - —
Landiil Gas IC Engine - 5 MW 422 445 469 492 516 539 563 585 610 633 -
TOF Multi-Fuel CFB (10% Co-fire) - 50 MW 451 473 485 517 538 560 582 604 825 647 659
Sawage Sludge & Anaerobic Digestion - 085 MW 627 623 519 614 610 605 601 595 688 1
Bio Mass {Co-Fire) 298 316 335 353 an 390 408 426 444 463 481
Molten Carbonate Fuel Cell - 300 kW 388 440 492 644 595 647 699 7651 BO03 655~
Spark Ignition Engine - § MW 3n3 440 496 653 610 GEY 723 780 aar 893 —
Hydroeiectric - New - 30 MW 409 463 398 392 384 - n — — o e
Ohlo Falis 8-10 279 273 267 255 - -—- e - eme s o
Minlmum Levelized SIhw 94 142 189 203 281 3z8 365 383 400 393 346
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Exhibit 6

Levelized Dollars at Various Capacify Factors With 502 Adders, without CO2 Adders, and with NOx Adders

Capitai Cost-Low 2007 (SIRW yr)
Heat Rate-l.ow
Fuel Forpcast- Base CapacHy Factors
Technology 0% 10%% 20% A% 40% 0% G0% 70% 80% 96%  100%
Fumped Hydro Energy Storage - 500 MW 134 197 260 ~— - o - o — ane -
Lead-Acid Batlery Energy Storage - § MW 2 258 N7 mne — ——— - e e e
Compressed Air Energy Storage - 500 MW i 217 367 - - o nnas — — o
Simple Cycie GE LMB00O CT « Peaking Capacity 158 2t aa5 498 611 725 B3B 951 1065 178 1201
Simple Cycle GE TEA CT - Peaking Capacily 118 251 385 1318 1451
Simple Cycle GE 7FA CT - Peaking Gapasity 213 333 1168 1287
Cambined Cycle GE 7EA CT - Intermediate ioad 177 255 333 879 957
Combined Cycle GE 7FA CT - Intermadiate Load 132 200 268 744 B12
Combined Cycte 2x1 GE 7FA CT - Intermediate Load 180 248 724 792
Combined Cycle 3x! GE 7FB CT - Intermediate Loat 16837 23 702 768
Siemens 5000F CC CT - intermediate Load 261 739 808
Hurmid Alr Turbine Cycla CT - 366 MW 218 315 986~
Kating Cycle GG CT - 282 MW 193 250 659 e
Cheng Cycle CT - 140 MW 209 280 T3
Paaling Microturbing - 0.03 MW 559 e = i~
Baseload Microturbing - 0 03 MW 564 599 1640 1774
Suberitical Pulverized Coat - 250 MW 325 346 489 £08
Suberitical Pulverized Coad - 500 MW 287 308 450 470
Subcritical Pulverized Coal, High Sulfur - 500 MW 2831 310 445 464
Circulating Fluidized Bed - 250 MW 324 344 488 508
Circulating Fluidized Bed - 500 MW 289 316 453 473
Supefcritical Pulverized Coal - 50% M 294 313 447 4668
Supercrilical Puiverized Coal High Sulfur - 500 MW 297 315 445 463
Supercritical Pulverized Cogl - 750 MW 274 293 433 450
Supereritical Pulverized Coal. High Sulfur « 750 MW 274 283 422 444
Pressurizer Fluidized Brd Combustion 38y 431 —~— —r
1x11GCC 356 375 nann o
21 1GCC 319 3ar nan —
2x11GCC, High Sulfur 316 334 - e
Sisberitical Pulverized Coal - 500 MW - CCS 507 537 741 T
Subcritical Pulvesized Goai, High Sulfyr - 500 MW - CCS 486 514 542 736 764
Circulating Fluidized Bed - 500 MW - CCS 509 530 568 775 8c4
Supergritical Pulverized Coal - 580 MW - CCB 807 535 562 755 782
Supetcritical Pulverized Coal. High Sulfur - 500 MW - CCB 514 541 8587 754 T80
Supeicritical Pulverized Coal - 750 MW - CCS 478 507 534 728 756
[Supercrilical Pulverized Coal. High Sulfur - 750 MW - CCS 482 508 535 720 746
11IGCC - CCS 488 510 533 —_ nann
2x4 1GCC - TS 442 464 487 — oo
2x1 1GCC. High Sullur - CCS 444 465 487 e —
Wing Energy Conversion - 50 MW 238 — R -—
Geothermal - 30 MW 443 426 421 414
Sotar Photovollaic - 50 kW 622 -— — -
Solar Thermat. Parabolic Trough - 100 MW 421 —_ — —— e [ — e
Solar Thermal. Parabelic Dish - 12 MW 501 e - - — o — pr
Solar Thermal. Centrai Receiver - 50 MW 645 647 848 LY — — e .
Sotar Thormal. Sefar Chimaey - 50 Mt/ 533 — e — — - — -
MSW Mass Bum « 7 MW 1634 1608 1582 1556 1530 1504 1478 1452 o - e
RDF Stoker-Fired - 7 MW 1499 1577 1656 1734 1613 1891 1970 4B 2127 e
Landfill Gas IC Enging - 5 MW 422 459 495 533 570 606 643 660 77 f-1 ——
TDF Mutti-Fuel GFB {10% Co-fre} - 50 MW 451 473 496 518 540 5a2 585 BOT 528 651 673
Sewage Sludge & Anaerobic Digestion - 085 MW 827 623 619 614 610 605 601 595 588 581
1Bit Mass {Co-Fire) 208 ny 335 354 ara 391 410 428 447 466 484
Molten Carbonate Fuel Cell - 300 k¥ 388 463 538 614 690 765 an 916 992 087 e
Spark Ignition Engine - 5 MW 383 468 552 637 T alels) 880 75 1060 1944 e
Hydroetectric - New - 3D MW 408 4903 388 382 B4 — — — — —-- e
Ohio Fas 9-10 279 213 267 259 e - een -omm e —-- e
Minimum Levelizad SIkW a4 163 216 203 330 348 357 345 400 393 386
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Exhibit 6

Levelized Dollars at Various Capacity Factors With S02 Adders, without CO2 Adders, and with NOx Adders

Caplial Cost-Low 2607 (SIRW yr)
Heat Rate-Low
Fuel Forecast- High Capaclly Factors

Tochnology 0% 10%  20%  d0%  40%  G0%  60%  70%  BO%  a9D%  100%
Pumpnd Hydro Energy Slgrage - 500 MW 134 197 280 e - o~ e - ——n — .
Lead-Acid Batlery Energy Storage - § MW 201 259 b [ — e e —— - —_ fo— e
Compressed Air Energy Storage - 500 MW 128 228 38— e —— - e - o —_
Simple Cycle GE LMB000 CT - Peaking Capacily 158 293 429 564 699 835 970 1105 1241 1378 1511

Simgle Cycle GE TEA CT - Peaking Capacily
Simple Cycle GE 7FA €T - Poaking Capatily

278 438 800 61 92% 1082 1243 1403 1564 1725
238 382 526 670 814 a58 1162 1246 3340 1534

Combined Cycla GE 7EA CT - Intermediale Load 177 274 371 468 564 661 758 855 a52 1049 1145
Combined Cycie GE 7FA CT - Inlermediate Load 132 217 3 286 470 555 638 724 B0B 893 978
Combined Cycle 2x1 GE 7TFA CT - Inlermediate Load 112 196 281 385 A5G0 534 618 703 787 B9 956
Combined Cycle 3x1 GE 7FR CT - Inlermediate Load BO: 263 347 430 514 598 681 765 849 932
SBiemens §G600F CC CT - inlermediate Load 324 203 284 379 463 548 633 T8 803 BB& 973
Humid Air Turbine Cycie CT - 366 MW 123 243 362 482 602 i B41 960 1080 1200
Katina Cycle CC CT - 282 MW 133 206 279 a5z 425 498 571 543 716 789 —
Cheng Cycle CT - 140 MW 139 226 34 401 489 576 664 751 839 926
Peaking Microturbine » 0 03 MW 308 592 - — —n —— e — e — e
fBaseload Microlurbine - 0 03 MW 430 598 765 933 1101 1269 1436 1604 1772 1940 2107
Subcritical Pulverized Coal - 350 MW 305 326 348 412 433 455 476 498 651G
Suberitical Pulverized Coal - 500 MW 287 288 30 373 395 416 437 459 480
Subcritical Pulverized Coat, High Sulfur - 500 MW &2 292 32 373 93 413 433 453 473
Circulating Fluidized Bed - 250 MW 303 325 346 411 432 454 475 497 518
Circulating Fluidized Bad - 500 MW 269 290 3z 376 397 419 449 462 483
Supercritical Pulverized Coal - 500 MW 75 295 315 375 3495 445 436 456 476
Supercritical Pulverized Coal High Sulfur - 500 MW 278 297 317 375 395 414 434 453 472
Supercrilizal Pulverized Cogt - 750 MW 254 275 285 57 3rg 398 418 440 460
Supercritical Pulverized Coal. High Sullur - 750 MW 256 278 205 63 2. 411 430 450
Pressurized Fluidized Bed Combustion 364 388 413 486 511 535 560 e -
1iGEC 337 a57 316 435 455 474 44— nrn
2x1 IGCC 3c0 320 339 359 378 398 417 437 456 —— o
2x1 IGCC, High Sulfur 299 317 335 354 arz 380 408 426 445 s o
Subcritica! Puiverized Coal - 500 MW - CCS 478 508 539 &70 600 63 662 892 723 753 784
Suneriticat Pulverized Coal, High Sulhur - 500 MW - CCS 486 515 544 573 602 631 660 689 718 747 T
Circutating Fluidized Bed - 500 MW - CCS 500 540 571 [t 632 663 6594 T2h 758 186 ki
Supercriticat Pulverized Geal - 500 MW - CCS 507 536 565 594 622 651 [3t:14] 706 738 767 785
Supercritical Pulverized Coal. High Sullur « 500 MW . CCS 514 542 569 597 625 653 680 708 736 764 791
Supercrilical Puiverized Coal - 750 MW - CCS 479 508 537 566 595 624 653 682 712 741 770
Supercrilicat Puiverized Coal, High Sulfur - 750 MW - CCS 482 510 537 566 6592 620 647 675 762 730 57
1x11GCC - CCS 488 512 535 559 a82 60D 629 653 676 —- —
1IGCC - CCS 442 4568 489 513 536 H60 £B3 507 830 - —
221 GGG High Swfur - CCS 444 533 556 578
Wind Energy Conversion - 50 MW 238 —en o —
Geothermai - 30 MW 443 426 421 414
Solar Pholovoilaic - 50 kw 622 e — o
Salar Thermal. Parabolic Trough - 100 MW 421 422 - o — — —— - —— — —
Solar Thermal Parasbolic Dish - 12 MW 601 601 ene - —-- — - e —- e -
Sotar Thermal. Central Receiver - 50 MW 645 646 647 647 647 648 647 - e —~ o
Sofar Thermal. Solar Chimney - 50 MW 533 533 533 532 - e —— n —— mn e
MEW Mass Burn - 7 MW 1634 1606 1577 154¢ 1521 1493 1464 1436 — e —
ROF Stoker-Fired - T MW 1483 1587 1664 1748 1828 181 1894 2076 2159 n
Landfili Gas iC Engine - 5 MW 422 459 517 564 611 659 706 753 B01 848 —
I0RF Mulli-Fuel CF8 (10% Co-fire) - 50 MW 451 474 488 521 545 5648 591 614 538 661 64
Sewage Sludge & Aracrobic [Ngestion - 0BG MW 627 623 619 614 610 605 601 505 588 8% v
Bio Mass (Co-Fire) 298 318 337 357 rs 396 415 435 454 473 493
Motten Carbonate Fuel Cell - 300 kW 388 482 576 669 763 B57 951 1045 1138 1232 —_
Spark Ignition Engine - § MW 383 489 506 702 808 914 1024 27 1233 1338
Hydroalectric - New - 30 MW 409 403 398 g2 3B e — —— —_ e —
Cihin Falis 9-10 279 273 267 L I — e - o - o —
Mintmam Levelized SIW 84 180 216 203 333 353 372 392 400 383 388
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Exhibit 6

Levelized Dollars at Various Capacily Factors With S0O2 Adders, without CO2 Adders, and with NOx Adders

Caplital Cost-Low 2007 (SIRW yr}
Heat Rale- Base
Fugt Forecast-Low Capaclty Faclors
Technology 0% 10% 20% 30% 40°% 50% 60% 70% 80% 96%  100%
Pumped Hydro Energy Storage - 500 MW 134 197 260~ e - e - e
ead-Acid Ballery Energy Storage ~ 5 MW 20 259 317 - —- - o - ——- e —-
Comprassed Air Energy Storage - 500 MW 128 205 283 - - e —— men - — -
Simple Cycle BE LM6000 CT - Peaking Capacity 159 247 335 423 511 599 687 775 863 951 1038
Simple Qycte GE 7EA CT - Peaking Capacity 119 220 322 423 524 626 727 B26 930 1031 1132
Simple Cycle GE 7FA CT - Peaking Capacity ok 186 218 369 460 552 643 T34 828 917 1008
Combined Cycla GE 7EA L7 - inlermediate Load 178 234 290 a7 403 459 515 571 627 684 740
Combined Cycie GE TFA CT - Intermediate Load 133 231 280 329 arg 428 477 526 575 624
Combined Cycie 2xt GE 7FA CT - intermediate Load 113 211 407 456 504 553 602
Combined Cyele 3x1 GE 7¥B C¥ - intenmediate Load 1 i 2338 388 438 485 833 582
Siemens B000F CC CT - Infermedinle Load 125 421 470 519 565 618
Humid Air Turbine Cycle C7 - 366 MW 124 536 G604 673 74t -
Kakna Cycie CC CT - 282 MW 134 384 425 467 508
Cheng Cycle CT - 140 MW 139 445 496 547 598
Poaking Microturhine - 0.03 MW 399 e - e - e
Baselpad Microturbing - G 03 MW 433 1299 1395
Subcrilical Pulverized Coal - 250 MW 305 494 515
Subcriticat Pulverized Coal - 560 Mw 267 456 477
Isuberiticat Pulverized Coald, High Suifur - 500 MW 272 449 468
GCircutating Fluidized Bed - 250 MW 303 494 515
Circulaling Fluidized Bed - 500 Mw 269 458 479
Supercrilical Pulverized Coal - 500 MW 275 452 471
Supercritical Puiverized Goal. High Sulfur - 500 MW 278 450 4G9
Supercritical Puiverized Coal - 750 MW 254 435 456
Supercriical Pulverized Coal High Sulfur - 750 Mw 256 427 446
Pressurized Fluidized Bed Combustion 364 — s
1%11GCC 337 nne .
21 GGG 360 s —_
2x11GCC, High Sulfur 299 — e
Suberiticat Pulverized GCoat - 500 MW - CCS 478 748 Tie
ESuberitical Pulverized Coal. High Sulfur - 500 MW - CCS 486 743 772
Circulating Fluidized Bed - 500 MW - CCS 504 782 B2
Supererilical Pulverized Coal - 500 MW - CCS 507 762 780
Supercrilical Pulverized Coal. High Sulfur - 500 MW - CCS 514 60 787
Supercritical Pulverized Coal - 760 MW - CCS 479 736 184
Supercrilical Puiverized Coal High Sulfur - 750 MW - CCS 482 726 53
1%% IGCC - CCS 486 —_ s
2x11GCC - CCS 442 — o
2x11GCGC. High Sulhy - CCS 444 5 rre —
Wind Energy Conversion - 50 MW 238 5 —
Geothermal - 3¢ MW 443 414
Solar Photovoltaic - 50 kW 622 822 - e -— v -
Solar Thermal, Parabolic Yrough - 100 MW 421 422 o~ —-- e S — —— ——— s -
Sotar Thermal. Parabalic Dish - 12 MW 601 603 - — e - o e - -
Solar Thermal. Central Receiver - 50 MW 845 646 647 647 847 648 647 e — - ..
Solar Thermas. Sotar Chimney -~ 50 MW 533 533 533 532 o — - —_— e —
MEW Mass Burn - 7 MW 1634 1607 1580 1554 1527 1500 1473 1446 — — s
ROF Stokes-Fired - 7 MW 1489 1580 1661 741 1822 1903 1984 2065 2446 — —-
Landlill Gas (T Engine - 5 MW 422 447 472 497 522 547 572 597 622 647 -
TIF Multi-Fuel CFB {10% Co-Tire} - 50 MW 451 474 447 520 543 566 589 B11 534 657 680
Sewage Siudge & Anaerobic Digestion - 085 MW 627 623 6198 615 610 606 602 596 589 6582 —
Bio Mass (Co-Fire} 208 vy 336 356 ars 304 413 432 451 471 490
Muolten Carbonate Fuel Cell - 300 kw 389 443 498 552 606 861 715 769 424 878
Spark Ignition Engine - 5 MW 385 445 504 564 624 B83 743 803 862 922 e
Hydroelectric - New - 30 MW 409 403 398 392 384 - nr e nnn e -
Chip Falls 8-10 279 273 267 258 -— o e v - v
T Hinimum Lovellized SIKW a5 145 194 203 291 339 376 389 400 393 386
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Exhibit 6

Levelized Dolfars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders

Capltal Cost-Low 2607 (SIkW yr)

Heat Rate- Base

Fuel Forecast- Base Capaclty Factors — -
Technology 0% % 20% 306% 40% 50% 60% 70% 80% 90%  100%
Pursped Hydro Energy Siorage - 530 MW 134 197 260 e [ v - - - e -
Lead-Acid Battery Energy Storage - 5 MW 201 258 N7 - — — - R — — —
Compressed Air Energy Storage - 500 MW 128 219 31t - —— -—- oo - e — e
Simple Cysle GE LM&000 CT - Peaking Capacity 159 277 395 513 63% 749 867 985 1103 1221 1338
Simpte Cycle GE TEA CT - Peaking Capacily 119 258 336 535 674 812 851 1090 1228 1367 1508
Simpie Cycle GE 7FA GT - Peaking Capacily T 220 344 469 594 718 843 968 1097 1247 1347
Combined Cycle GE 7EA CT - Intermadiate Load 178 260 341 423 505 588 668 750 831 213 995
Combined Cycle GE 7FA CT - inlermediale Load 433 204 276 347 419 490 561 B33 104 775 B47
Combined Cycie 2x1 GE 7FA CT - Intermediate Load 113 184 255 37 398 469 540 511 683 754 825
Combinad Cycle 3x1 GE 7FB CT - Intermediate Load i 238 309 379 450 521 591 662 732 803
Siemens 5000F CC CT - Intermediate Load 125 197 268 340 412 483 655 626 698 776 8d1
Humid Al Turbine Cycle CT - 366 Mw 124 225 325 425 527 G627 728 829 929 1030 —
Katina Cycle £G CT - 282 MW 1344 195 257 318 3ta 441 502 563 625 686
Cheng Cycle CT - 140 MW 138 213 287 361 435 5G9 583 557 730 B04 -
Peaking Microturbine - 0.03 MW 399 567 e — - - e e e —— e
Baseload Microturbine - G 03 MW 433 574 715 856 598 1139 1280 1421 1862 1703 1844
Subcritical Puiverized Coal - 250 Mw 305 326 3B 369 asb 411 433 A54 475 497 518
Suberitical Putverized Coal - BOD MW 267 288 3o kxhl 352 ars 385 4B 437 459 480
Subcritizal Pulverized Coal, High Sulfur - 500 MW 272 292 312 432 452 472
Circulating Fluidized Bed - 250 MW 303 323 346 475 497 518
Circulating Fluidized Bed - 500 Mw 269 280 312 440 462 483
Supercritical Puiverized Coal - 500 MW 275 285 315 435 455 475
Supercritical Puiverized Coal High Sulfur - 500 MW 278 287 317 433 452 471
Supercritica!l Pulverized Coal - 750 MW 254 275 205 418 439 459
Superctilicat Pulverized Coal. High Suifur - 750 MW 256 275 295 411 436 450
Pressurized Fluidized Bad Combustion 364 388 413 566 - nr
1%1 1GCC 337 as7 376 484 o -
2x1 1GCC 3no azo 339 456 e -
2x 1 iGCC, High Sutfur 299 v 335 445 e ——
Swberitical Pulverized Coal - 500 MW - CC5 478 500 530 723 753 784
Subcritical Pulverized Goat. High Sullur « 500 MW - CCS 488 515 844 718 747 777
Circutating Fluidized Sed - 500 MW - CCS 509 540 574 756 T86 817
Supercrilical Pulverized Corl - 500 MW - CCS 507 651 680 709 738 767 795
Supercrilicat Pulverized Coal High Sulfur - 500 MW - CCS 514 653 68D Fat):] 736 754 7
Suporcritical Pulverized Coal - 750 MW - CCS 479 624 653 682 T TAQ 169
Supereritical Pulverized Coal. High Sulfur - 750 MW - CCS 482 52C G647 575 702 T30 757
11 IGLC - CCS 488 605 529 652 675  —- wenn
2x1 IGCC - COS 442 559 583 BOB 529 - =
2x1 1GCC. High Sulfur - CCB 444 556 578 600 23 e e
Wing Energy Conversion - 50 MW 238 e —

Geothermal - 30 MW 443 421 414

Solar Photovallaic - 50 kW 622 —ar —

Sofar Thermal, Parabolic Trough - 100 MW 421 e - et m- —— e
Suolar Thermal. Parabolic Dist ~ 1 2 MW 601 e neen —— e — e
Solar Thermal. Central Receiver - 50 MW 645 648 647 e - e —
Setar Thermal. Soiar Chimney - 50 MW 533 e -—- ——— — e ———
MSW Mass Bum - 7 MW 1634 1488 1459 1430 - —
RDF Stoker-Firgd - 7 MW 1458 1940 1992 2075 2157 -~ —
Landfit Gas IC Engine - 5 MW 422 618 657 696 735 TPh e
TOF Mulll-Fuel CFB {10% Codire) - 50 MW 451 867 591 614 637 660 683
Sewage Sludge & Anaerckic Digestion - GBS MW 627 606 502 h96 589 582 e
Bio Mass (Co-Fee) 268 396 415 435 454 474 493
Malten Catbonate Fuel Cell - 300 kw 383 785 864 843 1022 102 —
[Spark tgnition Englne - 5 MW 385 830 919 1008 1097 1186 —
Hydroelectric - New - 303 MW 409 - - e - —_ o
Chia Fails 8-14 279 273 267 259 e o e - g ——em o

Minimum Levelized SIKW 95 168 216 203 333 353 372 g2 400 gl 386
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Exhibit 6

Levelized Doliars at Varlous Capacity Factors With 802 Adders, without CO2 Adders, and with NOx Adders

Capltat Cast-low ZGOT7 {SIW yr)
Heat Rate- Base
Fued forecast- High Capacily Factors _

Technelogy 0% 10% 20% 3% 0% 50% GO T0% BO% 0%  100%
Pumped Hydro Energy Slorage - 500 MW 134 197 280 — e - o —— e o -
ead-Acid Ballery Energy Storage - 3 MW 201 259 3T - e — o - . -
Crmpressed Air Energy Storage - 560 MW 128 231 333 - ream —- an - - - -
Simpie Cycle GE LMB00D CT - Peaking Capacily 159 300 440 581 722 B62 1003 1144 1284 1425 1566
Simple Cycle GE TEA CT - Peaking Capacily 286 454 1458 1625 1782
Simple Cycle GE 7FA CT - Peaking Capacity 5o 246 396 1300 1481 1602
Combined Gycle GE 7EA CT - Intermediale Load 178 280 381 991 1083 1195
Combined Cycle GE 7FA CT - Intermadiate Load 133 222 n 843 a3z 1021

822 910 999

Combined Cycie 2x1 GE 7FA CT - intermadiate Load 113 202 28C
Combined Cycle 3xt GE 7F8 CT - Intermediate Load

A
n
=y
£

846 BBE 975

Siamans 5000F GO CT - inlermadiale Load 303 838 27 1016
Humid Air Tesbine Cysla GF - 366 MW 124 250 3rh 1129 1265  —
Kalina Cycle CC CT - 282 MW 134 21% 287 Tar 824 —
Cheng Cycle CT - 140 MwW 139 23 323 B74 965 «—
Paaking Microlurbine - .03 MW 399 602 - nenn e [
Baseload Microlurbine - 0 03 MW 433 803 85 1842 2019 2195
Subcritical Pulvesized Coal - 250 MW 305 az7 350 484 507 529
Suberitical Pulverized Coat - 500 MW 267 289 312 445 468 480
Subcritical Pulverized Cowi, High Sullur - 500 84w 272 283 314 440 461 482
Circulating Fluidized Bed - 250 MW 303 326 348 484 5G7 529
Circulating Flultlized Bed - 500 MW 269 291 314 448 471 493
Supercritical Pulverized Coal - 500 MW 278 296 kkn) 443 464 485
Supercritical Pulverized Coatl High Sulfur - 500 MW 278 298 318 441 461 481
Supercritical Pulverized Coat - 780 MW 254 275 297 426 447 469
{5upereritical Putverized Coal. High Sullur - 750 Mw 256 276 296 418 438 458
Prassurized Fluidized Bed Combustion 364 390 415 569 e nmn
1x11GCC 337 357 378 398 419 439 480 480 541 e
251 1GCC 300 320 a1 361 382 402 423 443 464 - e
2u1 1GLC, High Sulfur 299 318 337 356 375 3e4 413 432 451 e —--
Subcriticat Pulverized Coal - 500 MW - CC5 478 510 542 574 606 638 670 To2 734 768 798
Subcritical Pulverized Coat, High Suliur - 500 MW - CCS 486 638 668 699 129 T80 740
Circuiating Fiuidized Bed - 500 MW - CCS 509 670 703 735 787 799 832
Supercritical Pulverized Coal - 500 MW - CCS 507 658 688 718 748 778 8CS
Supercritical Pulverized Coal. High Suifur - 500 MW . CCS 514 659 688 717 746 775 804
Supercritical Pulverized Coal - 750 MW - CC5 479 631 661 692 122 52 783
Supercriticat Pulverized Coat High Sulfur - 750 MW - CCB 482 826 G654 683 T2 741 769
1x11GCC - CCS 488 611 G36
2x11GCC - CCS 442 565 590
2x1 1GCC. High Sulfur - CCS 444 561 5B5
wind Energy Conversion - 50 MW 238 — —
Geothermal - 30 MW 443 421 414
Solar Pholovoltaic - 50 kW 622 — -
Seiar Thermal, Parabolic Trough - 100 MW 421 - e s —— o ——
Sotar Tharmal. Parabolic Dish - 1 2 MW 601 e - e - o e
Solar Thermal Central Receiver - 50 MW 645 648 647 oo o — e
Solar Thermal Solar Chimney - 50 MW 533 —— - — — —
MSW Mass Bumn - 7 Mw 1634 4TT 1445 414 — —
RDF Stoker-Fired - 7 Mw 1499 1931 2018 2104 219 - —-
Landfill Gas iC Engine - § MW 422 673 723 773 a23 B73 -
TOF Mulli-Fuei CFB (10% Co-fire) - 50 MW 451 573 598 622 646 871 695
Sewage Studge & Anaerobic Digastion - 085 MW 627 606 602 596 585 6B2 e
Bio Mass {Co-Fire) 288 401 421 442 162 482 503
{Mollen Carbonate Fuet Cell - 300 kW 385 882 980 10789 177 1276 —-
Spark lgniticn Eagine - 5 MW 3B5 497 609 720 832 844 1056 1168 1279 13 —-
Hydroelectric - New - 30 MW 4G9 403 398 392 o1 1 A -— e - e neme
Ohio Falls $-10 27% 273 267 258 e -—- e s e e
Minimum tevelized SIkW 85 185 216 203 337 57 377 388 400 393 386
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Exhibit 6

Levelized Dollars at Various Capacity Factors With S02 Adders, without CO2 Adders, and with NOx Adders

Capltal Cest-l.ow 2007 (SIRW yr)
Hea! Rate- High
Fuel Forocast-Low Capacity Factors

Technology 0% 10% 20% 30% A0% 80% 50% T0% 0% a0%  100%
Pumipad Hydro Energy Slorage - 500 W 134 197 260 - — — —— ——— — e
Lead-Actd Battery Enorgy Slorage -~ 5 MW 201 258 N7 e - - e — — -
Compressed Air Energy Slorage « 500 MW 128 207 286 e - — - nann —- o
Simple Cycle GE LMB000 CT - Peaking Capacily 160 251 343 434 525 617 708 199 891 o982 1073

Simpie Cycle GE TEA GT - Peaking Capacily

Simple Gycle GE 7FA CT - Peaking Capacily
Combined Cycle GE 7EA CT - Intermediate L.oad
Combined Cycle GE 7FA CT - Intermediale Load
Combined Cycle 2x1 GE 7FA CT - Intermediate Load
Combined Cyole 3x1 GE 7TFB C7 - intermediale Load
Siemens 5000F CC CT - Intermediate Load

225 331 436 541
191 285 3O 475
238 297 356 44
W5 236 288 339
185 216 288 319
44 [ i
178 228 281 333

963 1068 1173
853 948 1043
850 109 767
544 585 646
524 575 626

538 pite1] G642

Humid Air Turbine Cycle CT - 366 MW 198 210 342 443 741 773 —
Kalina Cycle CC CT - 262 MW 78 221 265 308 482 526 nm
Cheng Cycle CF - 140 MW 193 247 00 353 567 BZ0  ween

Peaking Micrcturbine - G 03 MW

Baselead Microturbing - ¢ 03 MW

Subcritical Puiverized Coal » 250 MW

Subcritical Pulverized Coal - 500 MW

Subcritical Pulverized Coad, High Sulfur - 500 MW
Circulating Fluidized Bed - 250 MW

Circulating Fluidized Bed - 500 Mw

Superceitical Pugverized Coal - 500 MW
Supercrilical Pulverized Coal. High Sulfur - 500 MW
Supercrilicat Pulverized Goal - T50 MW
Supercriticat Pulverized Coal. Migh Sutfur - 750 MW
Pressurized Fluldized Bed Combustion

527 - . —

537 637 Ta8 839
3z27 349 371 392
289 K3} 333 354
293 313 334 354
325 347 369 it H
201 313 335 387
295 316 33r 357
2938 318 338 58
275 288 317 338
76 298 315 335
389 414 439 464

1242 1342 1443
480 502 523
442 A64 485

1x1iGCC 357 77 387 417 498 — —
2x1 1GCC 320 340 360 380 460~ —
2x1 1GCC, High Sulfur 318 336 355 3ra 447 s
Subcrilical Pulverized Coal - 500 MW - CCB 508 541 572 604 729 780 792
Subcriticat Pulverized Coai, High Sulfur - 500 MW - CCS 486 518 605 T4 754 783
Circulating Fluidized Bed - 500 MW - CCS £09 541 635 7682 793 825
Supercriticat Pulverized Cosl - 500 MW - CCS 5G7 537 626 743 773 BOZ
Supercritical Pulverized Coal. Bigh Suifur - 500 MW - CCS 514 542 628 741 70 FaL:]
Supercrilical Pulverized Coal - 750 MW - CC5 479 509 598 77 47 776
Supercritical Pulverized Coal High Sulfur - 750 MW . CC8 482 519 585 707 736 764
1 1GCC - CCs 488 512 585 681 e -
1 IGCC - 03 442 466 538 834 e
2x11GCC. High Sulfur - CCS 444 AGT 835 627  — e
wind Energy Conversion -~ 50 MW 238 227 — -— o - - s —
Geolhermat - 30 MW 443 438 426 421 A :
Solar Pholovoitalc - 50 kW §22 22 e — o= e e
Sotar Thermal. Parabolic Trough - 100 MW 421 422 - — - — v ——— — e e
Sofar Thermal. Parabolic Dish « 12 MW B0 601 - —n e e e o — e —
[Solar Thermal. Central Receiver - 50 MW 645 646 647 647 847 648 847 - —— - ——
Solar Thermat. Solar Chimney - 50 MW 533 533 533 532 — —- — — —-r ——
MSW Mass Burn - 7 MW 1634 1604 1575 1845 1515 1485 1456 1426 - - nm
ROF Stoker-Fired - ¥ MW 1499 1583 1666 1752 1837 1921 2006 2090 2175 - o
Landfill Gas 1C Eagine - 5 MW 422 449 475 502 528 555 581 GOR 634 861 -
TDF Muiti-Fuet CFB (10% Go-ire) - 50 MW 451 475 498 523 547 571 595 618 6842 666 690
Sowage Skudge & Anaerobic Digestion - 085 MW 627 623 619 615 611 607 602 597 5803 583 -
Bio Mass (Co-Fire) 298 318 338 358 are 308 418 438 458 479 499
Mollen Carbonate Fuel Cell - 300 kw 390 447 504 560 B17 674 TN 788 Bad 901 un
Spark Ignition Engine - 5 MW 386 449 5§12 574 637 00 763 825 BBB 051 e
Mydroeleciric - New - 30 MW 408 403 398 392 384 o e — e —-
Ohio Falls §-10 279 273 267 259 - o -—- o —-- e e
Minimum Levelized SHW 96 148 199 203 300 351 ars 395 400 393 386
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Exhibit 6

Levelized Dollars at Various Capacity Factors With 802 Adders, without CO2 Adders, and with NOx Adders

Capltal Cost-Low 2007 (SRW ye)
Heat Rate- High
Fuel Forecast- Base Capacily Factors »

Technology 05 10% 0% 30% 40% 50 B0% TO% B0°% 90% 104%
Pumped Hydro Energy Storage - 500 MW 134 197 80— — — e - [ - e
Lead-Acid Battery Energy Slorage - 5 MW 20 259 317 v - [ - — — - ——
Compressed Air Energy Slorege « 500 MW 128 i 3w - e o - —— -— e e
Simple Cycle GE LMB0O00 CT - Peaking Capacily 160 282 404 526 648 1790 a0z 1014 1136 1258 1380
Simple Cycle GE TEA CT - Peaking Capacity 126 264 408 552 696 B40 984 1128 1272 1416 1560
Simple Cycle GE 7FA CT - Peaking Capacily ‘g5% 225 355 484 813 743 8r2 et 13 1260 1380
Combined Gycie GE 7EA €7 - Intermadiate L.oad 179 265 350 436 52% 607 892 778 B63 949 1034
Combined Cycle GE 7FA CT - Intermediate Load 134 209 283 58 433 507 582 656 731 BOG 880

Combined Cycle 2x% GE 7FA CT - Intermediate Load
Combined Cygle 3x1 GE TFB CT - Inlermediate Load
Siemens 5000F CC CT - Infermediate Load

Humid Air Turbine Cycle CT - 366 MW

Kalina Cycle CC CT - 282 MW

Cheng Cycle CT - 140 MW

8g 263 338 M2 487 562 838 711 786 860
13 245 318 392 466 540 614 GRE 782 836
275 i) 426 501 576 651 27 BO2 a1y
aar 442 548 653 754 864 a70 1075 —
262 kX 391 455 519 583 648 12
295 372 449 527 604 6814 759 836 -

Peaking Microlirbine - 0.03 MW 400 575 e —- — — —— —— — - e
Baseload Microlabine - 0 03 MW 436 584 a2 BBO 1027 1475 1323 1474 1618 1767 14
Subicriticat Pulverized Coal - 250 MW 365 327 350 372 394 4186 439 451 483 506 528
Subcriticat Pulverized Coal - 500 Mw 267 288 an 334 356 378 400 422 444 467 489
Suncriticsl Pulverized Coal, High Sulfur - 500 MwW 272 293 314 335 356 e 397 418 439 460 481
Cireulating Fluidized Bed - 250 Mw 303 326 348 37 393 418 438 461 483 506 6528
Gircutnting Fluidized Sed - 500 Mw 269 2M 314 336 358 380 403 425 447 470 492
Supercritical Pulverized Coal - 508 MW 275 296 397 338 358 3ra 4060 421 442 163 483
Supereritical Pulverized Coal. High Suliur - 560 MW 278 298 18 339 358 379 389 420 40 480 480
Supercritical Putverized Coal - 750 MW 254 276 297 318 340 361 382 ac4 425 446 468
Supsrcritical Pulverized Coat. High Sutfur - 750 MW 256 276 286 LS dgn, s aar ST
Pressurized Fluidized 8ed Combustion 384 390 4315 441 466 492 517 543 669 e -
%1 IGCC kkys as7 378 398 419 439 460 480 501 —
2x% 1GCC 300 3z0 a1 361 381 402 422 442 463 ~- o
2x1 GGG, High Sulfur 2599 318 337 356 378 394 412 431 450 —— —
Suberilicat Pulverized Coal - 500 MW - CCS 478 510 542 573 605 637 669 701 733 764 796
Subcriticat Pulverized Coal. High Sulfur - 500 MW - CGS 4B6 518 G947 577 607 637 665 695 728 759 789
Cirewlating Fiuigized Bed - 500 MW - CCS 509 544 873 605 638 670 702 T34 786 798 B83%
Buperctitical Putverized Coal - 500 MW - CCS 507 537 567 597 BET G657 687 147 TAT e 808
Supercritical Pulverized Coal. High Sulfur - 500 MW - CCS 514 543 572 £01 629 658 G687 716 745 774 802
Sugpercrilicat Pulverized Coal - 750 MW - CC5 479 508 540 570 600 630 661 691 721 752 782
Supercrilical Pulverized Coal. High Sulfur - 750 MW « CCS 482 891 539 568 596 625 654 682 741 740 768
1x11GCC - CCS 488 512 537 561 586 630 635 659 884 e ——-
2x11GCT - CCS 442 466 491 515 540 564 589 613 638 e
2x1 IGCC. High Sutfur - CCS 444 46T 491 514 537 561 584 607 63— e
Wind Energy Conversion - 50 MW 238 omr e nam - —-
Gegthermal - 30 MW 443 421 414
Solar Photovoltaic - 50 kW 622 o
Solar Thermal. Parabolic Trough - 160 MW 421 422 - - e - e — e ——— e
Solar Thermal. Parabolic Dish - 1 2 MW 01 601 —_— — - e o - o —
Sofar Thermal Centrzl Receiver - 50 MW 645 648 647 647 647 648 647 - — — e
Solar Thermal. Solar Chimney - 50 MW 533 533 533 832 - R - —— —— — —
MS5W Mass Bum - 7 MW 1634 1662 1569 1537 1504 1472 1440 1407 e - e
ROF Stoker-Fired - 7 MW 1458 1585 1671 1757 1843 1929 2015 211 2187 = R
Landfii Gas IC Engine - 5 MW 422 463 505 546 587 629 870 7 753 784
TDF Muiti-Fuel CFB (10% Co-fire) - 50 MW 151 475 500 524 548 573 597 621 648 670 694
Sewaye Siudge & Anaerchic Digestion - 085 MW 627 623 619 615 611 607 602 597 590 583
Bio Mass (Co-Fire} 298 3i8 339 359 380 400 420 444 461 4B1 502
Motten Carbeonate Fuel Celi - 300 kW 390 473 556 639 722 804 867 970 1053 1138
Spark Ignition Engine - 5 MW 386 479 573 BBB 760 853 946 1040 1133 227
Hydroelectric - New - 30 MW 409 403 338 382 304 - e — - e —-
Ghio Falls 9-10 279 273 267 258G — el - won -—- e e
Minkmum Levelized SIKW 96 17t 216 203 a7 as7 T 397 400 383 386
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Exhibit 6

Levelized Dollars at Various Capacity Factors With SO2 Adders, without COZ Adders, and with NOx Adders

Capltal Cost-Low 2007 {S/kW yr}
Heat Rate- High
Fupl Foreeast- High Capaclty Faclors

Technology % 10%  20%  a0%  a0%  B0%  60%  70% _ 80%  60% _ 100% |
Pumped Hydro Energy Slorage - 500 MW 134 187 260 e —_— nran - amnn — —en -
L.ead-Acid Ballery Energy Storage « 5 MW 201 259 M7 - - - — — e — —
Compressed Air Energy Storage - 500 MW 128 233 339 — o a—— - - - ——- ——
Simpie Cycie GE LMGOD0O CT - Peaking Capacily 160 oy 453 600 747 893 1040 1187 1333 1460 1627
Simpie Cycle GE TEA CY - Peaking Capacily 120 2585 468 644 819 993 1168 1343 1517 1692 1867

Simple Cycle GE 7FA CT - Peaking Capacity 409 566 723 879 1036 1193 1349 1506 1663

Combined Cycle GE 7EA CT - intermodiate Load 392 1030 1136 1242
Combined Cycte GE 7FA CT - inlermediale Load aze 8y7 70 40662
Combined Cycle 2x1 GE 7FA CT - Iniermediate Load 300 857 949 1042
Combined Cycle 3zt GE 7F8 CT - Inlermediale Load 281 B34 926 1018
Siemens 5000F CC CT - intermedizte Load 313 873 866 1059
Hurnid Air Turbine Cycle CY - 366 MW 389 1179 1311 -
Kalina Cycle CC CT - 282 MW 2495 777 857
Chang Cycle CT - 140 MW 332 69 1006 -
Paaking Microturbine - G 03 MW o e — e
Baseioad Microturting - G 03 MW BD5 1913 2098 7282
Suberilical Pulverized Coal - 250 MW 352 492 515 539
Subcritical Pulverized Coat « 500 MW 314 453 a7y 500
Subctitical Pulverized Coal, High Sulfur - 500 MW 316 447 469 40
Circutaling Fiuidized Bed - 250 MW 380 492 515 53%
Circulating Fluidized Bed - 500 MW 3186 456 480 503
Sugercrilical Pulverized Coal - 500 MW 319 451 473 445
Supereritical Pulverized Coal High Sulfur - 500 MW 320 448 469 440
Suparcriticat Pulverized Coal - 750 MW 2085 434 456 479
Supercritical Pulverizad Coal High Sulfur - 750 MW 298 425 446 67
Fressurized Fluidized Beg Compustion 418 578 - nnn
ix1iGCC 360 508 - e
21 1GGC 343 470 - -
2¢1 1GCC, High Saltur 339 458 —~-- -
Subcritical Pulverized Coat - 500 MW . CCS 545 745 TIB 812
Subcritical Pulverized Coal, High Suifur - 500 MW - CCS 486 518 549 739 7 802
Circutating Fluidized Bed - 500 MW - CC5 508 543 576 778 B11 845
Supaercritical Puiverized Coat - 500 MW - CCS 507 538 570G 758 780 822
Supercritical Pulverized Coal. High Setfur - 500 MW - CCS 514 544 574 785 7B6 815
Supercrilical Pulverized Coal - 750 MW - CCS 474 511 542 732 763 795
Supercritical Pulverized Coat. Migh Suifur - 750 MW - CCS 482 512 542 722 752 81
1x1 1GCC - CCS 488 514 539 83 s -
2x1iGCC - CCS 442 468 493 B47 — e
2x1IGGC. High Sulfur - CCS d44 468 493 639 o~ —
Wind Energy Conversion - 50 MW 238 — rer -
Geothermal - 30 MW 443 426 421 414
Solar Photovoltaic - 50 kW 622 - e — v
Setar Thermal Farabolic Trough - 100 MW 421 422 e s — ——— o —— o —e-n
Solar Therma!. Parabolic Dish - 12 MW 601 801 e —— — — —— o e e e
Salar Thermat. Ceniral Receivar - 50 MW 645 646 547 847 G647 648 647 - —_— — -
ISolar Thermal. Sotar Chimney - 50 MW 533 533 533 532  — e — — - — —
MSW Mass Burn - 7 MW 1634 1699 1564 1530 1495 1460 1425 1380 e - ——
ADF Sicker-Fired - 7 MW 1489 1589 1680 1770 1881 1951 2042 2132 2323 - —
Landfil Gas {C Engine - § MW 422 475 528 581 634 686 T3 792 LLE BOB
TDF Mulli-Fuel CFB {10% Co-fre} - 50 MW 454 477 502 528 553 519 504 630 858 681 706
Sewage Sludge & Anaerobic Digestion - 085 MW 627 623 619 615 611 607 602 Bg7 560 583 -
Bio Mass (Co-Fire} 288 326 31 363 384 406 427 445 470 493 513
Molten Carbonate Fuel Cell - 300 kW s0 493 586 00 803 906 1009 1112 1216 1319 —
Spark fgrition Engine - 5 MW k1) 503 621 736 856 973 1091 1208 1328 1443 —
Hydroelactric - New - 30 My 409 403 398 392 384 e — e o e ann
Ohig Fails 9-10 279 273 267 259 et e ——e - nmn — wn
Mintmum Levelized SIkW 96 189 216 203 40 362 383 404 400 393 a8s
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Exhibit 6

Levelized Dollars at Various Capacily Factors With $02 Adders, without CO2 Adders, and with NOx Adders

Capltal Cost- Base 2007 {SW yr}
Heat Rate-Low
Fuei Forecast-Low Capaclty Faclors

Technology 0% 0% 0% 0%  Ab% . 50%  B0% . 70%  BO%  B0% . 100% ]
Bumped Hydro Energy Stlorage - 566 MW a7 210 LY I — g s p— - - -
| nad-Acid Battery Energy Slorage - 5 MW 2 219 37 e - e - fe f— e —
Compressed Air Energy Storage - 500 MW 140 216 292 e o - — — j— — —

Simple Cycle GE LMBOGU CT - Peaking Capacily
Simpie Cycle GE 7EA CT - Peaking Capaclly

Simple Cycle GE TFA CT - Peaking Capacily
Combined Cycle GE 7EA CT - Intermadiate Load
Combined Cycle GE 7FA CT - Inlermediale Load
Combined Cycle 2x1 GE 7FA CT - Inlermediate Load
Combined Cycle 3x1 GE 7FB CT - Inlermediale Load
Stemens SG00F CC CT - intermediate Load

256 342 427 512 598 583 768 a54 939 1024
225 323 a1 519 617 715 813 g1 1009 1107
189 277 363 453 541 628 77 BOS 893 981
244 297 351 A05 458 512 566 619 673 727
180 237 471 518 564 611
168 215 449 496 542 589

i J. 15 428 474 520 567
180 227 274 321 368 415 a62 508 556 603

Hurid Al Turbine Cycle CT - 366 MW 186 262 27 393 458 654 720
Kalina Cycle CC CT - 282 MW a4 223 283 ana 343 462 502
Cheng Cycle C7 - 140 MW 200 248 297 346 395 541 590  —-
Peaking Microturbine - ¢ 03 Mw e -— e — wnen
Baseload Microturbine - G 03 MW 820 g12 1187 1279 1371
Subcriticat Pulverized Coal - 250 MW 411 431 192 512 532
Suberitical Pulverizad Coal - 500 MW a7 Im 451 471 491
Suberilical Pulverized Goal, High Sutfur - 500 Mw 373 am 467 486
Circulating Fluidized Bed - 250 MW 411 431 512 532
Circufating Fluidized Bed - 500 MW 373 383 474 494
Superctitical Puiverized Coal - 500 MW 374 393 468 486
Supercriticat Pulverized Coal. High Suliur - 500 MW 376 394 467 485
Supercritical Pulverized Coal - 750 MW 354 374 451 470
Supercrilical Pulverized Coal. High Sulfur - 750 MW 353 I 443 462
Fressurized Fluldized Bed Combustion 504 527 — wan
1 IGCE 442 460 - -
2x1 1GCC 400 419 - -
2x1 1GCC, High Sulfur 385 413 v —-
Suberitical Pulverized Coal - 500 MW - CC5 639 6GB T8 812
Suberiical Pulverized Coal, High Sulfur - 500 3w - CCS 642 669 778 808
Circulating Fluidized Bed - 500 MW - CCS 648 877 794 B23
Supercritical Pulverized Coal - 500 MW - CCS 639 666 775 802
Supereritical Pulverized Coal. High Suifur - 500 MW - CCS 643 B69 774 BCO
Suporeritical Pulverized Coal - 750 MW - CC5 610 637 TAT 74
Supercritical Fulverized Coal High Sulfur - 750 MW - CCS 609 635 739 765
1x1 IGCC - CCB 598 621 e -
2¢1 IGCG - CCS 850 513 — -
2x1 IGCC. High Sulur - CCS 548 568

Wind Energy Conversion - 50 MW
Geothermal - 30 MW

Solar Pholovoltaic - 50 kW

Solar Therral. Parabolic Trough - 100 MW
Salar Thermal. Parabolic Dish + 12 MW
[Solar Thermat. Central Recelver - 50 MW
Solar Thermal. Solar Chimney - 50 MW
MSW Mass Burn - 7 MW

RDF Stoker-Fired - 7 MW

Landfill Gas iC Engine - § MW

TOF Mulli-Fuet CFB (10% Codire} - 50 MW
Sewage Siudge & Anaerchic Digestion - 085 Mw
Bip Mass (Co-Fire)

Meolten Carbonate Fugel Celt « 300 kW
Spark ignition Engine - 5 MW

Hydroelectric « New - 30 MW

Chic Falls §.10

Minimum Levelized S/kW

288 335 agt 407 425 435 428
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Exhibit 6

Levelized Dotlars at Various Capacily Factors With 502 Adders, without CO2 Adders, and with NOx Adders

Capital Cost- Base 2007 ($/kW yr)
Heat Rate-l.ow
Fuel Forecast- Base Capaclty Factors
Technology 0% 0% 20% 4%  40%  60%  60%  70%  BO% 90V 100%
Pumped Hydro Energy Slorage - 500 MW 147 10 273 - - o - ——— - e ——
Lead-Acid Battery Energy Slorage - § MW 220 279 337 - enn s nnm e —— nn
Campressad Air Energy Storage - 500 MW 140 229 38 - e — e - e -——- i
ISimple Cycle GE |LMB000 TT - Peaking Capacily 171 284 398 5114 624 738 B51 064 1078 1194 1304
Simple Cycle GE 7EA CT - Peaking Capacity 260 394 527 660 794 o2y 1080 1194 1327 1460
Simple Cycle GE TFA CT - Peaking Capacily i E 220 340 459 578 88 817 936 1056 175 1284
Combined Cycle GE 7EA CT - inlermediale Load 190 266 346 424 502 580 656 736 814 B892 970
Cambined Cycie GE 7FA CT - Intermediate Load 143 211 279 47 415 483 551 619 GR7 755 823
Combined Cycle 2x1 GE 7FA CT - intermediate Load 121 189 257 325 g 461 529 597 865 733 &1
Combined Cycle 3x1 GE 7FB C7 - Inlermediale Load E 238 305 3rz 440 507 574 642 709 116
Siemens 5000F CC CT - intermedigio |Load 133 201 270 338 406 475 543 612 680 748 Bir
Humid Air Turbing Cycle CT - 366 MW 131 227 323 419 514 610 7086 802 Fileri] 994 e
Katna Cycle CC CT - 282 MW 144 202 261 318 s 436 494 853 611 870 .
Cheng Cycle CT - 140 MW 151 20 29z 362 433 503 574 644 715 785 -
Peaking Microtarhing - 0 03 MW 421 582 - e - o - e - —
Baseload Microlusbine - 0 03 MW 453 587 T2z 456 991 1125 1260 1394 1528 1662 1797
Subcritical Pulverized Coal - 250 Mw 331 351 372 92 433 454 474 494 515 535
Subcriticat Pulverized Coal - 50D Mw 23 311 33z 352 a2 413 433 453 474 494
Suberiticat Pulverized Coal, High Suilur - 500 M 297 316 336 355 393 412 432 451 470 489
Circilaling Fludized Bad - 250 Mw 330 351 am 392 433 453 474 494 518 535
Circulating Fluidized Bed - 500 MW 293 313 334 ag4 395 415 436 456 477 497
Supercrilical Pulverized Coal - 500 Mw 299 318 3ar 356 354 413 433 452 471 490
Supercrilical Pulverized Coal. High Sutfur - 500 MW 303 322 340 358 386 414 433 451 A70 438
Supercritical Pulverized Coal - 750 MW 277 454 473
Supercritical Puiverized Coat. High Suliur - 750 MW 280 446 485
Pressurized Fluidized Bed Combustion 412 —
1x1 1GCC 368 - —_—
2x11GCC a7 . —-
2x1 GGG, High Sulfur kr'd) - v
Subcritical Pulverized Coat - 500 MW - CCS 6524 787 817
Suberiticai Pulverized Goal. High Suliur - 500 MW - CCS 532 782 B10
Gircistating FRidized Bed - 500 MW . CCS 532 798 827
Supprorilical Pulverized Coal - 500 MW - CCS 534 779 BOG
Supercrilical Puiverized Coat. High Sulfur - 500 MW - CCS 538 778 804
Supercrilicat Pulverized Coal - 750 MW - CCS 501 751 778
Supercrilicat Pulverized Coal High Suur - 750 MW - CCS 606 743 769
1xt I3CC - CGS 510
2116CC-CCS 462
2x1 IGCC. High Sulfur - CCS AG4
Wind Energy Conversion - 50 MW 259
Geolhermal - 30 MW 484
Solar Photovoitaic - 50 kW 766
Solar Thermal. Parabolic Trough - 100 MW 506 - —
Solar Thermal. Parabolic Dish - 1 2 MW 734 — e
Sotar Thermal. Ceniral Receiver ~ 50 MW 71 ——— —
Sotar Thermal. Solar Chimney - 50 MW 64s -_— nn
MSW Mass Bumn - 7 MW 1741 -— e
RDF Stoker-Fired - 7 MW 1665 ot -
Landi¥ Gas IC Engine - § MW 455 787 -
TRF Muti-Fuel CFB (10% Co-fire} - 50 MW 468 511 534 556 578 600 623 645 BG7 68O Tt
Sewage Sludge & Anaerobic Digestion - 085 MW 693 689 sl5 680 516 672 B67 662 655 648 —-
Bio Mass (Co-Fire} 324 343 383 380 389 417 436 454 a73 492 510
Malten Carbonate Fust Cell - 300 kW 462 537 613 688 764 839 815 980 1066 111 s
Spark ignition Engine - 5 MW 400 485 568 a54 738 a23 807 992 1077 1186
Hydrpelealsic - New - 30 MW 473 487 462 456 448 — —- - — —-- —
Chio Falls 8-10 293 287 281 27y - -~ —— - e —-- e
Minimum Levillzed SIW 101 170 237 225 3564 3rz kil 409 428 435 428
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Exhibit 6

Levelized Dollars af Various Capacity Factors With 502 Adders, without CO2 Adders, and with NOx Adders

Capital Cost- Base 2007 {5ThW yr)
Heat Rate-Low
Fuel Forecast- High - Capacity Factors - .
Tochnotogy 0% 10% 20% 0% 40% 50% B0% 0% 80% 0% 100%
Pumped Hydro Energy Storage - 500 MW 147 210 273 e —— — R — — - e
Lead-Agid Baltery Energy Storage - 5 MW 221 278 B7 — e —- P [ — v
Compressed Air Encrgy Storage - 500 Mw 140 240 340 —- - —— — e —-
Simple Cycle SE L MB000 CT - Peaking Capacily 17 306 442 577 712 848 983 1118 1254 1380 1524
Simple Cyele GE TEA CT - Peaking Capacity 288 448 609 770 930 1691 1252 1412 1573 1734
Simple Cycle GE 7FA CT - Peaking Capacity 245 389 933 677 821 965 1109 1253 1397 1841
Combined Cycle GE 7EA CT - Intermediale Load 287 384 1158
Combined Cycle GE 7FA CT - Intermediaie Load 143 228 312 o8g
Combined Cycle 2x1 GE 7FA CT - Intermediate lL.oad 205 290 955
Combined Cycle 3x1 GE 7FB C7 - Intermediate Load 1! 270 939
Siemens 5000F CC CT - Intermediate Load 133 218 363 982
Humid Air Turbine Cycle CT - 366 MW k] 2514 a7 e
Katina Gycle CC CT - 282 MW 144 27 280 —
Cheng Cycla CT - 140 MW 151 238 326 ——
Peaking Microlwbine - 0.03 MW 421 815 e -
Haseload Microlurbine - 0 63 MW 453 621 788 2130
Subcritical Pulverized Coat - 250 MW N 352 374 545
Subtritical Pulverized Coal - 560 MW 201 a2 334 504
Suberitical Puivarized Coal, High Sulfyr - 500 Mw 297 317 aa? 498
Circilating Fluidized Bed - 250 MW 330 352 373 545
Circulating Fluidized Beg - 500 MW 283 314 336 07
Supercritical Puiverized Coat - 500 MW 280 318 339 800
Supercritical Pulverized Coal High Sulfur - 500 MW 303 322 342 447
Supefcriticat Pulverized Coal - 750 MW 277 298 318 483
Supereritical Pulverized Coal. High Sulfur - 750 MwW 280 299 318 474
Pressurized Fluidized Bed Combustion 412 436 461 e
1 iGCC 358 388 407
2x% 1GCC az 347 366 e
2% 1GCC, High Sulfur az7 345 363 -
Subcriticat Pulverized Coal - 500 MW . CCS 524 555 585 B30
Subcrilicai Pulverized Coal, High Sulfur - 500 MW « CCS 532 561 590 823
Circulating Fluigized Bed - 500 MW - CC5 532 B4D
Supercritical Pulverized Coat - 500 MW - CCS 531 B19
Supercritical Pulverized Coal. High Sulfur - 500 MW - CCS 538 815
Supercritical Pulverized Caal - THO MW . CCS 501 792
Supercrilical Pulverized Coal. High Sulfur - 750 MW - CCS 505 T8O
x1iGCC - CCS 510 e
2x1 iECC - CCS 452 e
2x1 ISCC. Hign Sutfur - CCS LY:1) —
wind Energy Conversion - 50 MW 259 —-— —_ e ——
Geothermat » 30 MW 484 467 462 456 449
Solar Photovollaic « 50 KW 766 — o e -
Solar Thermal. Parabolic Trough - 100 MW 506 507 - — — -— - e e — v
Solar Thermal. Parabolic Disk - 1 2 MW 734 734 e - —~- - —— . e - s
Solar Thermal. Centrat Receiver - 50 MW 77t 772 773 773 773 T4 PR L e -
Solar Tharmat. Solar Chimnay - 56 Mw 548 646 848 645 e — - — — — [
EMSW Mass Burn - 7 MW 1T 1713 1684 1656 1628 1600 1571 1543 rnn —
RDF Sloker-Fired - 7 MW 1665 1747 1830 1912 19495 201 2160 R24Z 2325 e nemn
Landfili Gas IC Engine ~ 5 MW 455 502 550 597 644 632 739 786 834 15 I
TDF Muiti-Fuel CFB {10% Co-fire) - 50 MW 489 512 536 559 583 [i052] 529 653 676 6599 722
Sewage Sludge & Anaerchic Digastion - 085 MW 693 6589 685 680 878 1 667 662 655 648 -
Bic Mass (Co-Fire} 324 344 363 383 402 422 441 461 480 500 518
Moiten Carbenate Fuel Cell - 300 kw 462 i 650 743 Bar 31 1025 1119 1213 3306
Spark Ignition Engine « 5 MW 400 508 813 718 825 931 1038 1144 1250 1356 -
Hydroeiectric - Now - 30 MW 473 467 462 456 L —— — —— — e
Ohio Fails 8-10 293 BT 281 273 ot -—- - —- e .
Miniminm Levollzed SIRW 101 187 237 225 357 3r7 386 16 435 435 428
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Exhibit 6

Levelized Doflars at Various Capacity Factors With S02 Adders, without CO2 Adders, and with NOx Adders

Capital Cost- Base 2007 [SIkW yr)
Heat Rate- Base
Fuel Forecast-Low Copaclty Factors
Teehnology 0% 10% 0% 3% 40% 5% G0% 70% 80% 0% 100%

Pumped Hydre Energy Storage - 500 MW 147 210 273 - — e - e — - —
Lead-Acid Battery Energy Storage - 5 MW 221 279 3/ - —— — - - e —- e
Compressed Air Energy Slorage - 500 MW o 217 295 s — - o nmm - - e
Simple Cycle GE LMGI00 CT - Peaking Capacity 172 280 48 438 524 964 1052
Simple Cycle GE TEA CT - Pealing Capacity 128 228 33 432 533 1049 1141
Simple Cycle GE 7FA CT - Peaking Capacity EHez: 193 285 376 467 924 1015
Combinad Cycle GE 78A CT - Intermediate Load 191 247 303 360 416 697 753
Combined Cycle GE 7FA GT - intermadiate Load 144 183 242 291 340 586 635
Coembined Cycle 2x1 GE YFA CT - inlermediate |.oad 122 174 220 269 318 562 811
Combined Cycle 3x1 GE 7FB CT - Intermediate Load 540 589
Siemens 5000F CG €T - Intermediale Load 578 g27
Humig Air Turbine Cycle CT - 366 MW 749 -
Kalina Cycle CC CT - 282 MW 519 e
Cheng Cycle CT - 140 MW 810 -
Peaking Microturbine - 0 03 MW e -— o
Baselad Microturbine - 0 03 MW 841 1322 1418
Subcritivat Pulverized Coal + 250 MW 415 520 541
Suberitical Pulverized Goal - 500 MW 375 480 501
Suberitical Pulverized Coal, High Satur - 500 MW 376 474 494
Circulating Fluidized Bed - 250 MW 415 521 542
Circulating Fluidized Bed - 500 MW 377 462 503
Supetcriticat Puiverized Coal - 500 MW 378 476 495
Suparcritical Pulverized Coal. High Sulfur - 500 MW 379 475 494
Superctitical Pulverized Coal - 750 MW 358 459 479
Supercritical Pulverized Coal High Sutlur -~ 750 MW 356 451 470
Pressurized Fluidized Bed Comtustion 508 o —
1x1 1GCC 4458 —_ -
2x1 1GCC 404 e —
2x11GCC, High Sullur 398 — e
Suberitical Pulverized Coal - 503 MW - CC5 644 794 825
Subcritical Pulverized Coal. High Sulur - 500 MW - CCS 646 789 ag
Circulating Fluidized Bed - 560 MW - CCS 653 805 835
Supercrilical Pulverized Coat - 500 MW - LCS 644 786 B44
Supercriticat Puiverized Coal. High Sulfur « 560 MW - CC5 647 784 811
Supercritical Pulverized Coal - 750 MW - CCS 815 758 785
Supereritical Pulverized Coal High Sulfur - 750 MW - CCS 613 749 776
%% 1GCGC - CCS 602 - e
201 1GCC - CCS 554 - e
2x1 IGCC. High Suifur - CCS 552 —— —
Wind Energy Conversion - 50 MW — — o
Geothermal - 30 MW 467 482 456 449
Solar Photovoltai ~ 56 kW 786 766 - wean — nmna - nrnn
Selar Thermal. Parabolic Trough - 100 MW 508 807 e —an —— e e — e —
Sofar Thermal. Parabofic Dish - 12 MW 734 73 - — — e —— — - e
Saotar Thermal. Central Receiver - 50 MW 77 772 773 773 773 774 4 — —— — —
Solar Thermal. Sofar Chimney - 50 MW 646 646 646 645 — e — — —- e =
MSW Mass Buwt - 7 MW 1741 1744 1687 1661 634 1607 1580 1853 e - o
RDF Stoker-Fired - 7 MW 1665 1746 1827 1807 1988 2068 215G 2231 2312 e -
Landiill Gas IC Engine « § MW 455 480 805 530 555 580 &05 630 655 680 —
TOF Multi-Fuel CFB {10% Co-fire) - 50 My 489 512 535 558 581 604 627 630 672 695 718
Sewage Sludge & Anaerobic Digestion - 085 MW 593 689 885 681 876 672 668 863 656 648 —-
Blo Mags (Co-Fire} 324 343 362 3s2 404 420 439 458 477 497 516
Molen Carponate Fuel Dell - 300 kW 483 517 572 626 680 735 789 B43 698 952 e
Spark Ignition Engine - § MW 402 462 521 581 641 700 TED 820 a79 939 —
Hydrogiectric - New - 30 MW 473 487 482 456 448 e e — e e
Ohlo Falis 8-10 293 287 281 273 e — o e o e

Minimum Levelized STkW 102 152 201 225 298 kLT 394 413 432 435 428
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Exhibit 6

Levelized Dollars at Various Capacity Factors With S02 Adders, without CO2 Adders, and with NOx Adders

Capltal Cost- Base 2007 {S/kW yr)
Heat Rate- Base
Fuel Forecasi- High - Capacily Factors

Technology 0% 10%: 2% 0% 40% 50% B0%: 70% Ba% 90%  100%
Pumped Hydro Energy Slorage - 560 MW 147 210 273 e - e — s - — —
tead-Acid Battery Energy Storage - 5 MW 221 278 337 - —nn e - e - — s
Compressed Air Energy Storage - 500 MW 140 243 345 - e man -— e o - o

Simple Cycle GE 1.MB000 CT - Peaking Capacity
Simple Cycle GE 7EA CT - Peaking Capacity
Simple Cycle GE 7FA CT - Peaking Capacily

313 453 594 735 ar5 1018 1157 1297 1438 15679
295 483 630 797 965 1132 1299 1467 1634 1801
253 403 554 705 855 1006 1157 1307 1458 1600
Combined Cycia GE 7EA C7 - inlermediate Load 293 394 496 598 649 BO% 903 1004 108 1208
Combined Cycie GE 7FA CT - intermediate Load 233 322 410 499 5BB 677 765 854 943 1032
Combined Cycle 281 GE TFA CT - intermediale Load 122 21 290 388 476 565 654 742 831 915 1008
Combined Cycle 3x GE 7FB CT - Intermediate Load L 280 368 455 543 6 718 BO7 Bos 4982
Siemens S000F CC CT - intermedlate Load 3z 401 4490 578 665 758 847 836 1025
Humid Air Tuthine Cycle GT - 366 MW 383 509 635 760 BEB 1011 1137 1263

Katina Cycle CC CT - 282 MW 298

Cheng Cycle CT - $40 MW 151 243 335

Peaking Microturbine - 0 03 MW 422 825 e

Baseload Mizroturbine - 0 03 MW 456 532 808

Suberitical Pulverized Coal - 250 MW N 353 376

Subsrilical Pulverized Coal - 500 Mw 261 313 336

Subceriticat Pulverized Coal, High Sulfur - 500 MW 297 318 338

Circulating Fluidized Bed - 250 MW 330 353 375

Girculating Flidized Bed - 500 MW 293 s 338

Supercritical Pulverized Coal - 500 MW 289 az0 341

Supercrilical Pulverized Coal. High Sulfur - 500 MW 303 323 344

Supercrilical Pulvesized Coat - 750 MW 217 208 320

Supercriticat Pulverized Cogl. High Sulfur - 750 MW 280 300 326

Pressurized Fluidized Bed Combustion 412 438 463

1x11GCC 368 el 409

21 IGCE Az 347 368

2x1 1GCC. High Sulfur 27 346 55

Suberitical Pulverized Coai - 860 MW - CCS 524 556 588

Subcritical Putverized Coal. High Sutfur - 500 MW - CC5 532 562 583

Circulating Fluigized Bed - 500 MW . CCS 532 564 597

Supercrilical Putverized Coal - 500 MW - GGS 531 561 591

Supergritizal Pulverized Cost. High Sulfur - 500 MW - £CS 538 567 596

Supercritical Pulverized Coal - 750 MW - CCS 501 653 883 714 744 774 805

Superceitical Pulverized Coal High Suliur - 750G MW - CCS 505 649 877 706 735 764 792

xHIGCC -CLS 510 833 658 682

2x1iGCC - CCS 462 585 61D 6534

2x1 IGCC. High Sulfur - CCS 464 581 BOS 528

Wind Energy Conversion - 50 MW 259 e — -

Geotharmal - 30 MW 494 A2 456 449

Sotar Photovoltaic - 50 kW 765 - - -

Sotar Thermal. Parabuolic Trough - 190 MW 506 e e ~— — i j—

Solar Thermal. Parabolic Dish - 12 MW 734 —— e — —— e

Solar Thermat. Central Receiver - 50 MW 77 774 77 e — —_

Solar Thermat. Sclar Chimney » 50 MW 646 - ——— — —— " —-

MSW Mass Bumn - 7 MW 1741 15084 1552 1521 — — o

ROF Stoher-Fired - 7 MW 1665 2097 2184 2270 2357 e —

Landfill Gas IC Engine - 5 MW 455 505 555 605 655 706 756 806 856 966 —

TOF Mulli-Fuel CFB (10% Co-firg) - 50 MW 489 513 538 562 587 611 636 860 BB5 768 733

Sewage Sludge & Anaerobic Digeslion - 085 MW 693 88% 685 681 676 672 668 663 656 649 —

Bio Mass {Co-Fire) 324 345 363 386 406 421 447 468 488 508 529

Motten Carponate Fuel Coll - 300 kW 483 562 660 759 857 956 1054 11583 1251 1350 e

Spark Ignition Engine - § MW 402 514 626 737 849 961 1073 1185 1296 1408 -

Hydroeiectric - New « 30 MW 473 467 462 458 449 e e [ —_ ——— e

Ohiio Falls D-19 203 287 281 273 e e e e — — -
Minirtm Levellzod SIKW 102 192 237 225 364 3 401 422 442 435 428
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Exhibit &

Levelized Dollars at Various Capacity Factors With 502 Adders, without CO2 Adders, and with NOx Adders

GCapltal Cost- Base 2007 (W yr}
Heuat Rate- High
Fuel Forecast-Low - - {apacily Factors
Technotogy 0% 10% 20% 30% 40% 50% 6% T0% 8% 0%  100%

Pumped Hydro Enargy Slorage - 500 MW 147 210 273 - e ——- - - — ——- -
Leat-Acid Ballery Energy Slorage - 5 MW 221 279 337~ - - — - - ——n -—
Compressed Air Energy Storage - 500 MW 140 219 208 - — - — et —-en — wne
Simple Cycle GE LMB000 CT - Peaking Capacity 173 264 356 447 538 630 721 812 904 885 1086
Simple Cycle GE TEA CT - Peaking Capacity 234 340 445 550 B56 781 B66 a72 1077 1182
Simpie Cycle GE 7FA CT - Peaking Capacity 188 292 387 482 576 671 766 B60 956 1060
Combined Cycle GE YEA CT - intermediate Load 192 251 310 368 427 486 545 604 563 Tee 780
Combined Cycle GE 7TFA CT - intennadiate Load 145 196 247 296 350 401 452 504 555 6506 657
Combined Cycle 2x1 GE 7FA CT - Intermediate Load 174 225 430 481 533 584 635
Gombined Cycle 3x1 GE 7FB CT - Intermediate Load z ‘3587 408 459 510 561 612
Siemans 5000F CC CF - Inlermediate Load 135 187 238 290 341 393 444 496 548 598 651
Hurnid Air Yurbine Cycle C7 - 366 MW 134 pars) 278 350 421 493 565 6837 109 i —
Kalina Cycle CC CT - 282 MW 145 169 232 276 319 363 406 450 493 537 —
Cheng Gycle CT - 140 MW 152 205 259 312 365 418 472 525 579 632 ——
Peaking Microturbine » 0.03 MW 423 8§60 - e e — s e — e wenr
Baselpad Microlurbing - 0 D3 MW 459 560 860 761 852 9563 1083 1164 1265 1365 1468
Suberitical Puiverized Coal - 250 MW 331 53 375 397 418
Subcritical Pulverized Coal - 500 MW 291 313 335 357 378
Subwcrilica! Pulverized Ceal, High Sulfur - 500 MW 297 318 338 359 379
Circulating Fluidized Bed - 250 MW 330 352 374 386 418
Clroulating Fiuidized Bed - 500 Mw 283 315 k) 359 381
Supercrilical Pulverized Cogl - 500 MW 258 320 340 361 a8t
Supercritical Pulverized Coal. High Sulfur - 500 MW 303 323 343 363 383
Supercritical Puiverized Coal ~ 750 MW 277 298 319 340 361
Supererilical Pulverized Coal Migh Sulfur - 750 MW 28D 300 320 38 3549
Prassurized Fluidized Bed Compustion 412 437 452 487 512
1%1 IGCC 388 388 408 428 448
2x1 1GCC 327 47 367 387 407
2x1 1GCE, High Sutfur az? 346 364 383 401
Suberitical Pulverized Coal - 500 MW - CCS 524 555 587 618 650
Subcritical Pulverized Coal, High Suifur - 500 MW - CCS 532 562 591 621 651
Circulating Fluidized Bed - 500 MW - CCS 532 564 595 827 2131
Supercritical Pulverized Coal - 500 MW - CCS 631 561 590 620 549
Supercritical Puiverized Coal. High Sulir - 500 MW - CCS 53p 566 595 623 652
Supereritical Pulverized Coal - 750 MW - CCS 501 531 560 590 620
Supercrilical Pulverized Coal. High Sulfur - 750 MW - CCS 505 533 561 590 618
11 1GCC - CCS 510 534 558 582 607
221 1GCC - CC5 462 486 510 534 558
2x1 1GCC. High Sulfur - CCS 464 487 510 555
Wingd Energy Conversion - 50 MW 259 748 237 —
Geothermal - 30 MW 484 480 476 467
Sotar Pholavoliaic - 50 kW 766 66— — o -
Solar Thermal. Parabolic Trough - 100 MW 506 EOT e — — o — o e mnm
Solar Thermal Parabolic Dish - 12 MW 734 734 e —— —— e - ———- - e
Solar Thermal. Ceniral Receiver - B0 MW 771 712 773 773 773 774 774 e o — e
Soiar Thermal Solar Chimney - 50 MW G546 646 646 B45 e eSS - o s —_
M3W Mass Burn -~ 7 MW 1741 171 1682 1652 1622 1582 1563 1833 — — —
ROF Stoker-Fired - 7 MW 1665 1749 1834 1918 2603 2087 21v2 2256 2341 -~ —
Landg(ill Gas (0 Engine - 5 MW 455 482 5G8 535 561 588 614 641 667 694 -
TOF Multi-Fuel CFB {10% Co-fire) - 50 MW 485 513 8537 561 585 808 633 656 680 704 728
[Sewage Sludge & Anaerobic Digestion - DBS MW 692 {531} B85 681 677 673 BB 663 657 650
Bio tMass {Co-Fire} 324 44 364 384 404 424 449 485 485 505 b2b
Molzr Carbonate Fuel Gell - 300 kW 464 521 518 634 691 748 BOG 862 918 915
Spark Ignition Engine - § MW 403 466 524 591 654 7 T80 842 905 966
Hydroeiectric - New ~ 30 MW 473 467 462 456 449 wrn e e P e
Ohio Fatls 9-10 293 287 281 273 e e o e e wan

Minimum |.evelized S/kW 103 155 206 225 07 358 3589 439 438 435 428
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Exhibit 6

Levelized Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders

Capltal Cost- Base 2007 {5/W yr}
Heat Rate- High
Fuel Forocast- Base Capacity Factors _
Technoiogy 0% 10% 20% 0% 40% 50% 50% 70% B0% 90%  180%
Pumped Hydro Energy Storage - 300 MW 147 210 273 - - e - -—— e feen -—
Lead-Acid Ballery Energy Storage - 5 M 221 279 337 e - —— v n - - -
Compressed Air Energy Storage - 500 MW 140 234 328 - o -— - v wen wnn
Simple Cycle GE LMB000 CT - Peaking Capacity 173 295 437 539 661 783 905 1027 1149 1271 1393
Simpla Cycle GE 7EA CT - Peaking Capacily 129 273 417 561 705 849 993 1137 1281 126 1969
Simple Cycle GE 7FA CT - Peaking Capacity 03¢ 232 362 491 620 750 B79  100B 1138 1267 1386
Combined Cycle GE 7EA CT - Inlermediate Load 1492 278 363 449 534 620 705 791 876 862 1047
Combined Cycle GE 7EA CT - inlermadiate Load 145 220 264 369 444 518 593 667 742 BT B91
Gombinet Cycle 2x1 GE TFA CT - intermediale Load 123 198 272 347 421 488 57 645 720 785 869

Combined Cycle 3x1 GE 7FB CT - Intermedizle Load 104 LAY 252 326 399 473 547 621 695 769 843
Slemens 5000F CC CT - Intermediale Load 135 210 285 360 435 510 585 660 736 B11 886
Humid Air Turbing Cycle CT - 366 Mw 134 239 5 450 554 661 767 872 a78 1083 -
Kalina Cycle CC CT - 282 MW 145 208 273 338 402 466 530 554 655 723 e
Cheng Cycig CT - 140 MW 152 feraty a0y 34 481 538 616 693 77 848 —
Paaking Microlurbing - 0.03 MW 423 598 - — — ——— - - - e
Baseload Microturbine - 0 G3 MW 459 60T 755 1790 1937
Suberitical Pulverized Coat - 250 My A 353 376 532 554
Suhcriticat Pulverized Coal - 500 MW 291 313 335 491 513
Subcriticat Pulverized Coal, High Sulfur - 500 Mw 297 2i8 339 485 508
Circulating Fiuidized Bed - 250 MW 330 353 375 533 555
Circutating Fluidized Bed - 500 MW 293 315 338 494 516
Supercritical Puiverized Coal - 500 MW 299 320 341 487 507
Supercriical Puiverized Coal High Suilur - 500 MW 303 323 343 485 505
Supercrilical Pulverized Coat - 750 MW 277 298 az20 469 491
JSupercritical Pulverized Coal. High Sulfur - 750 Mw 280 00 3z 453 481
Pressurized Fluidized Bed Combustion 412 438 463 e —
1x1 1GGC 366 388 409 e e
2x11GCC 327 347 368 ——n —
2x11GCC, High Sulfur a2t 348 365 —— en
ISubcri!icaI Pulverized Coal - 500 MW - CCS 524 456 568 810 842
Suberitical Putverized Coal, High Sulfur - 500 MW - CCS 532 562 583 BO5 835
Circulating Fluidized Bet - 500 MW - CCS 532 464 596 B21 854
Supercrilical Pulverized Coal - 500 MW » CCS 531 561 591 Boz2 832
Supercrilica Pulverized Coal. High Sulfur - 500 MW - CCS 538 653 682 Ak 740 768 798 B26
Supercrilicai Pulverized Coal - 750 MW - CCS 501 622 652 683 713 743 774 804
Supercritical Pulverized Coal. High Sulfur - 750 MW - CCS 505 619 648 B77 705 734 763 81
1x1 IGCT - CCS 510 BOB 632 657 6681
201 1GCC - CCB 462 560 584 609 $33
2x1 1GCC. High Sutfur - CCS 464 557 B 604 627
Wind Energy Conversion - 50 MW 25% — — e -
Geothermai « 30 MW 484 467 462 456 449
Solar Pholovoltaic - 56 KW 766 o -—- e
Solar Thermal. Parabolic Trough - 100 MW 566 e e - —— — e —
Solar Thermal. Parabolic [ish - 12 MW T34 —— e o~ —— —- - o
Solar Thermal Central Receivet - 50 MW 7Y 773 774 Kol I o - —
Solar Thermat Solar Chimney - 50 MW 646 — — - e - — a—n
MSW Mass Surn - T MW 1741 611 1679 1547 1514 —— —- raren
RDF Stoker-Fired - 7 MW 1665 2008 2095 218% 2267 2363 -— e
Landfill Gas IC Engine - 5§ MW 455 620 662 703 744 788 827 —
TOF Multi-Fuel CFB (10% Co-fite) » 50 MW 489 586 611 635 659 B84 708 732
Sewage Sludge & Anaerchic Digestion » 085 Mw 693 677 673 668 663 657 650 ——
Bio Mass [Co-Fire) 324 406 426 446 487 487 508 528
Maidten Cathonate Fuei Cell - 300 kW 464 796 878 961 1044 1127 1210 e
ISpark ignition Engine - 5 MW 403 7T B7G 963 1657 1150 1244 -
Hydroelectric - New - 30 MW 473 449 —n —— —_ R -
Ohin Fails 9-10 293 — e f - — e oo
Minimum Levellzed SIkW 103 361 s 401 421 441 435 428

C:ADocuments and Settings\NG93438\DeskiopIRPWolume IIND2_Supply_Side_Analysis,_Exhibils s Generation Pianning



Exhibit 6

Levelized Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders

Capital Cost- Base 2007 (S/kW yt)
Heat Rate- High
Fuel] Forecast- High Capacity Faclors
Fechnology 0% 10% . 20%  30%  40%  50%  60% 109  60% 807  100%
Fumped Hydro Energy Storage - 500 MW 147 710 273 — . ann — o e o —
lLead-Acid Baltery Energy Storage - 5 MW 21 279 337 mn- - e - - o e e
Comprassed Air Energy Slorage - 500 MW 140 245 351 o a—— - - ——- — i
Simple Cycie GE £t MBODD C¥ - Peaking Capacity 320 486 613 T80 806 1053 1200 1348 1493 1640
Simple Cycle GE 7EA CT - Peaking Capacity 364 478 653 1002 1177 1352 1526 7 1876
[Simpie Cycle GE 7FA CT - Peaking Capacily 137 280 415 573 886 1043 1200 1356 1513 1670
Combined Cycle GE 7EA CT - Inlermadiate Load 1492 258 405 511 724 830 938 1043 1149 1255
Combined Cycle GE 7FA CT - Intermediate Load 331 424 609 702 705 BBB a8y 1073
Combined Cycle 2x1 GE 7FA CT - Intermediate Load 309 401 587 880 T3 BG6 958 1051
Combined Cycle 3x1 GE 7FB CT - Intermediate Load 288 380 64 656 749 B4 933 1025
Siemens 5000F CC CT -~ Inlermediate Load 322 415 602 695 788 8az o975 068
Humid Air Turbine Cycle T - 366 MW 397 529 782 924 1655 1187 1319 e
Kallna Cycle CC CT - 282 MwW 306 386 547 627 707 7RG 151 B
Cheng Cycle CT - 140 MW 344 441 633 729 B25 a1 1018 —
Peaking Micraturbine - 0 63 MW e e
[Baseioad Microturhing - D 03 MW 2121 2308
Subcritical Puiverized Goat - 250 MW 541 565
Subctrilical Puiverized Coat - 500 MW 601 524
Subcriticat Pulverized Cosl, High Sulfur - 500 MW 494 516
Clrculating Fluidized Bed - 250 MW 542 566
Circutating Fiuldized Bed - 500 MW 504 527
Supercritical Pulverized Coal - 500 MW 497 519
FSupereritical Pulverized Coal High Sulfur - 500 MW 494 415
Sugperceitical Puiverized Coal - 750 MW 479 502
Supercrilical Pulverized Coal. High Sulfur - 750 MW 470 491
Pressurized Fluidized Bed Combustion - ——
1x1 1IGCC - -
221 IGCT menr -
2x1 IGCC, High Sulfur —— e
Subcrilical Pulverized Ceal - 500 MW - CCS 824 858
Suberiticat Pulverized Coal. High Suifur - 500 MW - CC5 53z BY7 848
Circulating Fluidized Bed - 500 MW - CCS 532 B34 868
Supercritical Pulverized Coal - 500 MW - CCS 534 Bi4 48
Supelcritical Putverized Coal. High Suifur - 500 MW - CCS 538 810 840
Supercritical Pulverized Coal - 750 MW - CCS 51 785 817
Supercriical Pulverized Coal High Sullur - 750 MW - CCS 505 775 804
1x% 3CC - CC5 510 B o
2x1 IGCC - CCs 452 - e
2x1 [GGC. High Sulfur « CCS 464 rnn —
Wind Energy Conversion - 50 MW 259
Geothermal - 30 MW 484
Solar Photovoltaic - 50 kW 166
Solar Thermal. Parabolic Trough - 100 Mw 506 507 — e o - - — e o -
Sotar Thermal. Parabolic Dish - 12 MW 734 74 —— — — s nen —- — e
Solar Thermat. Genlral Receiver - 50 MW 171 772 773 713 773 774 T4 e e —- pa—
Selar Thermal. Solar Chimney ~ 56 MW 846 646 646 6485 ——- — - e ne m—
MSW Mass Burn - 7 MW 1741 1706 1671 1637 1602 1567 1632 1497 - e ——
ROF Stoker-Fired - 7 MW 1665 1755 1846 1836 2027 2117 2208 2288 2389 nr— -
Landfill Gas IC Eagine - 5 MW 455 508 561 614 667 719 T 825 878 931
TOF Multi-Feet CFB (19% Co-fire} - 50 MW 489 518 540 566 591 617 642 G6R 693 719 744
Sewage Slydge & Anaerobic Digestion - D85 MW 693 589 &84 681 677 673 668 663 657 650 e
Blo Mass {Co-Fire) 324 36 367 389 410 432 463 474 485 517 539
Molten Carbonate Fuel Cell - 300 kW 464 587 670 774 ar 80 1083 1188 1290 1363 e
Spark {gnition Engine - 5 MW 403 520 638 758 873 980 1108 1225 1343 146G e
Hydroelectric - New - 30 MW 473 A67 462 456 449 e rren —— ——n e [
Oitio Falls 510 293 287 281 273 e nnnr — - - S
Minimum Lavelized SIKW 103 196 237 225 364 386 407 420 442 435 428
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Levelized Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders

Exhibit 6

Capital Cost- High 2007 (SIhRW yr)
Heat Rate-Low
Fuel Forecast-Low Capaclty Faclors
Technolpgy 0% 10% 20% 30% 46% 50% 60% T0% B 0% 100%:
Pumped Hydro Energy Storage - 500 MW 194 257 320 - —m e ——— - e ——
Lead-Acid Battery Energy Storage - 5 MW ko) 329 387 - — en e —-- e
Compressed Air Energy Storage - 500 MW 181 257 333 e - o amn — — nra -
Simpie Cycle GE LMB0DD CT - Peaking Capacity 282 368 453 538 624 708 794 8B0D 965 1050
Sinple Gycle GE TEA CT - Peaking Capacily 243 a1 439 837 835 733 &N 929 1027 1125
Simple Cycle GE 7FA CT - Peaking Capacily 263 291 379 467 855 643 731 819 807 i)
Combined Cycle GE 7€£A CT - Intermediate Load 270 323 377 431 484 538 502 645 6499 753
Combined Cycle GE 7FA CT - Intermediate Load 210 257 303 350 97 444 491 538 584 631
Combined Cycle 2x1 GE TFA C7 - intermediate Load 184 231 2T 324 a7 414 465 512 568 605
Combined Gycle 3x1 GE 7FB CY - Iniermediate Load TR 210 ; : 488 534 581
Siemens 5000F CC €7 - Intermestiale Load 153 200 247 294 341 388 435 482 528 576 823
Humid Air Turbine Cycle CT - 366 MW 140 214 280 345 411 476 542 507 672 T8
Ketina Cycle CC CT - 282 MW 167 27 245 286 326 356 405 445 485 525 -
Cheng Cycie CT - 140 MW 174 223 27 320 3E9 418 466 515 564 613 -
Peaking Microlurbine - 0 03 MW 466 685 - — — s - —a— e - e
Baseload Microturbine - 0 03 MW 493 590 582 773 B&5 a5t 1048 1140 1232 1324 1416
Subcritical Pulverized Coal - 250 MW 388 418 438 458 478 498 519 539 559 578 599
Subcritical Pulverizad Coal - 500 MW 352 ar2 a9z 412 432 452 472 492 512 532 552
Subceitical Putverized Coal, High Sullur - 500 MW sy 376 205 414 433 451 470 489 508 527 546
Circidating Fluidized Bed - 250 MW 308 418 438 469 479 499 518 539 560 580 600
Circulating Fiuidized Bed - 500 MW 355 375 395 415 435 455 475 495 516 536 556
Supercrilical Puiverized Coal - 500 MW 361 380 398 417 436 455 473 492 611 530 548
Supercrilical Pulverized Coal. High Sulfur - 560 MW 85 383 401 420 438 456 474 493 51% 528 547
Supercrilical FPulverized Coal - 750 MW 336 55 75 394 413 433 452 471 4490 510 529
Supercriticat Pulverized Coal High Sulfur - 750 MW 339 357 375 3a3 412 430 448 ;
Frassurized Fluidized Bed Combustion 523 546 569 582 615 638 661
1x1IGCC 458 476 495 513 632 550 569
2x11GCC 410 428 447 465 483 502 520
2x1 IGCC, High Sulfsr 410 427 444 461 478 456 513
Suberitical Pulverized Coal - 500 MW « COS 687 718 745 773 802 831 BEO
ESubcritical Pulverized Coat. High Sulhur - 500 MW . CCS 696 723 751 778 206 833 860
Circulaling Fluitized Bed - 500 MW - CCS 699 128 757 786 815 Bdd 873
Supercrilical Pulverized Coal - 500 MW - CCS 694 721 748 775 802 829 856
Supercritical Pulverized Coal. High Suifur - 60 MW - CCS 703 729 755 a2 BoB B34 860
Supercriticat Pulverized Coal - 750 MW - CCS 658 6BB 714 741 66 785 823
Supercdtical Pulverized Coal, High Sulfur - 750 MW - CC5 664 690 716 742 768 794 820
1x1 IGCC - CCS 560 682 704 726 748 (] 743
241 IGCE - CCE 601 623 645 667 Gag Tz 734
2x1 IGCC. High Sulfur » CCS 803 624 645 GGG 6B7 708 729
Wind Energy Conversion « 50 MW Az 288 277 265 - o~
Grothermat - 3¢ MW 586 582 578 §74 5790 565 559
Salar Photovollaic - 50 kW 909 908 ren — o e - - wnn o
Sotar Thermal. Parabolic Trough - 100 Mw 592 593 — —=s - — v e — - wn
Sofar Thermal. Parabaolic Dish - 12 MW BE7 867 e - e — —— —— e — e
Solar Thermal. Central Receiver - 50 MW 8oy 838 Bag9 B99 900 G0 900 - - — -
Solar Thermat. Selar Ghimney - 50 MW 758 758 758 BT - - — —_— e —_— —
EMSW Mass Bum - 7 MW 1848 1824 801 1777 1753 1728 1706 1682  ~- —_ —
ROF Stoker-Fired - 7 MW 1831 1908 1985 2062 2119 2216 2293 2370 2447 e —
Landlill Gas IC Engine - 5 MW 487 510 534 557 581 804 628 651 675 698 e
TDF MylliFuel CFB {10% Co-ire) - 56 MW 582 604 526 648 668 691 713 735 757 778 BOD
Sewage Sludge & Anaerobic [igestion - 085 MW 758 755 751 746 742 738 733 728 7az e -
Bip Mass (Co-Fire} 391 408 428 446 454 483 501 519 537 556 5714
Modten Carbonate Fuel Cell - 300 kW 537 589 641 693 744 798 B4B 900 952 1004 —
Spark ignilion Enging - 5 MW 416 473 529 5B6 643 T00 758 813 870 926 -
Hydroelectric - Now - 30 MW 622 616 61t 605 589 - —m o o — e
Chic Falls $-1C¢ - 391 385 379 a72 s R — i e — —
Minlmum Levellzed SikW 115 163 210 256 abz 349 385 442 484 502 521
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Exhibit 6

Levelized Dollars af Various Capacity Factors With S02 Adders, without CO2 Adders, and with NOx Adders

Capltal Cost- High 2007 (SIRW yr)
Heat Rate-Low
Fuet Forecast- Basp . Capacity Factors

Technology 0% 10% 20% 3I0% 40% 50% 60% T0% 80% 0% 100%
Pumped Hydro Energy Slorage - 500 MW 194 257 azh - - e [ - -
Lead-Acid Batlery Energy Storage - 5 MW 271 328 387 — —— - - e v v -
Comptessad Air Energy Slarage - 500 MW 181 270 360 - e van nenn — — e o
Simpie Cycte GE LMBOOD CT - Peaking Capacity 197 310 424 537 650 764 BYv 980 1404 1217 133c

Simple Cycie GE TEA CT - Peaking Capacity ] 218 412 546 578 81z 945 1078 1212 1345 1478
Simple Cycle GE 7FA CT - Peaking Capacily 155 234 354 473 597 742 831 950 107G 1188 1308
Combined Cycle GE 7EA CY - intermediate Load 216 204 arz 450 528 696 684 762 84¢ 818 996
Combingd Cycie GE 7FA CT - Inlermadiate Load 183 231 299 367 435 503 571 B39 707 775 843
Combined Cycle 2x1 GE 7FA CT - Intermediale Load LYai 545 613 681 749 817
Combined Cycle 3x1 GE 7FB CT - Intermediale Load 454 521 588 656 723 190
Siemens 5000F CC CT - inlermediale Load 495 563 532 700 768 837
Humid Air Turbine Cycle CT - 366 MW 628 124 820 916 1012 —-
Kalina Cycle CC CT - 282 MW

Cheng Cycle CT - 140 MW

Peaking Microlurbine - D 03 MW

Baseload Microturbine - 0 03 MW

Subcritical Pulverized Coal - 250 MW

Subcritical Pulverized Coal - 500 MW

Subcritical Pulverized Goal, High Suifur - 500 MW
Ciroulaling Fiuidized Bed - 250 MW

Circulating Fiuidized Bed - 500 (W

Supercrilicat Puiverized Coat - 500 Mw

Supergrilical Puiverized Coal. High Suifur - 500 MW 365 384 402 421 439 458 476 495 513 532 550
Sugercrilical Pulvenzed Coal - 750 MW 336 356 375 395 415 434 454 473 493 513 532
Supercritical Pulverized Coal. High Sulfur - 750 MW 339 357 376 384 :

Prassurized Fluidized Bed Combustion 523 546 570 593

11 100 458 477

2x11GCC 410 424

2x11GCC, High Suifur 410 427

Subicriticel Pulverized Coal - 560 MW . CCS 687 716

Subcrilical Pulverized Coal, High Sulfur - 500 MW - CCS 696 724

Circufating Fluidized Bed - 500 MW - CCS 699 729

Suparcritical Putverized Coal - 500 MW - CGS 504 22

Supercrilical Puiverized Goal. High Sulfur - 500 MW - CC5 703 T30

Supergritical Puiverized Coat - 750 MW - CCS &59 687

Sugercriticg Pulverized Coal. High Sulfur - 750 MW - CCS 664 680

11 4GCC - CCS 660 682

2x1IBCE - CCS 61 623

221 IGCC. High Suliur - CCB 603 G24

Wind Energy Conversion - 50 MW 299 288 - e - e nn e -
Geothermat - 30 MW 585 582 570 565 559 563 547 540 533
Solar Phptovoltaic - 50 kW 809 808 - -— — e — —_ — —
FSolar Thermal. Parabolic Trough - 100 MW 502 1 B e — — —— — —- — —-
Solar Thermal. Parabofic Dish - 1 2 MW 867 ] — o - — — — — — -
Solar Thermal Central Receiver - 50 tW B9Y 898 893 B89 900 900 =4+ J— — J— —
Solar Thermat. Sclar Chimney - 50 MW 758 758 758 757 — e B - - nne —
MSW Mass Burn - 7 MW 1648 1822 1746 770 1144 AL 16892 1666 - o —
ROF Stoker-Fired - 7 MW 1831 18089 19886 2066 2145 2223 2302 2380 2450 —— e
Landfi{ Gas IC Engine - 5 MW 487 524 561 598 635 671 708 745 782 819 ——
TIF Muiti-Fue! CFB {10% Co-fire) - 50 MW 582 604 627 849 671 693 718 738 760 782 804
Sewage Sludge & Anaerobic Digeslian - 0BS MW 54 755 751 745 742 738 733 728 ¥az 716
Bio Mass (Co-Fira) jol=3| a6 428 447 466 484 503 521 540 559 577
Molten Garbonale Fuel Cel - 300 kW 837 612 688 763 839 914 aan 1088 1141 1246
Spark ignition Engine - 5 MW 416 501 885 670 754 839 923 1008 1093 1477 ——
Hydroalactric - New - 30 MW 622 816 81t 605 599 - - e — e o
Ohin Fals 8-10 391 385 79 372 e e - o o o "

MInlmum Levellzed SkW 115 184 252 265 386 433 450 468 487 505 524
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Exhibit 6

Levelized Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders

Capltal Cost- High 2007 {SthW yn)
Heat Rate-Low
Fuel Forecast- High . Capacily Factars

Technology 0% 0% 20%  30%  40%  50%  B0%  T0%  80%  90%  100%
Pemped Hydro Energy Siorage - 500 MW 194 757 A7 nen s - j— o —
Lead-Acid Battery Energy Storage - 5 MW 271 378 -y — o - o . — — wenn
Compressed Air Energy Slorage - 500 MW 181 283 381 e — Jo— - — — —

Simple Cycle GE LM&R00 CT - Peaking Capacily 468 803 738 874 1009 1144 1280 115 1550

Simpla Cycle GE 7EA CT - Peaking Capacily 466 848 1109 1270 1430 1581 1752
Simpie Cycle GE 7FA CT - Poaking Capacily 463 835 979 1123 1267 1411 1555
Cambined Cycle GE TEA CT - Intermiediate Load 410 700 797 6894 g3 1088 1184
Combined Cycle GE 7FA CY - inlermediate Load 332 586 670 755 839 824 1008
Combined Cycin 2x1 GE 7FA CT - Inlermediate Load 306 559 643 728 a1z 896 981
Combined Cycle 3x1 GE 7FB CT - Inlermediate Load 284 535 618 roz 786 870 853
Siemens 5000F CC CT - inlermediate Load 323 517 662 747 832 917 1002
Humid Air Turbine Cycle CT - 366 MW 388 747 867 986 1106 1226 o
Kakina Cycle CC CT - 282 MW 353 532 605 677 750 B23
Cheng Cycle CT - 140 MW 349 611 668 786 874 961  ~—
Peaking Microturbine - 6.03 M e v e — o e ——
Baselvad Microlurbine - G 03 MW 833 1337 1504 1672 1840 2008 2175
Subcritical Pulverized Coal - 250 MW 441 505 526 548 569 591 612
Subcrilical Pulverized Coal - 500 MW agh 458 480 501 522 544 H565
Suberiticat Pulverized Coad, High Sulfur - 500 Mw 397 A58 478 498 518 538 558
Circefating Fiuidized Bed - 260 MW 441 506 527
Cireulating Fiuidized Bed - 500 MW 398 462 483
[Supereritical Pulverized Coal - 500 MW 401 461 481
Supercritical Pulverized Coal. High Suifur - 500 MW 404 462 482
ISuparcritical Pulverized Coal - 750 MW 3ry 434G 4560
Supercriticat Pulverized Coal. High Sullur - 750 MW 378 et R L)
Pressurized Fluidized Bed Combustion 572 645 670
1x11GCC 497 556 576 585 615 faaad -
2x1 1GCC 449 508 527 547 566 B el
2x7 [GCC, High Sulfur 446 01 519 537 556 -~ -~
Subcritical Pulverized Coal - 500 MW - CCS 748 840 871 and 932 5§52 993
Subceritical Puiverized Coal, High Sulfur - 500 MW - CCS 696 725 754 844 gvo B99 928 a57 967
Circulating Fluldized Bed - 500 MW - CCS 699 730 7861 853 884 915 946 976 1007
Sypercrilical Pulverized Coal - 500 MW - CCS 694 723 752 B36 857 BYE 925 954 982
Supsarctilicai Pulverized Coat High Sulfur - 500 MW - CC5 703 ™ 758 Ba2 B89 897 925 853 980
Supercritical Putverized Coal - 750 MW - CCS 6559 688 KAk 804 833 862 692 921 950
Supercritical Pulverized Coal. Migh Sulfur - 750 MW - CCS 664 802 829 a5y 884 912 939
%1 1GCC - CC8 660 778 801 825 843 —— ——
2x1IGCC - CCS 601 718 742 766 789 e —_
2x1 IGCC. High Sulfur - CCS 603 715 137 759 782 o -
Wing Energy Conversion - 50 Mw 299 o -— o e —- e o
Geotharmal - 30 MW 586 570 565 55% 553 547 540 533
[Solar Photovoilaic - 50 KW 909 - -— — —— — — e -—
Solar Thermal. Parabalic Trough - 100 MW 582 593 - - e - —— o = -— e
Solar Thermal Parabolic Dish - 1 2 MW 867 BET e e — e - - o ——- -
Solar Therma!. Ceniral Receiver - 50 MW 897 898 B99 899 500 900 s - - s -
Sotar Thermal. Solar Chimney -~ 50 MW 758 758 758 TE7 e — n neen - — man
MSW Mass Bum - 7 MW 1848 1820 1791 1763 1735 1707 1678 65 — -
ROF Sloker-Fired » 7 MW 1831 1913 1996 2078 2181 2243 2326 2408 2491 -
{tandfif Gas IC Engine - 5 MW 487 534 582 628 676 724 T B18 856 813 -
TOF dudti-Fue!l CFB {10% Co-fire} - 50 MW 582 605 629 652 676 639 722 146 769 192 B15
Spwage Sludge & Anaerobic Digestion - 085 MW 759 755 751 746 742 736 733 728 722 716 e
Bin Mass {Co-Fire) 3N 411 430 450 469 489 508 528 547 667 586
Mollen Carbonale Fuei Cell - 300 kW 537 & 725 B1B M2 1006 1160 1194 1288 1381 —
Spark Ignition Engine - 5 MW 416 522 629 738 841 47 10464 1160 1266 13712 -
Hydroafectric - New - 30 MW 622 616 &1 605 588 - — - nn —- ——
Ohip Falis 9-10 391 385 e 372 s - - rwn —- e
Minimum Levelized SThW 115 201 207 265 416 436 455 475 494 513 533
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Exhibit 6

Levelized Dollars at Various Capacity Factors With 502 Adders, without CO2 Adders, and with NOx Adders

Capitai Cost- High 2007 (STkW yr}
Heat Rate- Base
Fuel Forecast-Low » Capacity Faclors

Technology 0% 10% 20% 6% A0% 50% 60% T0% 80% 40% 100%
Pumped Hydro Energy Storage - 500 MW 184 257 320 - e - — —— —_ - o
Lead-Acid Baltery Energy Storage - 5 MW 274 328 w7 - — o e - —-- - -
Compressed Air Energy Storage - 500 MW 183 258 336 - - —— o e s nenn v
Simple Cycle GE LMBO0G CT - Peaking Capacity 198 286 374 902 jekelv] 1978

Simple Cycle GE 7EA CT - Peaking Caparity 247 349 957 1058 1158
Simple Cycle GE 7FA CT « Peaking Capacily 207 289 847 938 1029
Combined Cycle GE TEA CT - Inlermediate Load 247 273 329 666 723 778
Combined Cycle GE 7FA CT - Intermediale Load 164 213 262

Combined Cycle 2x1 GE 7FA CT - Inlermediate Load
Combined Cycle 3x1 GE 7FB CT - Intermediate Load
Sigmens 5000F CC CT - intermediate Load

Humid Air Turbine Cycte CT « 366 MW

Kafna Cycle CC CT - 282 MW

Cheng Cycle CT - 140 MW

Peaking Microlurbine - 0.03 MW 467
Baseload Microlurbing - 0 03 MW

Subcritical Pulverized Coal - 250 MW

Subcritical Pulverized Coal - 500 MW

Subcrilical Pulverized Coal, High Suliur - 500 MW
Circulating Fluidized Bed - 250 MW

Circulating Fluidized Bed - 500 MW

Supercritical Pulverized Coust - 500 MW
Sugercritical Pulvesized Coal High Sullur » 500 MW
Supercritical Palverized Coal - 760 MW
Supercritical Pulverized Coal High Suifur - 760 MW
Prassurized Fluidized Bed Combustion

7

1x11GCC

2x11GCC 410 428 448 467 487 506 525 544 8563 - —
2x1 1GCC, High Sulfur 410 428 446 464 481 499 517 535 553 e —
Subcriticai Pulverized Coal - 500 MW - CCS £87 17 T4 717 807 B37 867 897 927 957 988
Subcritical Pulverized Coal. High Sulfur - 500 MW - CCS 688 725 753 a2 B1c B39 868 fateis) 925 953 982
Circtiating Faadized Bed - 500 MW - CCS €609 729 750 790 826 850 ag1 911 941 a72 1602
Supercritical Pulverized Coal - 500 MW - CCS 694 722 751 e 8c7 835 864 Boz 920 o949 ary
Supercrilical Pulvarized Goal. High Sulfur « 500 MW - CCS T03 T30 758 785 B2 839 857 B94 921 949 o786
Supercrilical Pulverized Coat - 780 MW - CCS 659 688 116 745 773 802 830 B59 agr 816 944
Supercrilical Puiverized Coaé High Sulfur - 760 MW - CCS 664 691 78 745 72 799 826 BE54 881 j21v) 935
1x11GCC - CC8 560 633 708 729 752 775 798 821 845  —- -
2x11GCC - CC8 601 624 647 670 693 716 735 162 786 e ———
2x14GCC. Migh Suifur - CCS 603 625 847 659 691 713 T35 15T e — —
Wind Energy Conversion - 56 MW 289 288 277 263 o e - -- - —
Geothermal - 30 MW 586 582 578 574 570 565 559 553 547 540 533
Solar Photoveltaic - 50 kW gca 808 — -— —- —— e s - e
Solar Thermal, Parabolic Trough - 100 MW 592 593 e — — — — -
Solar Therma!. Parabolic Dish - 12 MW 887 B67 —_— — — e e - o e
Solar Thermat. Ceniral Receiver - 50 MW 887 898 B9G B89 00 an0 900 e e e e
Solar Thermat Sclar Chimney - 50 MW 758 758 758 TET e e - ~— —-- - ——
MSW Mass Burn - 7 MW 1848 1821 1794 1768 74 1714 1687 166D nen wnn en
RDF Sioker-Fired - 7 MW 1831 1912 1593 2073 2164 2235 2346 2397 2478 .- e
Landfill Gas iC Engine - § MW 487 512 537 562 587 612 837 662 687 72—
TOF Mulli-Fuel CFB {10% Co-lire) - 50 MW 582 605 628 651 674 697 720 743 765 788 811
Sewage Siudge & Anaerobic Digestion - 085 MW 59 755 751 747 74z 738 734 729 723 Ty -
Bic Mass (Co-Fire) 39 410 428 449 468 487 508 525 545 564 583
Molten Carbonate Fuei Cell - 300 kW 538 592 647 701 755 810 864 918 973 1027 ween
Spark Ignition Engine - § MW 418 478 537 597 657 716 78 836 8g5 955 -
Hydroetectric - New - 30 MW 622 6i6 611 605 508  —- ——- — — — Ies
Ohio Falls 8-10 391 385 379 372 — o o e —on o o

Minimum Loveilzed S/KW 116 186 215 263 12 360 409 a57 491 510 528
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Exhibit 6

Levelized Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders

Capital Cost- High 2007 (STHW yr)
Heat Rate- Base
Fuel Forecast- Base Capaclty Factors
Technology 0% 10% Z0% 30% 40% 50% 60% 70% 80% 90% 180%
Pumped Hydro Energy Blorage - 500 MW 194 257 320 —rn - - - - —- — —
Lead-Acid Battery Energy Storagn - 5 MW 271 329 387 e e nmn neam - enr - s
Compressed Air Energy Sterage - 500 MW 181 272 364 o —— o nen e s e e
Isimple Cycle GE LMB000 CT - Peaking Capacity kRI: BB 906 1024 1142 1260 1378
Simple Cycle GE TEA CT « Peaking Capacity 285 839 g8 1117 1255 1394 1533
Simple Cycle GE TFA CT - Feaking Capacily 241 739 884 989 1113 1238 1363
Combineg Cycie GE YEA CT - Intermediate Load 299 6525 767 789 870 952 1034
Combined Cycle GE 7FA CT - intermediale Load 521 582 664 735 BOG 878
Combined Cycle 2x¥ GE 7FA CY - Intermediate Load 494 685 636 708 779 850
Combined Cycle 3xt GE 7FB C7 - Intermediale Load 471 542 612 683 53 824
Siemens S000F CC CT - Inlermediale Load 512 584 655 Tar 799 870
{Humid Air Turbine Cycle TT - 366 MW 653 754 855 955 1066 —-
Kalina Cycle CC CT - 282 MW 475 538 547 659 120 e
Cheng Cycle CT - 140 MW 544 618 692 765 838
Faaking Microlurbine - 0 03 MW 467 635 - — — — —— e e e —
Baseload Microlwhine - 003 MW 501 642 783 924 1066 1207 1489 1630 1771 1912
Subcritical Pulverized Coal - 250 MW 398 419 441 462 483 564 547 568 530 611
Subgriticel Pulverized Coal - 500 MW 352 373 355G 416 437 458 501 522 544 565
Substitical Pulverized Coal, High Sulfur - 566 MW sy 3rr 397 417 437 457 497 517 537 857
Circigating Fluidized Bed - 256 MW 398 420 444 463 484 BOE 549 570 592 613
Circuiating Fluidized Bed - 500 MW 355 376 398 419 441 462 505
Supercrilical Pulverized Coal - 500 MW 361 381 401 421 441 461 801
Supercriticat Pulverized Coal. High Sulfur - 500 MW 365 384 404 423 442 462 500
Supereritical Pulverized Coal - 750 MW 336 357 377 398 418 439 480
Supercrilical Pulverized Coal High Sulfur - 750 MW 338 358 378 397 416 Co43b ATE
Pressurized Fluidized Bed Combustion 523 547 572 8496 621 645 694
1%3 1GGC 458 478 497 547 536 556 595
2x1 1GCC 410 430 449 469 488 508 547
2x1 1BCC, High Sulfur 410 428 446 465 483 501 537 -
Subcritical Pulverized Cea!l - 500 MW - CCS B6B7 718 748 79 E09 840 901 832 962 93
Suberilical Pulverized Coal, High Sulfur - 500 MW - CCS 696 125 754 783 B12 841 899 o928 a57 aa7
Girculating Fluidized Bed - 500 MW - CCS 699 T30 161 il 822 853 915 946 976 1007
Supercrilicat Pulverized Coat - 500 MW - CCS 694 73 752 781 808 838 846 925 954 882
Supercrilicat Pulverized Coal. High Sullur - 500 MW - CCS 703 731 758 786 814 842 aa7 925 453 880
Supercrilical Pulverized Coal - 750 MW - GCS 653 888 747 746 775 804 462 891 820 944
Supercritical Fulverized Coal. High Sulfur - 750 MW - CCS 664 692 719 747 774 802 857 B84 912 939
1x1I1GCC - CCS 560 683 T 130 754 777 824 B47T -
21 1GCC - CCSs 601 624 648 671 695 748 785 788 e
2x1 IGCE. High Sullyr - CCS 503 625 592 745 758 782 — —
Wind Energy Conversion - 50 MW 299 288 e — ——- -— —_ - s
Geothermal - 3¢ MW 586 582 570 565 559 553 547 540 533
Solar Pholovollaic - 50 kW 900 908 — —— e - e e — . —
Solar Thermal. Parabolic Trough - 160 MW 562 583 e o e - — - - - —
Solar Thermal Parabolic Dish - 12 MW 867 B6T e o o e nren ne e e
Solar Thermal Ceniral Regeiver - 50 MW as7 898 B39 899 9500 900 900 e - - -
Solar Thermal, Solar Chimney - 5G MW 758 758 758 157 - — — - - - —
MEBW Mass Bum - 7 MW 1848 1819 1790 176G 1731 1702 673 1644 e wen s
ROF Sloker-Fired - 7 MW 1831 1813 1995 078 60 2242 2324 2407 2489 . —_
Landfit Gas I1C Engine - 5 MW 487 526 565 €04 B43 GBI 722 761 2800 83—
TDF Muti-Fue! CFB (10% Co-firg) - 50 MW 582 605 629 652 675 G9B 722 745 768 91 814
Sewage Sludge & Anaprebic Digestion - 085 MW 759 753 751 a7 742 738 734 728 723 i —
Bip Mass {Co-Fire} Kith| 411 430 450 469 488 508 528 547 567 586
Maolten Carbonate Fuel Cell - 300 kw 538 817 696 776 855 934 1013 1092 1M 1251 n
Spark ignition Engine - § MW 418 507 556 685 774 863 952 041 1130 1218
Hydroelectric - New - 30 MW 622 618 611 605 588 - — — e een oen
Ohin Fails 9-10 391 385 378 2 e — nnn aen e e
Minimum Levelized SRW 116 1689 255 265 400 436 455 475 494 513 £33
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Exhibit 6

Levelized Dollars at Various Capacity Factors With $02 Adders, without CO2 Adders, and with NOx Adders

Capital Cost- High 2007 (SHW yr}
Heat Rate- Base
Fuol Forecast- High Capacity Factors

Technology {% 0% 20% N 40% 50% 60% 70% 80% 890% 100%
Pumped Hydro Energy Storage - 500 MW 194 257 20 - - -— e o o e e
Lead-Acid Ballery Energy Storage - 5 MW 271 Rrat) 387 - —_ — — - - e
Compressed Air Energy Storage - 500 MW 181 284 38 - - o — —— —— — -—
Simple Cyele GE 1MB000 CT - Peaking Capacity 198 339 479 620 761 901 1042 1183 1323 1464 1605

Simple Cycle GE 7EA CT - Peaking Capacity 313 481 648 815 983 1150 1317 1485 1652 1819
Simple Cycle GE 7FA CT - Peaking Capacily SRR 267 417 568 718 fils] 1020 171 1321 1472 1623
Combined Cycle GE TEA CT - Intermadiate Load 257 319 420 522 624 725 827 929 1030 1132 1234

Combined Cycle GE TFA CT - Intermadiale Load 164 253 342 430 519 608 687 785 B74 963 10562
Combined Cycie 2x1 GE 7FA CT - Intermediate Load 138 27 315 404 492 58% 670 758 B47 935 1024
Combined Cycie 3x1 GE 7FB CT - Intermediate Load 118 ! 254 B2 469 557 845 733 821 909 096
[Siemens 5000F CC CT - intermediate Losd 154 a3z 421 510 599 684 778 B6T 956 1045
Humid Air Turbine Cycée CT - 366 MW 150 276 401 527 853 778 904 028 11558 1281 ——
Kalina Cycle CC CT - 282 MW 168 245 321 -
Cheng Cycle CT - 140 MW 174 266 358 —
Peaking Microturbine - 0.03 MW 467 876G - -
Baseload Microlurbine - 003 MW 501 &77 853 2263
Subcritical Pulverized Coal - 250 MW 398 420 443 622
Subcritical Pulverized Coal - 500 MW 352 374 397 5768
Subcritical Pulverized Coal, High Sullur - 500 MW 357 arg 393 567
Circuialing Fluidized Bed - 250 MW 398 421 443 624
Circulating Fluidized Bed - 500 MW 3185 377 400 579
Supercrilical Pulverized Coal - 500 MW 381 3s2 403 571
Supercrilical Pulverized Coal. High Sullur - 500 MW 385 388 466 568
Supercritical Pulverized Coal - 750 MW 338 357 379 551
Supercritical Pulverized Coad. High Sutfur - 750 MW 339 359 379 541
Pressurized Fluidized Bed Combustion 523 549 574 —
1x3 1GCC 458 478 499 -
221 1GCC 410 430 151 f—
2x1 IGCC, High Suliur 410 429 448 ——
Subcrilicat Pulverized Coal - 500 MW - CCS 687 719 75 1007
Subicriticat Pulverized Coat, High Sulfur - 500 MW - CCS 696 726 757 787 B8 848 878 809 9539 870 1000
Circulating Fluldized Bed - 560 MW - CCS 689 Xyl 764 796 828 B&O 893 925 957 08y 1022
Supercrilicat Pulverized Coal - 500 MW - CCS 694 724 754 785 815 B45 875 805 935 956 906
Suparcrilicat Pulverized Coal, High Sulfur - 500 MW - CC5 703 732 761 790 B19 B48 B77 808 935 964 993
Supercritical Pulverized Coal - 760 MW - CCS 659 BBY 720 756 81 811 841 B72 902 932 963
Supercrilical Pulverizeg Coal High Sulfpr - 750 MW - CCS 664 693 721 750 79 808 836 B65 894 923 951
1%1 1GCC - CCS 660 758 783 B0B 832 857 — e
2x11GGC - CCS 61 699 724 749 773 798 - -
2x1 1GCC. High Sullur « CCS 1ex] 697 720 744 767 780G s e
Wind Energy Conversion - 50 MW 249 —_ - e e -
Geothermat - 30 MW 586 570 ) 559 553 547
Sotar Fhotovollaic - 56 kW 2089 - o o e o —— ——
Solar Thermal. Parabolic Trough - 100 MW 592 503  -— — — - e — - e e
Solar Thermal. Paraboiic Dish - 12 MW 867 BE7 e o — - ——— - - —_ o
Solar Thermal. Central Receiver - 50 MW B97 a9a B9% B9Y S00 200 800 e v rrer s
Sclar Tharmal Solar Chimney - 50 MW 758 758 758 757 - - e e — s s
MSW Mass Burn - 7 MW 1848 817 11e5 17454 1722 1691 1659 1628 — E —-
ROF Stoker-Fired - ¥ AW 1831 1817 2004 2000  24¥r 2263 2350 2438 2523 - —-
Landfill Gas 1C Engine - 5 MW 487 537 587 637 687 738 788 88 808 938
TRF Multi-Fuet CFB {10% Co-ire) - 50 MW 582 606 631 655 680 704 729 753 778 BO2 826
Sewage Sludge & Anagrcbic Digestion - 085 MW 758 755 751 747 742 738 734 728 723 7%
Bio Mass (Co-Fira} 391 412 432 453 473 494 514 535 555 576 596
Molten Carbonale Fuel Cell - 300 kW 538 637 el 834 932 1031 1129 1228 1326 "W2s
Spark ignition Engine - 5 M 418 530 642 783 B65 a77 1089 1201 1312 1424 —
Mydroelectric - New - 30 MW 622 616 611 605 599  — -— — - — —
Qhio Falis 816 N 13'85 379 372 e — e o ——mm - -—
Minimum Levellzed SIW 116 206 277 265 420 44G 460 481 501 521 533
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Exhibit 6

Levelized Dollars at Various Capacity Factors With S02 Adders, without CO2Z Adders, and with NOx Adders

Capllal Cost- High 2007 {SIxW yr)
Heat Rale- High
Fuel Forecast-Low Capaclty Faclors

Technology 1% 0% % 30% 40% 8% 60% T0% B6Y H0% 100%
Fumped Hydro Enefgy Storage - 500 MW 194 257 20 - - - —— — —— — —-
{_ead-Acil Bailery Energy Storage - 5 MW 27 329 387 — — e —— - -
Compressed Air Energy Storage - 560 MW 181 260 338 — — -—e- - e o e
Simple Cycle GE LME00O CT - Peaking Capatily 199 290 382 473 747 838 930 1021 1112

Simple Cycle GE TEA CT - Peaking Gapacily 252 58 463
Simple Cycle GE TFA CT - Peaking Capacity i 212 08 401
Combined Cycle GE TEA CT - Inlermediale Load 218 21 336 395

571 630 689 748 806
Combined Cycle GE 7FA CT - Intermediate Load 165 216 267 319 472 524 575 626 677
Combined Cycle 2x1 GE 7FA T - inlermediate Load 138 80 549 800 651

Combiined Cycle 3x1 GE TFB CT - inlermediate Load 118 524 575 626
Siemens 3000F CC CT - Intermediale L.oad 155 568 614 671
Hurnid Alr Turbine Cycle CT - 3668 MW 152 727 788 -~
Kalina Cyele CC CT - 282 MW 168 516 BBO e
Cheng Cycle CT - 140 MW 175 602 858 -
Peaking Microturbine « D 03 MW 468 — e [
Baseload Microturbine - 0 03 MW 804 1310 1410 1611
Subcritical Pulvarized Coal - 250 MW 358 573 595 616
Subcritical Pulverized Coeal - 500 MW 352 527 549 570
Subcritical Pulverized Coal, High Sutfur - 500 Mw as7 521 542 563
Circulating Fluidized Bed - 250 MW iei] 575 597 619
Circulating Fluigized Bed - 500 MW 355 531 553 575
1Supercritical Pulverized Coal - 500 MW Bt 525 546 566
Supercrilical Pulverized Coal High Sullur - 500 MW 65 564
Supercrilical Pulverized Coal - 750 MW 338 547
Supercrilical Pulverizes Coal, High Stfur - 750 MW 338 537
Pressurized Fluidized Bed Combustion 523 —
1x% IGCC 458 478 498 518 538 558 579 599 619 e —
2% 1GCC 410 430 450 470 450 510 530 550 510 - —
2x1 IGCC, High Sulfur 410 429 447 466 484 503 521 540 858 - nn
Subcriticat Pulverized Coat - 500 MW - CCS 687 718 750 781 813 844 B75 907 938 969 1001
Subcritical Puiverized Coat, High Sulfur - 500 MW - CCS 605 726 755 785 815 845 874 904 934 954 ik}
Circulating Fluidized Bed - 500 MW - CCS 699 731 762 794 az5 857 B89 920 8582 983 015
Supercical Pulverized Coat - 500 MW - CCS 694 724 753 TB3 812 842 BT 801 930 960 884
Supercritical Pulverized Coad High Sullur - 500 MW - CCS 703 731 760 788 Bi7 845 B73 802 830 959 oB7
Supercritical Pulverized Cost - 750 MW - CCS 659 689 78 748 178 acs Ba7 867 897 927 a56
Supercritical Pulverized Coal High Sulfur - 750 Mw - CCS 664 692 720 748 777 BCE B33 881 888 918 946
ix1iGCC - CCS 660 684 708 732 757 781 805 829 852 —_ —
2x1iGCC - CCS 601 625 649 673 697 721 T45 789 83— e
2%1 IGCG . Migh Sulfur - GCS 603 826 649 671 694 717 740 763 786 — -
Wind Energy Conversion - 50 MW 299 288 —- e e — —

Geothermal - 30 MW 586 582 570 565 559 553 547

Sotar Photoveltaic - 50 kW 909 808 - — — --- — v e

Solar Thermal. Parabolic Traugh - 100 MW 592 583 - o —- —n ——— o e —— —
Solar Thermal. Parabalic Dish - 12 MW 867 BEY — — — — —— — e e
Solar Thermal. Ceniral Recelver - 50 MW 897 858 699 899 ann ann 200 -~ — — —
Solar Thermat. Solar Chimney - 50 MW 758 768 758 787 - e o —— —en — -
MSW Mass Bum - 7 MW 1848 1818 1189 1759 17129 1699 870 1640 — nnn e
ROF Sioker-Firad - 7 MW 183 1995 2000 2084 2169 2253 2338 2422 2507 e -
Landfill Gas {C Engine - 5 MW 487 514 540 567 583 620 646 673 699 726 -
TOF Multi-Fuei CFB (10% Co-fire) » 50 MW 582 606 630 634 678 702 726 749 773 a7 B21
Sewage Sludge & Anagrchic Digeslion - 085 MW 759 5% 751 747 743 738 734 730 724 78 —
Bio Mass (Co-Fire) 3 411 431 451 471 481 812 532 552 572 592
Muiten Carbenale Fuel Cell - 300 kW 539 596 653 708 766 823 a8¢ 937 993 1050 -
Spark ignition Engine - 5 MW 419 B2 545 807 670 733 7895 858 921 f21:F: R—
Hydroelectric - New - 30 Mw §22 616 611 505 598 e s — —_ — e
QOhio Falis 9-10 391 385 379 372 s e e — - e e

Minlmum Leveilzed S/kW 117 169 220 2565 321 372 423 373 497 517 533
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Exhibit 6

Levelized Dollars at Various Capacity Factors With 502 Adders, without CO2 Adders, and with NOx Adders

Capitat Cost- High 2807 (S/kW yr}
Heat Rate- Righ
Fuel Forecast- Base Capacity Factors

Technalogy 0%  10%  26% 500  A0%  50%  B0%  70% _ B0% _ 90% _ 100%
Pumped Hydro Energy Slorage - 500 MW 194 257 320 e e wn —— — —- —-- ——
Lead-Acid Battery Energy Storage - 5 MW 271 29 387 — e -——- —_— —~—— e e o
Compressed Alr Energy Slorage - 500 MW 181 275 369 — —en - o o —-n —
Simpée Cycle GE LMG000D CT - Peaking Cagacily 199 3z 443 565 687 BOG 931 1053 1175 1297 1419

Simpie Cycle GE TEA CT - Peaking Capaciy 20% 435 578 723 867 1011 1155 1289 1443 1687
Simple Cycle GE 7FA CT - Peaking Capacily 248 376 505 634 784 693 1G22 11562 1281 1410
Combined Cyele GE 78A CT « Inesmediate Load 304 389 475 580 Bag 31 817 902 988 1073
Combined Cycle GE 7FA CT - Inlermediate Loagd 165 240 314 389 464 538 613 687 762 B37 o1y
Combined Cycle 2x3 GE 7FA C7T - Inlermediate Load 288 512 587 661 736 B11 885
Combined Cycle 3x1 GE 7FB CT - Intermediale Load 2
Sigmens 5000F CC CT - intermediale Load

Humid Alr Turhine Cycle CT - 366 MW

Kaiina Cycle CC CT - 282 MW

Cheng Cydie CT - 140 MW

Peaking Microturbine - 0 C3 MW

Baseload Microturbine - 0 03 MW

Subceritical Pulverized Coal ~ 250 MW

Subgritical Pulverized Coal - 500 MW

Subcritical Pulverized Coal, High Sulfur - 500 MW
Circuialing Fiuidized Bed - 250 MW

Circutaling Fluitized Bed - 500 MW

679 785 890 996 1101 e

1835

466 489 513 533 556 578

Supercriticel Pulvesized Coat - 500 MW 361 382 403 424 444 465 486 507 528 549 569
Supercritical Pulverized Coat. High Sulfur - 500 MW 365 385 405 426 567
Supercritical Pulverized Coat - 750 MW 336 57 are 400 550
Supercrilical Pulverized Coal. High Sulfur - 750 MW 339 359 39 359 540
Pressurized Fuldized Bed Combustion 523 549 574 860 s
IxHIGCC 458 478 499 515 —
%1 IGCC 410 430 451 471 ——
21 1GCC, High Sutfur 410 429 448 487 4R6 505 £23 542 881 — —
Suhcritical Pulverized Coal - 500 MW - CCS 6BY 719 751 782 814 846 a1y H 942 o973 1005
Subcritical Pulverized Coal. High Suifur - 500 MW - CCS 696 726 57 787 817 847 878 908 838 969 989
Circulating Fluidized Bed - 500 MW - CC5S 699 ™ 763 785 828 860 ag2 924 956 988 1021
Supercriticat Pulverized Coal - 500 MW - CCS 694 724 754 784 914 844 74 804 934 868 995
Supercritical Pulverized Coal. High Sutfur - 560 MW . CCS T03 732 761 780 818 B47 875 905 834 863 991
Supercritical Palverized Coal - 750 MW - CCS 659 889 720 750 780 810 841 BT a0 a3z 962
Suparcritical Pulverized Coal. High Suilur - 750 MW - CCS 664 853 i T80 T 867 $38 864 803 az2 850
1x11GCC - CCS 660 684 09 733 758 782 807 831 57 B e
21 1GCC - CCS 601 625 599 723 748 T2 97 - e
201 GCC. High Sulfur - CCS 503 626 596 720 743 766 788 — ——
Wintt Energy Conversion - 56 MW 209 288 o - - — —
Geotharmal - 30 MW 586 502 870 565 555 553 547
Sofar Photovoitaic - 50 kw 909 a0g - — — ——— — — ——
Sotar Thermal. Parabolic Trough - 100 MW 592 5931 - ——- -— - — e e e
Sotar Thermal. Parabolic Dish « 12 MW a67 867 — - —- -—- — -~ — —
Solar Thermal, Ceniral Receiver - 50 MW 897 Bo8 899 B9Y 800 800 e — - —-- -
Sotar Thermal, Solar Chimney - 50 MW 758 758 758 5T e e - — —n e
MEW Mass Burn - 7 MW 1848 1816 1783 1751 1718 1668 1654 w2 —-- —-
RI}F Stoker-Fired - 7 MW 1831 1917 2003 2088 2175 226t 23t 2433 2549 —enn
Landfill Gas IC Engine - b MW 487 528 570 G611 652 694 T35 776 818 B59  eean
TDF Multi-Fuel CFB {10% Go-fire} - 50 tMW 582 B0B 631 655 679 704 728 752 T 801 825
Sewage Sludge & Anaerobic Digestion - 085 MW 759 755 751 747 743 739 T34 730 724 FAL: B
Bio Mass (Co-Fire} s 411 432 462 473 493 514 534 554 575 555
IMoltan Carbonate Fuel Cell - 300 oW 535 622 705 788 BT 953 1036 1919 1202 1285 -
Spark Ignition Engine - 5 MW 418 512 606 699 83 886 979 1073 1166 1260 ween
Hydrosiectric - New - 30 MW 622 616 631 605 599 - e e e - -
Chio Faits 9-10 304 385 379 72 - o e e en e e
Minimum Levelized SIKW 17 192 265 265 413 440 460  4BG 500 G20 533
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Exhibit 6

Levelized Dollars at Various Capacity Factors With SO2 Adders, without CO2 Adders, and with NOx Adders

Capital Cost- High 2007 [V yr)
Heat Rate- High
Fual Foracast- High - - Capacity Factors

Technology 0% 10% 20% 0% 40% 5 B0% 70% B0% 0%  106%
Fumped Hydro Energy Storage - 500 MW 184 257 320 - —— o — — - o
{.ead-Ackd Raliery Energy Storage - 5 MW 271 320 ae? - — .- ——en — e i ——
Compressed Air Energy Storage - 500 MW 18% 288 392 — .- - v - e — -

Simple Cycle GE £MBO0D CT - Peaking Capacily
Simple Cycie GE 7£A CT » Peaking Capacity

Simple Cycle GE 7FA CT - Peaking Capacity
Lombined Cycle GE TEA CY - inlermediale Load
Combined Cycle GE TFA CT - Inlermediale Load
Combined Cycle 2x1 GE TFA CT - intermediate Load
Comhined Cycle 3x1 GE 7FB CT - intermediate Load

346 497 638 786 837 1079 1226 1372 1519 1666
2z 486 671 846 1020 1195 1370 1544 1719 1894
274 430 587 744 800 1657 1214 1370 1527 1684
324 431 537 643 750 856 962 1069 1176 128
258 351 444 536 629 722 B16 408 1001 1043

302 394 488 578 670 763 855 947 1039

Siemens 5000F CC CT - Islermediale Load 342 8o [0z 985 1GB8
Hurid Alr Turbine Gycle GT - 366 MW 415 1073 1205 ) I S—
Kalina Cycle CC CT - 282 MW 329 730 B1% 891 -
Cheng Cycle CT - 140 MW 367

Peaking Microturbine - 0.03 MW

Baseivad Microturbing « 0 03 MW

Subcrilical Pulverized Coal - 250 MW

Suberilical Pulverized Coal - 500 MW

Suberilical Fulverized Coal, High Sutur - 500 MW
Circulating Fluidized Bed - 2680 MW

Circulating Fluidized Bed - 500 MW

[Supercritical Pulverized Coal - 500 MW
Supercritical Pulverized Coal High Sulfur - 560 MwW
Supercrilical Pulverized Coal - 750 MW
Supercritical Pulverized Coal. High Sulfur - 750 MW

Pressurized Fluidized Bed Combustion

1x1IGCC 08 2L — o
2x11GCC 559 580 - o
2x1 1GCC, High Sulfur 549 569 .~ —

Subcritical Pulverized Coal - 500 MW - CCS

Subcritical Puiverized Coal, High Sulfur - 500 MW - CCS
Circulating Fluidized Bed - 500 MW - CCS

Supercritical Palvetized Coal - 500 MW - CCS
Supercritical Pdverized Ceal. High Sulfur - 500 MW - £CS
Supercritical Pulverized Coal - 750 MW - GCS
Supercritical Puiverized Ceal High Suifur - 750 MW - CCS
1x1 IGCC - CCS

2x1I1GCC -CCS

2x1 IGCC. High Sulfur » CCS

Wintg Energy Convarssion - 50 MW

Geotharmal - 30 MW

Sular Photovoltzic - 50 kW

Solar Thermal. Parabolic Trough - 100 Mw

Solar Thermal. Parabolic Dish - 1 2 MW

Solar Therrsal. Central Receiver - 56 MW

Solar Thermal. Solar Chimney ~ 50 MW

MBW Mass Bum - 7 MW

RDF Stoker-Fired - 7 MW

Landfill Gas IC Engine - § MW

TDF Multi-Fuel CFB (10% Co-fire} - 50 MW

Sewage Sludge & Anaerobic Digestion - 085 MW

Bip Mass (Co-Fire}

Molten Carbonate Fuel Cell - 300 kw

Spark Ignition Englna - § MW

Hysdroelectric - New - 30 MW

Ohio Fails 9-10

Minimum Levellzed S/kW 277 765 423 445 466 487 568 529 533
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Exhibit 8

30-Year Levelized Cost for
All Technologies over All Capacity
Factors with CO, Emissions
(High Price Forecast)



Exhibit 8

Levelized Dollars at Varicus Capacity Faclors With SO2 Adders, with High C0O2 Adders, and with NOx Adders

Capltal Cost- Base 2007 (SIKW yr)
Haat Rate- Base
Fuel Forecast- Base o _— . Capaclty Fa_ctors

Technology 0% 10% 20% % 0% 50% 60% T0% BO% 50% 160%
Pumpad Hydro Energy Slorage - 500 MW 147 210 273 e - — - —— — e o
Lead-Acid Baltery Energy Slorage - 5 MW 223 279 337 - - — . o — — -
Compressed Air Enargy Storage - 500 MW 140 237 333 e — — - - e —- -

Simple Cycle GE tMB0DD CT - Peaking Capacily
Simple Cycie GE 7EA UT - Peaking Capacily
Simpie Gycle GE 7FA CT - Peaking Capacity
Combined Cycle GE TEA CT - Inlarmediaie Load
Combined Cycle GE 7FA CY - intermediala Loag
Combined Cycle 2x1 GE 7FA CT - Iatermediate Loa
Compined Cycle 3x1 GE 7FB CT - Inlermediate Loa
Siemens S000F CC CT - Intermediate Load

Humiid Air Turbine Cycle CT - 368 MW

{alina Cycle GC CT - 282 MW

Cheng Cycle CT - 140 MW

Peaking Microlurbine - 0 03 MW

301 429 558 687 815 944 1073 1201 433D 1458
280 432 584 736 BEB 104D 1192 4344 1436 B4R
230 375 512 649 785 g22 1050 1195 1332 1460
282 aTa 464 555 646 737 B28 919 1010 110%
224 303 383 462 542 621 701 780 860 939
201 281 360 439 519 598 677 757 835 915
837 281 340 418 497 575 654 733 811 890
214 294 373 453 533 613 693 772 852 932
244 57 459 581 694 BOG o118 §031 1143 —
213 282 350 419 487 556 624 803 761 -
233 315 398 480 562 644 727 809 B3 e
511 J— - — e - -
613 928  10BE 1243 1401 1558

Baseload Microtisbine - 0 03 MW 1873 2030
Subcritical Pulverized Coal - 250 MW 364 43 464 497 631 564 630 664
Subcrilical Pulverized Coal - 500 MW 324 80 424 457 480 523 589 623
Subecritical Pulverized Coal, High Suifur - 506 Mw 329 302 424 456 487 519 583 614
Cireulating Fiuldized Bed « 250 MW 364 431 464 498 532 585 632 G666
Cirgulating Fluidized Beg - 500 MW 326 3583 427 460G 493 827 583 827
Supercritical Pulverized Coal - 500 MW 330 383 425 456 488 519 582 614
Supercrilical Pulverized Goal. High Sulhisr - 500 3w 334 487 518 580 610
Supergritical Pulverized Coal - 150 MW ace 469 501 565 597
Supercritical Pulverized Coal High Suliur - 750 MW 31 464 494 656 586
Pressurized Fluidized Bed Combustion 450 639 677 —— o

1x11GCC 398 459 490 520 551 i1 e -

211650 357 418 448 479 509 539 e —_

211 1GCC, High Sulfir 356 414 443 471 5CO 528 - e

Subcritical Puiverized Coal - 500 MW - CCS 857 622 654 687 720 7582 a1r 550
Suberitical Puiverized Coal, High Suiur - 500 MW - ( 563 625 656 687 718 749 B12 843
Cireulating Fluidized Bed - 500 MW - CCS 565 630 6563 898 729 ™H2 az7 860
Supercritical Pulverized Coal - 500 MW - CCS 562 623 6854 8B5 715 748 807 838
Supercrilical Pulverized Ceal. High Sulfur - 500 MW 568 627 856 686 Ti6 745 805 834
Supercrilicat Pulverized Coal - 750 MW - CCS 6532 594 625 656 G6R7 T8 779 510
Supercritical Pulverizer] Ceal. High Sulfur - 750 MW 534 593 623 652 681 7 e 799

1x1 IGCC - CCS

2x1iGCC - CCS

2x1GCC. High Suifur - CCS
Wind Energy Conversion - 50 MW
Geothermal - 30 MW

Sotar Photovollaic - 50 kW

Solar Thermal Parabolic Trough - 100 MW 507 — —_— — - - — — -
Solar Thesmal. Perabolic Dish » 1 2 MW F T T —_— — - — — - —_ —
Solar Thermal. Central Receiver - 50 MW 772 773 173 773 774 774 — e o —

Solac Thermal. Solar Chimney - 50 MW
MSW Mass Bumn - 7 MW
ROF Sioker-Fired - 7 MW
Landfill Gas 1C Engine - 5 MW
TOF Mulli-Fuel CFB {10% Cuo-fire) - 50 MW
Sewage Sludge & Anaerobic Digestion - 0BS Mw
Bio Mass (Co-Fire)
{Molien Carbonale Fuel Cell - 300 kW
Spark Ignilion Engine - 5 MW
Hydroetectric - New - 30 MW
Qhio Falis 8-10

Minimum Levelized SIkW

635 648 700 703 705 707 708 708 e -

551 539 727 816 904 §92 4080 1168 1256 -
502 &0 701 800 800 809 1089 1188 1298 -
A67 262 456 448 e — - neen — -
287 281 273 - — p— - — e
163 237 225 103 433 456 449 447 435 428
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Exhibit 8

Levelized Dollars at Various Capacity Factors With 502 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost-Low 2807 SIKW yr)
Heat Rote-Low
Fuol Forecasi-Low . Capacity Factors
Technology 0% 0% 20% 30% A0, 50% 60% T0% 80% 90% 1006%
Pumped Hydro Energy Storage - 500 MW 134 197 260 - e — — wmen enn - -
Lead-Acid Batlery Energy Storage - 5 MW 2613 259 3T e e s - o e e -
Compressed Air Energy Storage - 500 MW 128 209 280 e — e wenn - v e
Simple Cycle GE LMBO0D CT - Peaking Capachy 253 348 444 539 1016 1111
Simple Cycle GE 7EA CT - Peaking Capacily 229 339 1114 1225
Simple Cycle GE 7¥A CT - Peaking Capacily 193 293 988 1087
Combined Cycle GE TEA CT - Infermediate Load 239 362 738 BOD
Combined Cycle GE 7FA CT - Inlermediale Load 186 24 622 677
Combined Cycle 2x1 GE 7FA CT - Intermediale Loar 12 166 221 602 65T
Combined Cycie 3x1 GE 7FB CT - Inlermediate Lo : 581 634
Siemens 5000F CC CY - intermediste | oad 124 178 233 616 G671
FHumid Air Turbine Cycie GT - 366 MW 123 195 276 BiD -
Katina Cycle CC CT - 282 MW 133 179 226 551 e
Cheng Cycle CT - 140 MW 139 195 2452 647 o
Peaking Microlwrbine - 0 03 MW 398 532 - e ——
Baseload Microlurtine - 0 03 MW 430 537 644 1384 1501
Suberitical Pulverized Coal - 250 MW 308 37 368 589 620
Supcriticat Pulverized Coal - 500 MW 267 298 330 549 581
Subcriticsl Pulverized Goal, High Sulfur - 500 Mw 272 302 332 543 573
Circutating Fisidized Bed - 250 MW 303 335 67 589 821
Circifating Fliidized Bed - 500 MW 269 301 332 553 585
Supereritical Puiverized Coal - 500 MW 275 305 335 543 573
Supercritical Pulverized Coal High Suifur - 300 MW pat:l 307 336 365 gh 540 570
Supercritical Pulverized Coal - 750 MW 254 284 35 345 315 527 557
Supercritical Pulverized Coal. High Sulfur - 750 Mw 256 285 314 343 372 518 6547
Pressurized Fluidized Bed Gombustion 364 400 436 472 508 ———- -
1x11GCC 337 366 305 424 453 e ——
2x1iGCC 300 aze 358 386 415 - —
21 1GCC, High Sulfur 299 28 354 a1 408 wrem
Suberitical Putverized Coai - 500 MW - CCS 478 569 540G 857G 641 755 788
{Subgcritical Puiverized Coal, High Sulfur - 500 MW . 486 518 545 574 604 75% 780
Circulating Fluidized Bed - 500 MW - CCS 509 540 874 B0Z 8633 787 B18
Supercrilicat Puiverized Coal - 500 MW - CCS 507 536 565 594 623 TEB Tar
Supercrilica Pulverized Coal High Sulfur - 500 8 514 542 570 598 626 767 795
Supereritical Pulverized Coal - T50 MW - CCS 479 508 537 567 596 742 771
Supercritics] Pulverized Coal. High Suliur - 750 Mw 482 510 537 565 593 732 759
11 1GCC - CCB 488 512 535 559 583 -—— -
2x1 IGCC - CCS 442 466 489 513 537 o ——-
221 1GCC. High Sutur - CCS 444 457
Wind Energy Conversion - 50 MW 238 227
Geolhermal - 30 MW 443 439
Solat Photovallaic - 50 kW 622 6522
Solar Thermal. Parabolic Trough - 100 MW 421 422 e - — — — e —— - mn
Solar Thermal. Parabelic Dish - 1 2 MW 0% 601 - nenn - —— - —— o~ e ——
Bolar Thermal. Centrat Receiver - 50 MW 645 646 647 647 647 648 647 - ——— —— e
Solar Thermal, Saolar Chimney - 50 MW 533 533 533 532 e —— - e e - —
MSW Mass Bumn - 7 MW 1634 1666 1698 1730 1761 1793 1825 1857 e w»-» —
ROF Stokor-Fired - 7 MW 1498 1801 1704 1B0OG 1909 2011 2114 2216 2s -
Landfill Gas IC Enging - 5 MW 422 458 485 531 568 604 641 677 744 500 —
TOF Multi-Fust CFB (10% Co-fire) - 50 MW 451 488 521 556 591 626 861 685 73t 166 ann
Sewage Sludge & Anzercbic Digestion - 0BS5S Mw 627 629 631 633 635 637 639 633 639 B3 -~
Bio Mass {Co-Fie) 2498 328 agy 386 416 445 475 504 534 563 592
IMotten Carhonale Fuel Cell - 360 kW 388 448 509 569 629 840 750 B1O 870 931 e
Spark ignition Engine - 5 MW 383 450 516 583 550 717 783 as0 917 983 -
Hydroalactic - New - 30 MW 408 403 398 392 384 e — - e — —_—
Ohio Fais 9-10 279 273 267 258 - s - - e e —-
Minlmem Levelizad SIkW 94 150 204 203 n 365 4113 407 400 393 3BG
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Levelized Dolfars at Various Capacity Factors With SO2 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost-Low
Heat Rato-Low
Fuot Forecast- Base

2007 {S/kW yr)

Capacity Fastors

Exhibit 8

Technology T 0%  20% - 30%  A0% . 50%  60%  F0% _ B0%  90%  100% |

Pumped Hydro Energy Slorage - 500 MW 134 197 28D e —-- — — — — e
Lead-Acid Baltery Energy Storage ~ 5 MW 201 289 K e - -—- —— - — -
Compressed Air Enorgy Storage - 500 MW 128 222 36— — - nrn — e L s
ISimple Cycle GE LMBDG0 CT - Peaking Capacity 158 261 405 528 651 775 el 1021 1145 1268 1391
Simple Cycle GE TEA CT - Peaking Capacily 264 410 556 702 a48 984 1140 1286 1432 1578
Simpla Cycle GE 7FA CT - Peaking Capacity S N 225 357 4BB 619 751 Ba2 1013 1145 1276 1407
Combined Cycle GE TEA CT - Intermediate Load 177 264 350 437 524 610 697 T84 870 857 1044
Combined Cycle GE 7FA CT - Intermpdiate Load 132 208 284 358 435 5119 587 662 738 414 890
Combined Cycle 2x1 GE TFA CT - inlermadiate Loa 112 188 263 338 414 450 566 641 737 792 BGH
Combined Cyete 3x1 GE 7FB CT - inlermediale Loa i 246 N 396 47 546 621 686 77% 848
Siemens 5000F GG C7 - Intermediale Load 124 200 276 352 428 504 580 656 732 aos B84
Humid Air Turbine Cycle GT - 366 Mw 123 230 337 444 550 657 764 am 978 1085 -
Katina Cycle CC CT - 282 MW 133 148 263 329 384 459 524 5RY 654 1200 -—
Gheng Cycie CT - 340 MW 139 27 296 14 453 531 609 668 766 B45 -
Peaking Micraturbine - 0.03 MW REE) 575 wee — — e - - - warn o
Baseload Microtusbine - 0 03 MW 430 580 730 880 1030 179 1324 1479 1629 1779 1929
Suberiticat Pulverized Coal - 250 MW 305 337 368 400 432 464 498 527 554 599 622
Suberiticat Pulverized Coal - 500 MW 2687 209 330 362 393 425 457 488 520 581 583
Suberitical Pulverized Coat, High Sulfur - 500 MW 272 302 333 363 393 423 454 484 514 545 575
Girculating Fluidized Bed - 250 MW 303 335 367 399 431 483 495 527 559 581 624
Circulating Fluldized Bed - 500 MW 269 ant 333 364 396 428 460 492 524 565 587
Supercrilical Pulverized Coal - 500 MW 275 305 335 455 485 515 545 576
Supercrilical Pulverized Goal. High Sulfur - 565 MW 278 o7 337 454 483 512 5414 571
Supercrilical Puverized Coal - 750 MW 254 285 315 437 468 408 520 559
Suparchilical Puiverized Goal High Swur - 750 MW 256 285 315 432 461 491 520 549
Pressurized Fluidized Bed Combustion 64 460 436 581 817 653 -
1x1 1GGE 337 366 385 511 540 568 e ern
2¢1 IGCC 300 379 ang 473 502 531 —
2x1 HGCC, High Sulfur 288 azt 354 465 4092 520 - —
Subcriticat Pulverized Coa! - 500 MW - CC3 478 509 541 €66 697 728 759 ™
Suberitical Pulverized Coat, High Sullur - S00 MW - ¢ 486 516 L1 574 605 835 664 694 724 754 783
Circulating Fluidized Bed - 500 MW - GCS 509 540 572 603 635 566 697 729 760 791 B23
Supercritical Pulverized Coal - 500 MW - CCS 507 536 566 535 625 654 683 713 742 772 BO1
Supercritical Pulverized Coai. High Sulfur - 500 MW 514 542 571 599 628 656 684 13 741 770 798
Supercritical Pulverized Coal - 750 MW « CCS 479 508 538 568 597 627 657 686 116 746 115
Supercrilical Puverized Coal High Suliur - T50 MW 482 510 538 567 595 623 651 679 TO7 738 764
1x1 IGCC - CCS 488 512 536 560 584 BOB 632 656 68 -
21 1GCG -CCS 442 466 490 514 538 562 586 810 634 e wnnn
2x1 IGCC, High Sulfur - CCS 444
Wind Energy Conversion « 50 MW 238
Geothermal - 30 MW 443
Solar Pholovoltaic - 50 kW 622
Solar Thermal. Parabolic Trough - 100 MW 421 422 - e - - e s rar - -
Solar Thermal. Parabaolic Dish - 12 MW 801 60 weem - - — — - o e nnn
Solar Thermal. Centrat Receiver - 50 MW 645 846 647 647 647 48 647 -— —— — o
Solar Thermal Solar Chimney - 50 MW 533 533 533 532 - - —_ e - —- —_
MSW Mass Bum - 7 MW 1634 1666 1697 1729 1761 1793 1824 18456 o —
RDF Stoker-Fired - 7 M 1499 1603 1706 1810 1813 207 2120 2224 2327 — e
Landfill Gas IC Engine - 5 MW 422 472 523 573 623 874 724 774 B25 B75 ——
TBF Multi-Fuel CFB {10% Co-ire) - 50 MW 451 486 522 557 852 627 662 698 733 768 803
Sewage Sludge & Anaerobic Digestion - 085 MW 627 629 631 633 635 637 639 639 639 B3B
Bio Mass {Co-Fire) 298 328 357 387 417 445 476 506 535 565 595
Molten Carbonata Fuel Gell - 300 kW g8 472 556 840 724 808 892 976 1080 1144
Spark lgnition Engine ~ 5 MW a3 478 572 667 761 856 950 1045 1140 1234
Hydroelectric « New - 30 MW 408 403 388 392 384 - — - e uer e
Ohio Falls §-10 279 273 267 250 —— e —- - e o een

Minkmum Levellzed SIkW 94 17 218 203 ar3 4c3 434 407 400 393 386
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Exhibit 8

Levelized Dollars at Various Capacily Factors With 502 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost-Low 2007 {SIkW yr)
Heat Rate-Low
Fuel Forecast- High Capaclty Factors

Technology 0% 0% 20%  a0%  40%  50% . 60%  70%  BO%  80%  100%
Pumped Hydra Energy Storage -~ 500 MW 134 197 260 - - o waan -—— —n - =
l.ead-Acid Ballery Energy Slorage - § MW 201 259 317 e — — o j— . - —
Compressed Alr Enargy Storage - 500 MW 128 233 338 e e = — — - e -—

Simpte Cycle GE LM&00O CT - Peaking Capacity
Simpie Cycle GE TEA CT - Peaking Capacily
Simpie Cycle GE 7FA CT - Peaking Capacity
Combined Cycle GE TEA CT - Intermediale Load
Combined Cycle GE 7FA CT - Intermediaie Load
Combined Cycie 2% GE TFA CY - Intermediate Loa
Combined Cycie 3x3 GE 7FB C7 - Intermediate Loai
Siemens S0C0F CC CT - Intermediate Load

Humid Air Turbine Cycle CT - 366 MW

Kalina Cycle CGC CT - 282 MW

Cheng Cycle CT - 140 MW

Peaking Microlirpine - 0 03 MW

RBaseload Microturbine - 0 03 MW

303 444 594 739 BB5 1030 1175 1321 1466 1611
291 465 638 831 985 1158 133 1505 1678 1851
250 406 562 Ti8 B74 1030 1186 1342 1498 1654
283 388 484 i8] 705 B11 917 1022 1128 1234
36 408 501 553 BBS 777 870 862 1054
266 385 451 §r3 G665 757 849 94z 1034
279 370 462 553 645 736 azv 919 1010
309 402 485 587 680 773 866 958 105%
3as 515 6848 Ty 908 1038 1169 1300 e

293 372 452 532 612 692 771 851 -

330 425 521 616 T2 807 962 488

797 980 1163 1346 1530 713 1898 2080 2263

Subcrilical Pulverized Coal - 250 MW e 435 467 499 532 564 586 629
Subcritical Pulverized Coal - 500 MW 33z 336 428 461 483 525 557 590
Suberitical Pulverized Coat, High Suifur - 500 MW 334 386 427 458 489 520 551 582
Circulating Fiuidized Bed - 280 MW 368 434 467 499 532 565 597 630
Circulating Fiuldized Bed - 500 MW 334 399 434 464 496 529 561 594
Supercritical Puiverized Coal - 500 MW 336 397 428 459 489 520 550 581
Suparcritical Puiverized Coal. High Sutfur - 560 MW 338 3a8 428 458 488 518 548 577
Supercritical Pulverized Coal » 750 MW 316 379 410 441 472 504 535 566
Supereritical Pulverized Coal High Sulfur - 750 MW 318 i 435 465 495 525 555
Pressurized Fluidized Bed Combustion 401 438 511 548 585 622 658  —— —
1x11GCC 367 308 455 485 515 544 514 e
21 IGCC 329 359 418 447 477 508 536 - e
2x1 1GGC, Migh Sullur 27 355 412 440 468 4986 524 ernn —
{Subcritical Puiverized Coal - 500 MW - CCS 510 543 608 B840 673 706 738 770 803
Suberilical Pulverized Goal, High Sulfur - 500 MW - ( a7 548 510G 641 672 703 734 765 THE
Circulating Fluidized Bed - 500 MW . CC5 542 574 840 Bra 108 738 i 803 836
Supercrilicat Pulverized Coat - 560 MW - CCS 538 568 629 660 6391 721 752 782 813
Supercrilicai Pulverized CGoat. High Sulfur - 500 MW 544 573 63z 662 691 721 750 780 809
Supercritical Pulverized Coal - 750 MW - CCS 510 541 602 633 664 695 726 756 787
Supercritical Pulverized Coal. High Sulfur - 750 MW 501 541 599 628 658 687 716 746 75
1x1 1GCC - CCS 513 588 B13 538 663 688 - —
2x11GCC - CCS 467 542 86T 5492 617 642 - -

2x1IGCC. High Suliur - CCS
Wind Energy Conversion - 50 MW
Geothermal - 30 MW

Sofar Photovoilaic - 580 kW

Solar Thermal. Parabolic Trough - 100 MW 422 — — — o —— —— — — —
Solar Thermal. Parabotic Dish - 1.2 MW &M —— — —_— j— . . m— —— —
Solar Thermal, Central Receiver - 50 MW 6546 847 647 647 648 647 — — —— -

Selar Thermal. Solar Chimnay - 50 MW

MEW Mass Bum - 7 MW

RDF Stoker-Fired - 7 MW

Landfii Gas {C Engine - 5 MW

TDF Muiti-Fuel CFB (10% Co-fire) - 50 MW

Sewage Skudge & Anacrobic Digestion - 085 MW

Bio Mass (Co-Fire}

Molten Caronate Fuel Cel - 300 kW

Spark Ignitions Engine - 5 MW

Hydroalectric - New - 30 MW

Ohio Falls 9-10 .
Mintmum Levellzed SikW

480 582 695 798 00 1003 1105 1208 1310 —
499 616 732 849 865 1081 1158 1314 Wi -

273 267 266 —- — — o J— - —
187 216 203 75 405 414 407 400 393 386
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Exhibit 8

Levelized Dollars at Various Capacity Factors With 502 Adders, with High CO2 Adders, and with NOx Adders

Capital Cost-Low A0OT (S/kW yr)

Heat Rate- Base

Fup! Forecast-Low Cﬂmcliy F_a_ctors .
Technology 0% 16% 20% 0% 40% 50% 60% T0% 86% 0% 100%

Pumped Hydro Energy Storage - 500 MW 134 197 260 - - — e —— —— ——- —

Lead-Acid Ballery Energy Storage - § MW 201 259 T e — - - — e e faees

Compressed Air Energy Storage - 500 MW 128 211 293 e e anan - - - e

pSimple Cycle GE LM600D CT - Peaking Capacily
Simpla Cyoie GE TEA CT - Peaking Capacity
Simpte Cycle GE TFA CT - Peaking Capacity
Combined Cycle GE 7EA CT - intermediate Load
Combined Cycle GE 7FA GT - intermediate Load
Combined Cycle 2x1 GE TFA CT - intesmediate Loa
Combined Cycle 3x1 GE 7FB CT - Intermediale Loa
Siemens 5000F CC CT - Intermediate Load

Humid Air Turbine Cycle CT - 386 MW

Kalina Cycie CC CT - 282 MW

Cheng Cycle CT - 140 MW

Poaking Microlurbine ~ 0 03 MW

Baseload Microturbine - § 03 MW

Subcriticat Puiverized Coal - 250 MW

Supcriticat Pulverized Coal - 500 MW

Subcriticad Pulverized Coal, High Sutfur - 500 MW
Cirguiating Faidized Bed - 250 MW

Circutating Fluidized Bed - 500 MW

Supercrilical Pulverized Coal - 500 MW
Supercritical Pulverized Coal High Suifur - 500 MW
Sugercrilical Pulverized Coal - 750 MW

Sugpercrilical Puiverized Coal High Sulfur - 750 MW
Prassurized Fluidized Bed Combustion

x1IGCC

2x1 1GCT

2x1 IGCC, High Sulfur

subcrilical Pulverized Coal - 500 MW - CCS
Subetitical Pulverized Coat High Sulfur - 500 MW - { 186

652 751 B30 948 1047 1146

525 605 B85 765 B45

494 554 G613 672 e

995 1107 1220 1332 daq 1557
470 503 536 568 602 635
432 465 488 530 563 596
430 461 493 524 556 587
470 503 537 6570 603 637
435 468 50% 534 567 61

43¢ A61 482 G22 553 583
413 444 476 508 540 6571
408 439 469 499 530 560
552 589 627 BBS v e
488 518 548 578 o —

578 608 639 670 700 731 762 7492

Circulating Fluidized Bed - 500 MW - CCS 509 606 639 6713 703 736 768 360 833
Supercritical Pulverized Coal - 500 MW - CCS s07 558 628 658 688 719 749 780 810
Supercritical Pulverized Coal High Sulfur - 500 MW 514 602 631 B60 e 719 748 178 BO7
Supercritical Pulverized Coal - 750 MW - CCS 478 570 601 631 662 692 723 753 784
Superceitical Fulverized Coal. High Sulfur - 750 MW 482 569 598 627 656 685 714 743 772
1x1 1GCC - CCB 488 5862 587 612 536 661 636 e —
2x1 IGCC - CCS 442 516 541 586 590 615 B840 e
2x1 1GCC. High Sullur - CCS a44 515 538 552 585 609 632 -~ —
Wind Energy Conversion - 50 MW 238 T~
Geothermat - 30 MW 443 426
Solar Photovollaic - 50 kW 622 —— o
Solar Thermal. Parabolic Trough - 100 MW 421 e — — e - . . —
Solar Thermal. Parabolic Dish - 12 MW 601 . - . —_— - - . —
Solar Tharmal. Ceniral Receiver - 50 MW 645 647 647 648 647 — —— j— —_—
Solar Thermal, Solar Chimney - 50 MW 533 532 ——— - — - e e ——
MSW Mass Burn - T MW 1634 1729 1761 1793 1824 1856 -— o o
RDF Stoker-Fired - 7 MW 1485 1822 4429 2037 2144 2252 2359 —— —m
Landfill Gas IC Engine - 5 MW 422 538 576 815 653 592 730 769 —
TOF Multi-Fuet CFB (10% Co-fire) - 50 MW 453 561 598 835 672 708 745 78 818
Sewage Siudge & Anaerohic Digastion - 0BS MW 27 B34 837 839 641 642 642 641 -
Bio Mass {Co-Fire) 298 328 360 391 422 453 483 514 845 578 607
Molten Carbonain Fuel Cell - 300 kW 389 452 515 579 642 705 768 831 BG5S a58 —
Spark ignition Engine - 5 MW ass 455 525 536 656 736 806 876 847 1017 —
Hydroalectric - New » 30 MW 405 403 398 3gz 384 — — — s e -
Ohip Fails 9-10 275 273 267 256~ — —- — e ——- e
Minlmum Levellzed SIkW a5 153 210 203 323 377 414 407 400 393 386
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Exhibit B

Levelized Dollars at Various Capacily Factors With S02 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost-Low 2007 {SHW yr}

Heat Rate- Baso

Fuel Forecast- Base — - Capacity Faclors

Technology 0% 10% 20% 30% 40% 50% 60% 0% 80% 90%  100%
Pumped Hydro Enargy Storaga - 500 M 134 157 260 - o - - e - -
l.ead-Acid Baltery Energy Storage - 5 MW 701 289 317 e - - — - —— - e
Compressaed Air Energy Storage - 500 MW 128 225 321 e e - - - - - -

Simple Cycle GE LMB000 CT - Peaking Capacily
Simpie Cycle GE TEA CT - Peaking Capacity
Simpie Cyele GE TFA CT - Peaking Caparily
Combined Cycie GE TEA C7 - intermediate Load
Combined Cycie GE 7FA CT - intermediate Lead
Combined Cycle 2x 1 GE TFA CT - inlermediate {oa
Combined Cycle 3x1 GE 7FB CT - Inlermediale Loa
Siemens 5000F CC CT - intermediate Load

Humid Alr Turbinge Cydde CT - 388 MW

Kalina Cycie CC CT - 2682 MW

Cheng Cycle CT - 140 MW

288 415 545 674 802 831 1080 1188 1317 1446
423 575 7ar 479 1034 1183 1335 1487 1638
368 H05 642 778 91b 10562 1188 1325 1462
3860 451 542 633 724 818 906 agv 1088
292 arz 491 53 610 690 769 849 928
272 351 230 510 588 6568 748 827 906
254 333 411 480 568 647 776 804 863
285 364 444 524 6C4 G684 763 B43 923
349 461 573 686 748 410 1023 135 e

M 339 408 476 545 613 [:1: 750

303 386 468 550 832 715 797 B79 e

Peakirsg Microlurbing - 0 03 MW 350 583 - e een v — e - -
Baseload Microlurting - 0 03 Mw 433 580 748 905 1063 1220 1378 1535 1692 1850 2007
Subcrilical Pulverized Coal - 250 MW 305 338 arz 405 438 4714 508 538 571 604 638
Subcriticat Pulverized Goal - 500 Mw 267 iy} 333 366 400 433 466 4099 532 565 599
Subcriticat Pulverized Coal. High Swlfur - 500 MW 272 304 335 367 399 431 462 484 526 558 589
Circutating Fluidized Bed - 250 MW 303 337 370 404 437 471 505 538 572 605 830
Circufating Fiuidized Bed - 500 MW 269 362 336 369 463 436 469 503 536 H69 803
ISupercrilicat Pulvarized Coal - 500 MW 275 306 Jok):] 369 401 432 464 495 527 558 580
Sugercritical Pulverired Coal. High Sulfur - 500 MW 278 309 339 370 401 432 452 493 H24 555 585
Supercrifical Puiverized Coal - 750 MW 254 2?86 18 448 478 510 542 574
Supercrilical Puiverized Coal. High Sulfur - 750 MW 256 287 317 440 470 501 532 562
Pressurized Fluidized Bed Combuslion 364 402 440 591 G628 31T A e
1x1 IGCC 337 367 398 520 550 581 - —-
221 1GCC 300 330 361 482 512 543 — e
2x1 1GGC, High Suliur 299 328 357 472 501 530 - .
Subcrilical Pulverized Coal - 600 MW . CCS 478 511 543 674 706 739 771 B4
Subcrilical Pulverized Coal. High Sullur - 500 MW - ( 486 517 548 579 810 641 672 703 735 766 157
Circulating Fluigized Bed - 500 MW - CCS 509 542 575 607 640 673 708 739 772 804 B3y
Sypereritical Pulverized Coal - 500 MW - CCS 567 538 568 599 630 661 G691 722 753 783 Bid
Supercritical Pulverized Coat. High Sullur - 500 MW 514 544 513 €03 632 662 692 721 5 K 510
Supercrilical Pulverized Coat « 750 MW -~ CCS 478 510G 841 Lyrl 603 634 665 696 727 757 78R
Supercritical Pulverized Coal High Sulfur - 750 MW 482 51% 54% 570 600
Ix1 1GCC - CCS 488 513 538 563 588
221 IGCC - CCS 442 467 492 517 542
2x1 IGCC. High Sulfur - CCS 444 468 492 518 54G
wind Energy Conversion - 50 MW 238 -
Geothermal - 30 MW 443 439 4135 431 426
Solar Pholovoltaic - 5G kW 622 622 - — —
Solar Thiarmal Parabotic Trough - 100 MW 421 422 e —— —eem — o nnnn e o e
Solar Thermal Parabolic Dish - 12 MW 601 £9% e s e -— - —— e e —n
Solar Thermal. Central Receiver - 50 MW 645 B46 647 847 647 648 647 —- —— — —
Solar Thermal. Solar Chimney - 50 MW 533 533 533 532 — - e e [ [ s
MBW Mass Bumn - 7 MW 1634 1666 1607 1728 1761 1793 1824 1886 — —_— —
RDF Stoker-Fired - 7 W 1499 1608 1716 1825 1833 2042 2151 2258 2368 -— —
Landiill Gas IC Engine - 5 MW 422 475 5§29 &B82 635 689 742 185 849 90z —
TOF Mulli-Fuel CFB (10% Cofire) - 50 MW 451 488 525 562 580 636 673 7i0 TAT 783 B20
Sawage Shxdge & Anagrobic Digestion - 085 MW B2y 629 632 B34 837 639 644 542 642 641 e
Hio Mass (Co-Fire) 438 G 381 agz 423 A54 485 517 548 579 610
Molten Carbonate Fuel Cell - 300 kW 389 477 585 £53 742 830 38 1006 1084 1182 —
Spark Igaition Engine - 5§ MW 365 485 584 564 783 883 982 10682 1182 128% o
Hydrosleciric - Naw - 30 MW 409 403 398 392 384 — . P — —
Ohio Falls 9-10 279 273 el 258 o —- — e — e —
Minimum Lovellzed S$/hW a5 176 16 203 379 409 414 407 400 393 366
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Levelized Dollars at Various Capacity Factors With SO2 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost-Low
Heat Rate- Base
Fuegl Forecast- High

2007 (SIKW yr}

Capacily Factors

Exhibit 8

Technoloegy 0% 10% 20% 3% 40% 50% 60% 76% B0% 90% 100%
Pumped Hydro Energy Storage - 500 MW 134 167 280 - — - — - - - -
{.ead-Acid Batlery Energy Storage - 5 MW 201 259 37 e ———— - - - nenn naew e
Compressed Air Energy Slorage - 500 MW 128 236 344 . e e e e o —— —
Simple Cycle GE LMGOO0 CT - Peaking Capaoity 463 G156 767 919 1071 1223 1375 1527 1679
Simple Cycle GE TEA CT - Peaking Capacily 482 663 844 1026 1207 1388 1570 1754 1932
Simple Cycle GE 7FA CT - Peaking Capaciy 420 583 746 908 1071 1234 1396 1559 1722
Combined Cycle GE TEA CT - intermediate Load 400 511 622 733 844 955 1066 177 1288
Combined Cycle GE 7FA CT - intermediale Load 327 424 521 618 714 811 908 1005 102
Combined Cycle 2x1 GE 7FA CT - Inlermediale Loa 306 403 a00 597 593 790 aa7 884 1080
Combined Cycte 321 GE TFB CT - Intermediale Loa 289 385 481 577 673 769 885 a6 1057
Siemens S000F CC CT - InMermediate Load 320 417 514 611 T09 806 803 1000 1088
Humid Air Turbine Cycle CT - 366 84 3499 536 873 3l 948 1085 1222 1360 -~
Kalina Cycle CC CT - 282 MW 302 386 489 553 637 721 805 1512 B——
Cheng Cycle CT - 140 MW 339 440 540 840 740 af 941 1041 -
Peaking Microturbing - 0 03 MW e e —n — o — e — —
Baseload Microturbing - 0 03 MW 818 1011 1203 1388 1588 1781 1974 2166 2359
Subcritical Pulverized Coal - 250 MW 373 a67 441 475 509 542 576 610 644
Subcritical Pulverized Coal ~ 500 MW 335 368 402 436 476G 504 6536 571 BG5
Subcritical Pulverized Coal, High Sulfur - 500 MW 337 89 402 434 466 498 531 564 596
Circutaling Flidized Bed - 250 #MW 371 405 440 474 508 543 577 611 645
Circutaling Flukiized Bed - 500 MW 337 n 405 439 473 507 541 575 509
Supercrilical Pulverized Coat - 500 MW 339 37t A4 436 488 500 532 564 597
1Supercritical Pulverized Coai. High Sulfur - 500 MW in 372 403 434 466 497 528 560 581
Supercrilical Pulverized Coat - T50 MW 319 352 384 417 450 482 515 548 580
Supercrilical Pulverized Coal. High Sullur - 750 MW 319 & 444 475 506 538 GBS
Pressurized Fluigized Bed Combustion 441 596 635 673 - —
1% IGCC 389 523 554 585 — -
2x1 1GCC 362 485 516 547 amnn -
21 1GCC, High Sulfur 358 476 505 535 v ——
Subcritical Pulverized Coal - 500 MW . CCS 548 662 716 749 783 B17
Suberitical Puiverized Coal. High Sulfur - 500 MW - ( 5561 583 615 G647 GBD 712 744 777 BOB
Circulating Fluidized Bed - 500 MW - CCS 577 611 646 GB0 7i4 748 Va2 816 B50
Supereritical Pulverized Coal - 500 MW - CCS 874 603 635 B67 699 731 763 795 B27
Suparcritical Puiverized Coal. High Sulfur - 500 MW 578 606 637
Sugererilical Putverized Coal - 750 MW - CCS 543 575 608
Sugpercrilical Puiverized Coal High Sulfur - 750 MW 543 574 604
IXHIGCC - CCS 593
2x1iGCC - CCS 540
2x11GCC. High Sulfur - CCS 543
Wind Energy Conversion - 50 MW ——
Geothermal - 30 MW 426
Solar Pholovoiiaic - 50 kW - — s s e —
Solar Thermat. Parabolic Trough - 100 Mw -—— - e —en — e - o man
{Solar Thermat Parabglic Dish - 1 2 MW nn o s nan - o - - s
Solar Thesmat. Central Receiver - 56 MW 647 647 647 648 8ar - — e ——
Soplar Thermal. Sclar Chimney - 50 MW 533 532 —— - — - — e —
JMEW Mass Burn - 7 MW 1697 1725 1760 1792 1824 1855 e e v
ROF Stoker-Fired - 7 MW 1723 1835 1947 2058 2170 2282 2394 —
Landfill Gas IC Engine - 5 MW 551 815 GB1 745 810 BYS 839 1004 ~-
TOF Multi-Fuel CFB (10% Cao-lire) - 50 MW 527 564 602 640 677 715 153 T80 828
Sgwage Sludge & Anaerobic Digestion - 085 MW 632 534 B37 639 B4 642 642 641 n
8in Mass (Co-Fire) 362 384 426 458 489 &1 8§53 585 &7
{¥iolien Carbonate Fugl Gell - 300 kW 6G4 2z 820 827 1035 1142 1260 1358
Spark Ignition Engine - 5 MW a3c 753 ars 998 120 1243 1365 1488 —
Hydroetectric - New - 36 MW 88 392 384 e e — e — e
Chio Falls 9-10 279 273 257 250 - e - — e e e
Minimum Levellzed S/kW a5 183 216 203 381 412 414 407 400 393 386
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Exhibit 8

Levelized Dollars at Various Capacity Factors With S0O2 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost-Low 2007 (STHW vy}
Heat Rate- High
Fuel Forecast-Low CapacHy Faclors

Technology 0% 0% 20% 30% A% 0% &50% 70% BO% 98% 100%
Pumped Hydro Energy Storage - 500 MW 134 197 260 -— - [ e -—— - - —
Lead-Acid Baltery Energy Storage - 5 MW 201 2549 3T e - s e P — e o
Compressed Air Energy Storage - 500 MW 128 212 296 e rene e e —- —
Simple Cycle GE LMBODD CT - Peaking Capacily 160 282 384 468 568 fie B74 978 1078 118G

Simple Cycle GE TEA CT - Peaking Capacily 238 358 478 597
Simple Cycle GE TFA CT - Peaking Capacily 96 2 203 311 418 526
Combined Cycie GE 7EA CT - Intermediate Load 179 247 318 384 452
Cambined Cycle GE 7FA CT - Intermiadiate Load 134 194 253 313 373
Combined Cycle 2x% GE TFA CT - inlermediate Loas
Combined Cycle 3x1 GE 7FB CT - Inlermediate Loat
Siemens 5000F CC CT - intermadiate Load

B36 955 1675 1194 1313
740 847 955 1062 1169

472 H32 591 651 T

Humid Air Turbine Cyele CT - 366 MW 126 210 294 378 629 713 797 881 wnen
Kafina Cycle CC CT - 282 MW 134 185 236 287 440G 491 542 503 e
Cheng Cycle CT - 140 MW 140 202 264 326 512 574 536 687 -
Peaking Microturbine - 0.03 MW 400 544 o - e e e — -
Basetoad Microturbing - 0 03 MW 436 554 671 789 1142 1769 1377 1485 1612
Subcrilicat Pulverized Coal - 260 MW 05 339 374 408 512 846 HEd B15 650
Subcrilical Pulverized Coal - 500 MW 267 301 336 370 a73 508 542 576 611
Subcritical Pulverized Coal, High Sigfur - 500 MW 272 305 338 n 470 503 536 568 602
Circuiating Fisidized Bed - 260 MW 303 338 373 408 512 547 582 B17 652
Circutating Fluigized Hed - 500 Mw 269 04 338 YK} 477 512 547 581 616
Supercritical Pulverized Coal - 500 Mw 275 368 340 373 47% 504 537 569 802
Supergrilical Pulverized Coat. High Sullyr - 500 MW 278 310 342 374 469 501 533 565 596
Supereriticat Pulverized Coat - 750 MW 254 287 az 354 454 487 520 563 587
Supercriticat Pulverized Geal High Sulfur - 750 MW 256 288 320 352 447 478 511 543 574
Pressurized Fividized Bed Combuslion 364 403 443 482 600 640 679 - -
1x1 1GCC jekeh) 369 400 432 527 558 590 - -
21 1GCC 300 332 363 385 489 521 32 e -
2x1 1GCC, High Suilur 293 329 359 383 479 509 [i3c ] J— .
Subcritical Pulverized Coal « 560 MW - CCS 478 &1 545 578 679 12 746 775 813
Subcritical Puiverized Coal, High Sutfur - 500 3W - ( 486 518 550 682 677 704 741 773 804
Circulating Fluidized Bed - 500 MW - OGS 509 643 577 610 712 746 780 613 B47
Supercritical Putverized Coal - 500 MW - CCS BG7 539 570 602 697 728 780 791 823
Supercritical Putverized Coal. High Sulfs - 500 MW 514 544 575 605 697 727 758 788 B19
Sugercritical Pulverized Coal - 750 MW - TGS 479 511 543 574 670 762 734 765 797
Supererilical Pulverized Coat High Sulfur - 750 MW 482 512 542 573 683 8593 723 154 784
HEIGCC - GOS8 488 514 540 565 643 669 694 — —
2x11GCC - LS 442 488 494 519 597 523 648 -— -
2x1 1GGC. High Sulfur - CC8 444 465 493 518 592 G186 641 - —
Wind Energy Convarsion - 50 MW 238 2ar -— -
Geothermal - 30 MW 443 439 426
Solar Pholovoltaic - 50 kW 622 622 . i -
Sotar Thermal. Parabolic Trough - 106G MW 421 422 e ——— wan nenn — — . -
Sofar Thermat. Parabulic Dish - 12 MW 601 601 - — — e e e —— — —
Solar Thermal. Ceniral Receiver - 50 MW 645 646 647 647 647 648 647 e o s -
Solar Thermal. Solar Chimpey - 56 MW 8533 533 533 532 — — —_— e — o rn
MSW Mass Burn - 7 MW 1634 1666 1697 1720 1760 1792 1824 1855 .— - e
ROF Stoker-Fired - 7 MW 1489 1612 1724 1837 1949 2062 2175 2287 2400 e e
Landfil Gas IC Engine - 5 MW 422 463 504 544 585 626 667 TG7 748 79 e
TOF Multi-Fust CFB (10% Co-fire) - 50 MW 451 480 528 567 605 [;LY:) 682 720 759 797 235
Sewage Sludge & Anzerobic Digestion - 085 MW 627 630 633 636 638 641 644 845 645 645 -
Bio Mass (Co-Fire) 298 330 363 395 428 A60 493 525 558 580 622
Melten Carhonate Fuel Cell - 300 kW 390 456 522 589 855 721 787 853 918 986 e
Spark ignition Engine - 5 MW 366 480 533 847 881 755 828 a0z 976 1080 e
Hydroelectsic - New - 3¢ MW 409 403 388 382 B4 e o e — e o
Ohio Falls §-14 279 273 257 258 —em v e —_— - o
Minimum Levellzed S/kwW 96 186 215 203 333 389 414 407 400 a3 ans
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Exhibit B

Levelized Dollars at Various Capacily Factors With SOZ Adders, with High CO2 Adders, and with NOx Adders

Capital Cost-Low 2007 (SIkW yr)
Heat Rate- High
Fuel Forecast- Base Capacl:yfactnrs

Technology 0% 106% 0% 0% 40%, 50% 60% T0% BO% 40% 100%
Pumped Hydro Energy Storage - 500 MW 134 197 280 e s -— — — - e
Lead-Acid Ballery Energy Storage - 5 MW 201 259 Hnr e e e - - - —
Compressed Alr Energy Storage - 500 MW 128 227 326 - — - e nowe o mnn -
Sirple Cycle GE LMB000 CT - Peaking Capacity 180 293 427 560 £93 Bz7 960 1093 1227 1360 1493

Simple Cycle GE TEA CT - Peaking Capacily 279 437 596 755 913 1072 1231 1389 1548 1707
Simpie Cycle GE TFA T - Peaking Capacity 96 238 380 522 664 806 948 1090 1232 1374 1516
Combined Cycle GE 7EA CT - Intermediate Load 174 274 g 485 580 656 751 846 942 1037 1132
Combined Cycte GE 7FA CT - Intermadiate Load 134 217 301 384 4567 550 634 747 800 883 9567
Cormnbined Cycte 2x1 GE TFA CT - intermediate Loa 280 383 446 528 612 6956 779 862 945
Combined Cycie 3x1 GE 7FB CT - intermediate Loar 262 344 426 508 591 673 756 838 a9z
Sismens 50007 CC €T - Intermediate Load 203 377 460 544 627 71 T84 878 962
Hurmid Alr Turbine Cycle CT - 366 MW 361 479 597 714 832 950 1067 1Mes

Kalina Cycle CC CT - 282 MW 21t 349 421 493 564 636 108 780 -

Cheng Cycie CT - 140 MW 312 398 485 511 857 743 829 s e

Peaking Microturbine - 0.063 MW 400 591 v een - - —- e e - —
Baseload Microlebine - 0 03 MW 436 601 766 931 1096 1261 1426 1591 1756 1921 2087
Subcritical Pulverized Coat - 250 MW 305 340 375 409 444 47% 514 549 583 618 653
Subcritical Pulverized Coat - 500 MW 267 302 336 371 405 440 475 508 544 578 613
Subcritical Pulverized Coal, High Sulfur - 500 Mw 272 305 333 372 4085 438 471 504 538 571 604
Circulating Fiuldized Bed - 250 MW 363 338 373 408 444 479 514 549 584 619 B854
Circulating Fluidized Bed - 500 MW 265 3c4 339 374 408 444 478 514 548 583 518
Supercritical Pulverized Coal - 500 MW 275 08 344 374 407 440 473 506 538 511 604
Supercritical Putvarized Coal, High Sulfur « 500 MW 278 316 342 374 406 438 470 502 535 587 59%
Supercrilical Puiverized Coal - 750 MW 254 287 324 354 388 421 455 488 522 555 588
Supercrilical Puiverized Coal. High Sualfur - 750 MW 256 288 320 352 384 448 480G 512 545 577
Pressurized Fluidized Bed Combustion 364 404 443 483 522 562 662 B4 68% - —_—
1x11GCC 337 368 40 433 464 496 528 560 592 — ——
2x1 1GGC 300 332 363 395 427 459 490 522 854 enn
211 1GCL, High Suliur 299 329 359 390 420 450 480 510 541 — e
Subcritical Pulverized Coal - 500 MW - CCS 478 512 546 580 614 48 682 716 750 784 818
Subcritical Pulverized Coat, High Sullur - 500 MW - 486 518 551 583 615 847 BBO 712 T44 777 809
Circulating Fluidized Bed - 500 MW - CCS 509 543 578 612 646 680 715 749 783 817 852
Supercritical Pulverized Coal « 500 MW - CCS 507 539 571 603 £35 667 699 731 763 195 nar
Supercritical Pulverized Goal. High Sulfur - 500 MW 514 545 576 606 637 668 639 730 761 7N 822
Supercritical Pulverized Coal - 750 MW - CCS 478 541 544 576 608 640 673 705 737 769 802
Sugercrilcal Putverized Coal High Sullur - 750 MW 482 513 543 574 604 635 666 696 727 757 788
ix11IGCC - CCS 488 514 540 586 503 618 545 871 887 - e
2x1 IGCC - CCS 442 468 494 520 547 513 599 625 851 —— —_
2x1 1GCC. High Sullur - CCS 444 468 8 544 569 594 619 644 e —
Wind Eacrgy Conversion « 53 MW 238 E— —
Geothermal - 30 MW 443 426
Solar Photovoilaic - 50 kW 622 e
Solar Thermal, Parabolic Trough - 100 MW 421 e - - — - — -
Solar Thermal. Parabelic Dish - 1 2 MW 601 e - e reen e —
Solar Thermal. Cenlral Receiver - 50 MW 645 647 648 64T e - m— -
Solar Thermal. Solar Chimney -~ 50 MW 533 - —— e —— — -
MS5W Mass Bum - 7 MW 1634 1760 1792 1824 1855 e -— —--
ROF Stoker-Fired - 7 MW 1488 1954 2088 2182 2295 2409 e e
Landfitl Gas iC Engine - 5 MW 422 647 703 759 B16 a72 928 -
TOF Muiti-Fuel CFB (10% Co-fire) - 50 Mw 451 606 645 683 722 761 799 838
Sewage Sludge & Anaerobic Digestion - 0B5 MW G627 638 641 644 645 645 g45
Bio Mass (Co-Fire) 208 429 461 494 527 559 542 624
Melten Carbonate Fuel Cell - 300 kW 390 759 852 944 1037 1129 12271 e
Spark Ignition Engine - 5 MW 386 ao4 909 1013 1118 1223 1327 e
Hydroeiectric - New - 30 MW 409 e —— — — — —
Chio Falis 9410 279 ——- e e e e —_ —
Minlsnum Levellized STRW 96 384 416 414 407 400 393 386

CADocuments and Saitiags\NGI3436W0eskiopiRPWolume HND2 Supply_Side_Analysis_Exhitits xIs Ganeralion Planning



Exhibit 8

Levelized Dollars at Various Capacity Factors With SO2 Adders, with High COZ Adders, and with NOx Adders

Capital Cost-Low 2007 (SIkW yvr)
Heal Rate- High
Fued Forecast- High - Capaclty Factors

Technology 0% 10% 20% 30% 40% 50% 0% 70% H0% G0% 100%
Pumped Hydro Energy Storage - 500 MW 134 97 260 e s - — -—— - ——n —
Lerd-Acid Ballery Energy Storage - 5 MW 201 255 "y - e e - - —— ——— e
Compressed Alr Energy Slorage - 560 MW 128 239 349 - - - [ o nnn —— -
Simple Cycle GE LMB000 CT - Peaking Capasily 160 318 476 834 TH2 950 1108 1266 1424 1582 1740

Simple Cycle GE TEA CT - Peaking Capacity
Simpla Cycle GE TFA CT - Peaking Capacity

369 497 688 B7S 1063 1252 1441 1629 1818 2007
265 435 604 773 943 1112 1281 1459 1620 1789
Combined Cycle GE TEA CF « inlermediate Load 285 414 528 644 760 876 992 1108 1228 1341
Combined Cycte GE 7FA CT - Intermediste Load 235 337 438 540 841 743 B44 946 1047 1149
Combined Cycie 2x1 GE 7FA CT - Intermediate Loar 114 215 37 418 519 G20 722 823 924 1026 1427
Combined Cycle 3x1 GE 7FB CT - Intesmediaie Loa a7 198 298 399 499 8BGO 700 801 an 1002 1102

Siemens 5000F CC CT - intermediate Load 126 228 330 432 534 636 738 840 942 1044 1146
Hurmid A Turbine Cycle CT - 366 MW 126 270 41 558 joz B46 a0 1134 1278 1422 e
Katina Cycle CC CT - 282 MW 134 222 310 745 B37 925
Cheng Cycie CT - 140 MW 140 245 350 B75 980 1085 e
Peaking Microlurtine - 0 03 MW 400 629 e —— —— — nen
Baseload Microtushine - 0 03 MW 436 538 840 1849 2051 2253 2455
Suberilical Pulverized Coal - 250 MW 3085 340 76 553 589 624 660
Subcritical Pulverized Coal - 500 MW 267 302 338 515 &850 585 621
Subcritical Pulverized Coal, High Sulfur - 500 MW 272 306 340 509 543 577 611
Circulating Fluidized Bed - 250 MW 363 339 3rs 654 580 626 662
Circutating Fluidized Bed - 500 MW 269 305 340 519 555 6530 826
Supercritical Pulverized Coal - 500 MW 215 308 342 510 544 577 611

Supercritical Puiverized Coal. High Sulfur - 500G MW 218 311 343 507 540 573 605
Supercritical Puivorized Coal - 750 MW 254 268 322 493 527 561 595
Supercrilical Pulverized Coal. High Sulfur - 750 MW 256 289 321 485 518 550 583
Pressurized Fluidized Bed Combustion 364 404 445 647 GB7 e
1x11GCC k¥ 369 402 564 587 - -
2x1 1GCC 300 332 365 526 559 —
2x1 1GCT, High Sulfur 299 330 361 In 422 453 484 515 545 - —
Suberitical Pulverized Coai - 500 MW - CC3S 478 513 549 584 819 635 630 726 761 786 B32
Subcritical Pulverized Coal. High Sulfur ~ 500 MW - ( 486 520 553 587 621 654 686 7% 755 183 B22
Girculating Fluidized Bed - 500 MW - CCS 509 545 580 G116 652 GB? 723 759 795 B30 68
Supercritical Pulverized Coal - 500 MW - CCS 507 540 574 807 640 674 07 T4 774 8OV 841
Supercritical Pulverized Coal. High Sulfur - 500 MW 544 643 675 707 739 TN 803 836
Supereritical Pulverized Coal - 750 MW - CCS5 478 613 647 681 714 748 781 a15
Supercritical Pulverized Coal. Migh Suliur - 750 MW 482 609 641 673 705 737 76B ace
111GEC - CCS 488 537
2x1iGCC - CCS 442 551
2x11GCC. High Sullyr - CCS 444 548
Wind Energy Conversion - 50 MW 238 e
Geolhermal - 30 MW 443 426
Solar Phaotoveliaic - 50 kW 622 - —

ISolar Thermal. Parabolic Trough - 100 MW 421 e e - — - — —
Solar Thermal. Parabolic Dish » 12 MW 601 e - - —
Solar Thermal. Cenlra! Receiver - 50 MW 645 o — —— —
Solar Thermal. Solar Chimney - 50 MW 533 - — e e

IMBW Mass Bumn - 7 MW 634 1854 -~ — —_
ROF Stoker-Fired - 7 MW 14499 2319 2436 e -
Landfi Gas IC Engine - 5§ MW 422 00 i) 1036 v
TOF Multi-Fuel OF8 (10% Co-fire) - 50 MW 451 728 767 BOY 848
Sewage Sludge & Anacrobic Digestion - 085 MW 627 645 845 645 -
Bio Mass {Co-Fire) 268 531 565 5498 &34
Molten Carbonate Fuel Cell - 300 kW 390 1178 1202 1405 -
Spark Ignition Engine - 5 MW 386 1286 1415 1544 e
Hydroelectric - New - 30 MW 409 — e e E
Ohio Fails 9-10 - 279 ~— — —-- ——-

Minimum tovelized SIKW 96 407 anh 363 366
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Exhibit 8

Levelized Dollars at Various Capacity Factors With 802 Adders, with High CO2 Adders, and with NOx Adders

Capital Cost- Base 2007 {SHW yo}
Heat Rate-Low
Fuel Forecast-Low Capacly Faclors
Technology B% 10% 20% 30% 40% 50% 50 0% B80% $0% 1040%
Pumped Hydro Energy Storage - 500 MW 147 210 213 — — e e e e e
Lead-Acid Ballery Encrgy Storage - § MW 221 279 337 — — — — - — - —-
Compressed Air Energy Storage - 500 MW 140 22 oz - —— v - —mnn e e =
Simple Cycle GE LMGODD CT - Peaking Capasity 286 3Bz 457 582 648 743 838 934 1029 1124
Simple Cycle GE TEA CT - Peaking Capacily 238 348 4558 570 680 791 802 1012 1123 1234
[Stmple Cycle GE 7FA CY - Peaking Capacity 2006 300 389 498 598 697 7496 Bg6 995 10484
Combined Gycle GE TEA CT - Intermediale Load 252 315 kKad 439 502 564 628 689 731 813
Combined Cycle GE 7FA CT - Intermediale Load 197 252 306 361 415 470 524 579 633 £88
Combined Cycle 2x1 GE 7FA CT - inlermadiate Lom i 375 230 284 339 393 448 502 557 811 666
Combined Cycle 3x1 GE TF8 CT - intermediate Loar : 5] 480 534 588 841
Siertens 5000F CC C¥ - Infermediate Lead 516 570 625 B8
Humid Air Turbine Cycte CT - 368 MW 665 742 818
Kalina Cycle CC CT - 282 MW 489 515 562 -
Cheng Cycle CT - 140 MW 546 603 858
Peaking Microturhine - 0 03 MW - - — —
Baseload Microlurbine - 0 03 MW 1203 1310 1417 1524
Subcrilicat Pulverized Coal - 250 MW 552 583 615 6486
Sybcrilicai Pulverized Coal - 500 MW 511 542 573 605
Subcerilicat Pulverized Coal, High Suliur < 500 MW 507 537 568 598
Circulating Fiuidized Bed - 250 MW 330 362 457 489 521 553 55 616 648
Circalating Fauidized Bed - 500 MW 283 325 418 451 483 514 546 517 609
Supercritical Pulverized Coal - 500 MW 289 329 418 448 478 508 538 567 5971
Supercritical Pulverized Cosal. High Suifur - 500 MW 303 332 420 449 478 507 538 565 595
Supercritical Pulverized Coat - 750 MW 277 307 338 429 459 489 529 550 580
Supercrilical Pulverized Coat High Sulfur - 750 Mw 280 309 3588 426 455 484 513 542 571
Pressurized Fiuidized Bed Combustion 412 448 656 592 627 863 699 e
1 IGCT 368 387 484 512 541 B70 5989 -
2x1 IGCC 327 356 442 41 500 528 557 e e
201 IGCC, High Suifur 327 354 436 464 491 518 546 - —-
ISubcritical Pulverized Coal - 560 MW - CCS 524 555 647 678 709 740G 7T 801 832
Subcritical Pulverized Coal, High Sulfur ~ 5006 MW - ( 532 581 650 678 708 738 767 797 R26
Cireulating Fluidized Bed - 500 MW - CG5 832 583 656 687 718 745 7a0 210 A
Supercritical Pulverized Coal - 500 MW - CCS 831 560 647 676 705 734 763 T892 821
Supercritical Pulverized Coal. High Sulfur - 500 MW 538 568 650 678 706 734 763 7 819
Supercritical Pulverized Coal - 7560 MW - CCS 561 530 618 647 676 705 734 764 7493
{Supercritical Pulverizod Goal. High Sulfur « 750 MW 505 533 616 644 671 699 727 755 782
1x1 1GGG - CCS 510 534 605 628 652 676 699 - e
211 1GCC - CCS 462 486 557 580 a04 628 B51 - —_
2x1 1GCC. High Sulfur - CCH 464 487 554 577 £00 622 645 e -
Wind Energy Conversion - 50 MW 259 248 e — o e e —~-
Gocthermal - 30 MW 484 4B0 467 462
Sotar Pholovoliaic - 50 kW 766 766 ——— - - -
Solar Therma!. Parabolic Trough - 100 MW 506 507 — — — — e e — — —
Solar Thermat. Farabolic Dish - 12 MW 734 734 -—— —— — — —— ——— —-— —— -
Solar Thermat Central Receiver - 50 MW T 172 773 773 773 774 74— e e —
Solar Thermat. Solar Chimney - 56 MW 646 646 646 648 — —— e e —— — —
MEW Mass Bum - 7 MW 1741 1773 1805 1837 1868 1900 1032 1964  — - —-
ROF Sloker-Fired - 7 MW 1665 1767 1870 1972 2075 2177 2280 2382 2485 wer rve
Landfilt Gas {C Enging - 5 MW 455 491 528 564 601 Gar 674 710 747 T8I e
TOF tulti-Fuel CFB (10% Co-fire) - 50 Mw 489 524 559 594 629 664 699 734 769 :hi2) 838
Sewage Studge & Anaerobic Digestion - 085 MW 693 695 697 699 701 T3 705 06 T06 705 e
Bio Mass (Co-Fire) 324 354 383 412 442 471 501 530 560 580 518
Mollen Carbonale Fuel Cell - 300 kW 462 522 583 643 703 764 824 884 944 1005 e
Spark ignition Engine - 5 MW 400 467 533 600 667 734 800 867 934 1000 o
Hydroelectric - New - 30 MW 473 487 462 456 448 w— e e - —-
Chio Falls 8-1G 293 287 281 273 - - - - - —- —--
Minimum Levelizod SkW Hl 157 21 225 khE:] vz 422 445 442 435 428
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Exhibit 8

Levelized Dollars at Various Capacity Factors With SO2 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost- Base 2807 (S/kW yr}

Hest Rate-Low

Fuel Ferecast- Base - - Capacity Factars - - -
Technology % 0% _ 20%  30%  A40%  &0%  60%  70%  BO0%  90%  100% ]

Pumped Hydro Energy Slorage - 500 MW 147 210 3y — - - - — — —

Lead-Acid Battery Energy Storage - 5 MW 221 274 337 e —en —- - —— — —_— —

Compressed Air Energy Storage - 500 MW 140 234 328 e e —ee —n — ne —— —

Simpte Cycle GE LMB0DD CT - Peaking Capacity 294 418 511 664 788 911 1034 1158 1281 1404

Simpie Cycle GE TEA CT - Peaking Capachy 273 1149 1285 1441 1587
Simpie Cycle GE TFA CT - Peaking Capacity 232 1020 1152 1283 1414
Combined Cycle GE 7EA CT - Intermediate Load 277 797 883 970 1057
Combined Cycle GE 7FA CT « Intermediate Load 219 673 749 825 901

Combined Cycle 2x% GE 7FA CT - inlermediate Loa 124 197
Combined Cycle 3x1 GE 7FB CT7 - inlermediate Loa ;
Siemens 5000F CC CT - Intermediate Load

Hurnid Air Turbine Cycle CT - 366 MW

Katina Cycle CC CT - 282 MW

Cheng Cycle CT - 140 MW

Peaking Microlurbine - 0 03 MW

Baseloar Microturbine - 0 03 MW

Subcriticat Pulverized Coal - 250 MW

Subcritical Pulverized Coal - 500 MW

Subcritical Pulverized Coal, High Sulfur - 500 MW
Circulating Fluidized Bed - 250 MW

Circulating Fluidized Bed - 500 MW

Supercritical Palverized Coal - 500 3W
Supercritical Pulverized Coal. Migh Sulfur - 500 MW
Supercrtical Palverized Coat - 750 MW
Supercritical Patverized Coal. High Sullur - 750 MW

Pressurized Fluidized Bed Combuslion 665 701 nen enn
1x1 {GCC 571 600 e e
2x1iGCC 6529 558 o e
2x1 iGCC, High Sullur 520 548 —— ——
Subcritical Pulverized Coal - 500 MW - CCS 743 T4 805 837
Subcritical Pulverized Coal, High Sulhur - 566 MW - ( 532 740 770 800 829
Gircuialing Fruidized Bed - 800 MW - CCS 532 752 783 814 846
Supercritical Pulverized Coal - 500 MW - CCS 531 737 766 798 B25
Supereritical Pulverized Coal High Sultur - 800 MW 538 737 765 794 822
Supercritiss] Pulvarized Coal - 750 MW - CCS 501 708 738 768 747
Supercrilical Pulverized Coal. High Sullur - 750 MW 505 702 730 759 787
1%1iGCC - CCS 510
2¢1 1GCC - GCS 462
2x 1 IGCC. High Sutlur - CCS 464
Wind Energy Conversion - 50 MW 259
Geothermat - 36 MW 484
Solar Photovollaic - 56 kW 766
Solar Thermal. Parabelic Trough - 100 MW 506 07— — ——— —n- e — - - —
Solar Thermal. Parabolic Bish - 1 2 MW 734 734 — —-- - ——- - —— — ——
Solar Thermal. Central Receiver - 50 MW 771 77z 773 773 773 774 774 e e P s
Solar Thermal, Solar Chimney - 50 MW 646 €46 646 645 — - — —— — —
MSW Mass Burn - 7 MW 17414 1773 1804 1836 1868 1500 1931 1963~ —— —-
ROF Stoker-Fired - 7 MW 1685 1769 1872 1976 2079 2463 2286 2390 2483 —
Lardfil Gas IC Engine - 5 MW 4558 505 856 606 656 707 757 BOT 858 908 ——
TOF Mulli-Fue! CFB (10% Co-fire) - 50 MW 488 524 560 5895 &30 B85 700 736 771 806 B41
Sewage Sludge & Anaerobic Digestion - 085 MW 693 685 697 699 Eit) 703 705 708 706 705 e
Bin Maus (Co-Fire} 324 364 383 413 443 473 502 532 561 591 621
Mollen Carbonale Fuel Cefl - 300 kW 162 546 630 T4 788 B&2 966 1G50 1434 1218 -
Spark ignilion Engine - 5 MW 400 495 589 684 778 BT3 967 1062 1157 1251 -
Hydroeleciric - New - 30 MW 473 467 462 456 448 e enn o nann ween e
Chio Falis 9-10 293 287 281 273 e e nnnn o o o e
Minlmum Levelized SIkw 101 178 237 225 397 427 456 449 442 435 428
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Exhibit 8

Levelized Dollars at Various Capagity Factors With 502 Adders, with High COZ Adders, and with NOx Adders

Capliat Cost- Base 2007 {SW yr)
Heat Rate-Low
Fuel Forecast» Hlgh — Capaclty Factors

Technology %% 0%  20%  a0%  A0%  50% . G0%  10%  B0%  80%  100%
Pumped Hydro Energy Storage - 800 MW 147 210 273 e e e e e -
Lead-Acid Battery Enetgy Storage - 5§ MW 221 279 37— — e o - e e e
Compressed Air Energy Storage - 500 MW 140 245 350 e - - -— — — e -

Simple Cycle GE LMG000 CT - Peaking Cagacily 316 462 807 752 BOA 1043 1168 1334 1479 1624
Simple Cycle GE TEA CT - Praking Capacity AR 474 647 BZ0 994 1167 1340 1514 1687 1880
Simple Cycle GE TFA CT - Peaking Capacity ] 257 413 669 725 881 1037 1193 1349 1505 1861
Combined Cycle GE 7EA CT - intermediate Load 160 258 401 507 613 718 824 930 1035 1141 1247
Combingd Cycle GE 7TFA CT - inlermediate Load 143 235 327 420 512 604 696 788 a1 973 1065
Combined Cycle 2x1 GE 7FA CT - Intermediate Loa 305 388 490 582 674 766 a58 851 1043
Combined Cycle 3x1 GE 7FB C7 - Iniermediate Loa 286 377 469 560 6582 743 834 826 1017
Siemens 5000F CC CT - Inlermediate Load 318 411 504 596 689 782 a75 a7 1060

Humid Air Turbine Cycle CT - 366 MW 131 262 393 523 654 785 816 1046 1177 1308~
Kalina Cycle CC CT - 282 MW 144 224 304 383 463 543 623 T3 TH2 BGZ e
Cheng Cycle C7 - 140 Mw 151 246 342 437 533 628 724 814 914 1010 —
faaking Microturbine - G 03 MW 421 6N e o e - — - — - -
Basejoad Microturbine - G 03 MW 453 636 820 1003 1186 1369 1553 1736 1819 2103 2286
Subcrilical Pulverized Coal - 250 MW 331 363 396 428 481 493 6526 558 590 622 655
Sysherilical Palverized Coal - 500 MW 299 323 356 kL] 420 452 485 517 549 581 614
Subcrilical Putverized Coal, High Sulfur - 500 Mw 297 328 359 3580 421 452 483 514 545 576 BG7
Circalating Fluidized Bed - 250 MW 330 383 395 428 461 494 526 559 592 624 657
Circulating Fluidized Bed - 500 MW 293 325 358 3so 423 455 488 520 553 585 618
Supeseritical Pulverized Coal - 500 MW 248 kX 380 391 421 452 483 513 544 574 805
Supercritical Pulverized Coal. High Suifur - 500 MW jelex) 333 363 383 423 453 483 §13 43 573 602
Supercrilical Pulverized Coal - 750 MW 277 3o 33 KYd| 402 433 464 495 527 558 589
Supercriticai Pulverized Coal High Sulfur - 750 MW 280 30 340 459 489 519 549 579
Pressurized Fluidized Bed Combustion 412 449 486 633 670 707 e e
1x1 1GCC 368 308 427 457 486 516 546 575 605 e —
2x1I1GCC 327 356 366 415 445 474 564 533 563 o ——
2x1 1GCC, High Suliur 32r 355 383 412 440 468 488 524 852 e s
Subcrtical Pulverized Coal - 530 MW . CC5 524 556 569 621 654 686 719 751 784 815 849
Suberitical Pulverized Coal, High Sulke - 500 MW - ( 532 563 594 625 556 687 1) 4% 780 BN B42
Circulating Fluidized Bed - 500 MW - CCS 532 565 597 630 663 6848 728 761 794 B26 859
Supercritical Pulverized Coal - 500 MW - CCS 531 562 592 623 653 684 75 745 776 BO6 837
Supercritical Pulverized Coal. High Sulfur - 500 MW 538 568 897 827 656 686 7186 745 774 BO4 833
Supercritical Pudverized Coal - 750 MW - CCS 501 532 563 523 624 655 GB6 717 748 778 809
Supercritical Pulverized Coal High Sallur « 750 MW 505 534 564 583 62z 651 681 710 739 769 798
1%1 1GCC - CCS 510
231 IGCC - CCS 452
2x1 IGCC High Sulfur - CCS 464
Wind Energy Conversion - 50 MW 254
Geolhermal - 30 MW 484
Solar PhotovoHaic - 50 kW 768
Sotar Thermal. Parabolic Trough - 100 MW 506 507  -— — e e - eor e e e
Solar Thermat. Parabolic Dish « 12 MW 734 134 - ——— - o - — e o
Solar Thermad. Central Receiver - 50 MW 771 72 73 773 773 774 774 - - —-— -
Solar Theemal, Sclar Chimney - 50 MW 646 646 646 845 — i e o o e nanr
MSW Mass Burn - 7 MW 1741 1713 1804 1836 1868 1900 1931 1863 e e
RDF Stoker-Fired - 7 MW 1665 1772 1878 1985 2081 24588 2305 2411 2518 — s
Landfi# Gas IC Enging - & MW 455 516 577 639 a6 761 B22 884 945 1006~
YI3F tutti-Fuel CFB {10% Co-fire) - 50 MW 489 525 561 597 833 869 TO5 T4t T B13 848
Sewage Slugge & Anaerobic Digestion - 085 MW 693 695 697 699 701 03 a5 708 706 705 -
Bin Mass {Co-Fire) 324 354 385 415 446 476 506 536 567 597 627
fMollan Carhonale Fuel Cell - 300 kW 462 564 667 7649 Br2 974 1077 1174 1282 1384
Spark ignilion Engine - § MW 400 516 633 749 866 982 1088 1215 1331 1447 -
Hydroelectric - New - 30 MwW 473 487 452 456 449 — — e - - e
Ohio Falls 8-10 293 287 281 273 - -—-- -— e -~ o e
Minimum Levellzed $fHW 101 184 237 225 399 420 456 449 442 435 428
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Levelized Dollars at Various Capacity Factors With 502 Adders, with High COZ2 Adders, and with NOx Adders

Exhibit 8

Capltal Cost- Base 2007 {SHKW yr)
Heat Rate- Base
Fue! Forecast-Low Capaclty Factors
Technology b% 10% 20% 30% 40% 50% 0% 0% BGY 80% 100%
Pumped Hydro Energy Siorage - 500 MW 147 210 273 — o - - —-- —
Lead-Acid Battery Energy Storage - 5 MW 221 279 337 e - — e e o e ——n
Compressed Air Energy Storage - 500 MW 140 223 K - et — — - - —_—
Simpie Cycie GE LMB000 CT - Peaking Capacity 2 jeisie) 468 567 665 7684 B63 961 080 1158
Simple Cycie GE TEA CT - Peaking Capacity sy 472 587 701 816 a3 1045 1160 1276
Simple Gycle GE 7FA CT - Paaking Capacily 309 412 515 619 y22 B25 G629 1032 1135
Combinad Cycle GE 7EA CT - Intermediate Load 322 387 452 518 583 648 714 78 844
Combined Cycle GE 7FA CT - Intermediate Load 268 544 801 658 715
GCombined Cycle 2x1 GE 7FA CT - intermediate Loat 521 579 636 6593
Cormbinad Cycle 3x1 GE 7FB CT - Intermediate Loa 499 558 612 669
Siemens 5000F CC GT - inlermediate Load 535 597 as0 07
Humid Air Turbine Cyele CT - 366 MW 643 773 853 rann
Kalina Cycie CC CT - 282 MW 486 535 583
Cheng Cycle CT - 140 MW 566 625 684 ran
Peaking Micraturbing - 0 03 MW i e - e
Baseload Microturbine - 0 03 MW 1243 1355 1467 1589
Subcriicat Pulverized Coal - 250 MW 562 585 628 651
Suberiticat Pulverized Coal - 500 MW 522 554 587 620
Suberilicai Pulverized Coal, High Suthr - 500 MW 518 549 581 612
Circulating Fistdized Bed - 250 MW 564 497 830 664
Circulating Fluidized Bed - 500 MW 6525 558 591 626
Supercritical Pulverzed Coal - 500 MW 518 49 5B 612
Supercriical Pulverized Coal High Sulfur - 500 MW 517 547 578 608
Supercritical Pulverized Coal - 750 MW 277 ang 349 499 531 563 594
Supercriical Pulverized Coal. High Sutfur - 750 Mw 280 310 kL3 483 523 554 584
Pressurized Fluidized Bed Combustion 412 450 487 675 713 e o
1x1 IGCC 368 398 428 579 810 — -
2x11GGC 327 357 387 538 568 —— —
2x1 1GCC, High Sulfur 327 356 384 528 556 e —
Subcritical Pulverized Ceal ~ 560 MW - CCS 524 556 588 749 781 B13 846
Subcritical Pulverized Coat, High Sullur - 500 MW - ( 532 563 593 746 7T 808 838
Circulating Fluidized Bed - 500 MW - CCS 532 564 597 759 T 823 856
Supercritical Pulverized Coat - 500 MW - CC3 531 561 592 743 773 804 B34
Suparcriticat Pulverized Coal. High Sullur - 500 MW 538 567 597 626 655 684 714 743 T2 802 B33
Supercriticat Pulverized Coal - 750 MW - CCS 501 531 582 592 623 653 B84 714 745 775 BO&
Supercriticai Puivesized Coal. High Sulfur - 750 Mw 5Ch 534 583 592 621 650 679 T08 737 766 795
XGRS - CCS 510 535 559 584 609 634 658 683 708 e e
2x11GCC -CC8 462 487 511 536 561 506 610 635 660 - s
2x1 1GCC. High Sulfur - CCS 464 488 558 582 605 629 G652 - -~
wind Energy Conversion - 50 MW 259 248 251 — s - — — — —
Geothermal - 30 MW 484 480 476 472 467 462 456 449 442 435 428
fSolar Photovoltaic - 50 kW 766 766 e e e - —— — —
Solar Thermat Parabolic Trough - 100 MW 506 507 e — —— e — e — —
Solar Thermal. Parabatic Dish - 12 MW 734 T34 e e — - — e o — -
Solar Thermal. Central Receiver « 53 MW 771 772 773 773 73 714 774 —— - e
Solar Thermal Sclar Chimney - 50 MW 646 646 646 645 — o — — — —
|MSW Mass Bum - T MW 1741 1773 1804 1836 1868 1900 1831 1863 — —— e
RDF Stoker-Fired - 7 MW 1665 1773 1880 1888 2095 2203 2310 2448 2525 - —
Landfill Gas IC Ergine - 5 MW 455 494 532 571 608 646 £86 725 763 B02 -
TOF Multi-Fuei CFB {10% Co-fire) - 50 MW 489 526 563 o] 636 673 Y 748 83 819 856
Sewage Sludge & Anaerobic Digostion - D85 MW 693 695 638 700 T3 T05 g 708 709 768 -
Bio Mass {Co-Fire) 324 355 386 417 448 479 506 540 571 602 £33
Muitens Carbonate Fuel Celf - 300 kW 463 5268 583 653 716 779 BAZ 905 969 1032 —
Spark Ignilicn Engine - 5 MW 402 472 542 613 683 753 823 893 964 1034 e
Hydroeleclric - Naw - 30 MW 473 467 462 456 448 o e o o e
Chia Falls 8-10 253 267 281 273 —-- - o e o e ]
Minimum Levelized S/IkKW 102 160 217 225 330 386 437 449 442 435 428
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Exhibit 8

Levelized Dollars at Various Capacity Factors With SO2 Adders, with High CO2 Adders, and with NOx Adders

Capital Cost- Base 2007 [SIkW yr)
Heat Rate- Base
Fuel Forecast- High - Capaclty Faclors

Technology 0% 16% 20% 30% 40% 50% 60% 70% 80% S0% 100%
Pumped Hydro Energy Storage - 500 MW 147 210 273 e J— — — —
Lead-Acid Battery Energy Storage - 5 MW 221 279 o fc y A— - - . o - - -
Compressed Air Energy Slorage - 500 MW 140 248 356 - e - — — . .
Simple Cyrle GE LMBOO0 CT - Peaking Capacity 172 324 780 432 1084 1238 1388 1540 1692

Simple Cycle GE TEA CT - Praking Capacity 309 B53 1035 1218 1397 1579 1760 1941
Simpte Cycle GE TFA CT - Peaking Capasity w2 265 753 915 1078 1241 1403 1566 1729
Combined Cycie GE 7EA CY - inlermediate Load ™ 362 835 748 857 968 1079 1190 1361
Combined Cycie GE 7FA CT - inlermediate Load 144 241 532 629 725 B22 919 1016 1113

Combined Cyele 2x1 GE 7TFA CT - intermediale Lea
Combined Cycle 3x1 GE 7F8 CT - inlermediale Loar
Siemans 5060F CC CT - Intermediate Load

Humid Air Turbine Cycle CT - 366 MW

Kafina Cycle CC CT - 282 Mw

Chaeng Cycle GT - 140 MW

Peaking Microturbing - 0.063 MW

Baseload Microlurbine - 0 03 MW

Suberitical Pulverized Coal - 250 MW

Subgcritical Pulverized Coal - 500 MW

Subcritical Pulverized Coaf, High Sulfur - 500 MW
Circulating Fluidized Bed - 250 MW

Circulating Fluidized Bed - 500 MW

Supercritical Pulverized Coal - 500 MW
Superctitical Pulverized Coal. High Sulfur - 500 MW
Superceitical Pulverized Coal - 750 MW
Supercritical Puiverized Coal. High Sulfur - 750 MW
|Pressurized Fluidized Bed Combustion

1x11GCC

21 G0

2x1 iGCC, High Sulfur

Subcritical Pulverized Coal - 500 MW - CCS
Suberitical Pulverized Coal. Migh Sultur - 500 MW - ( 532

Circuiating Fluidized Bed - 500 MW - CCS 532 737 T 805 8389 BT3
Supercritical Pulverized Coal - 500 MW - CCS i 723 7585 787 §19 B51
Supercrilical Pulverized Coal High Sulfur - 500 Mw £33 723 754 785 B15 B46
Supercritical Pulverized Coal - 750 MW - CCS 501 694 726 758 790 B23
iSupercrilical Pulverized Coal. High Suifur - 750 MW 505 680 719 750 T80 Bl
1x1IGCC - CCS 510
2%t {GCC - CC5 462
2x1 1BCC. High Sulfur - CCS 464
Wind Energy Conversien - 50 MW 268
Gealhermal - 30 MW 484
Solar Photovoltaic - 50 kW 766
Solar Thermal Parabotic Trough - 100 tW 506 SG7 e na rann ann s —— e rann ran
Solar Thermal. Parabolic Dish - 12 MW 734 734 - - — e o e e e -
Solar Thermal. Ceniral Receiver - 50 MW 77 772 773 773 773 774 74— —— - —-
Sotar Thermal Solar Chimney - 50 MW 648 646 645 645 - e - — nmnn s na
MSW Mass Bum - 7 Mw 1741 1773 1604 1836 1667 1699 1931 1962 e e e
RIF Sipker-Fired - 7 MW 1665 1777 1669 2001 2113 2224 2336 2448 2560 e e
Landfill Gas iC Engine - 5 MW 455 520 584 648 714 778 B43 908 g72 1037 -
TOF Multh-Fuet CFB (10% Co-fire) - 50 MW 489 527 565 602 640 678 715 753 7H 628 BEG
Sewage Siudge & Anaerchic Digestion - DBS MW 693 695 638 700 703 705 707 708 709 708
Bio Mass {Co-Fire) 324 356 ans 420 452 484 515 547 578 611 643
iMolten Casbonate Fuel Celi - 300 kW 463 571 678 786 Bad 1001 1108 216 1374 Wiz
Spark ignition Engine - 5 MW 432 525 G47 770 a9z 1015 1137 1260 1382 1505 —
Hydroelectric - Now - 30 MW 473 467 462 456 448 e o e e e ——t
Ohio Falls 8-10 293 287 281 203~ e e e e e o
Minimum Lovelized S/HW 102 200 237 225 405 436 456 449 442 435 428
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Levelized Dallars at Various Capacity Factors With S02 Adders, with High COZ2 Adders, and with NOx Adders

Capltal Cost- Base
Heat Rate- High
Fuel Forecast-Low

2007 (SIRW yr)

Capaclly Factors

Exhibit 8

T echnology 0%  10% _ #0%  3b%  A0% 500  ©0%  70%  BO%, 8G9  100% |
Pumped Hydro Energy Storage - 500 MW 147 210 273 e o e e — e e wrn
Lead-Acid Battery Energy Slorage - 5 MW 221 278 7T - — e - s —— - —
Compressed Air Energy Storage - 500 MW 140 224 g - — — — - —-
[Simple Cycle GE LMBOREG CT - Peaking Capacily 173 275 377 479 581 683 785 agy 959 1091 1193
Simgle Cycle GE 7EM CT - Peaking Capacity 129 248 368 BAS 964 1084 1203 1322
Simple Cycle GE 7FA CT - Peaking Capacily G210 318 747 854 962 1069 1178
Combined Cycle GE YEA CT - Intarmedizie Load 152 280 329 602 670 739 a7 816
Combined Cycle GE TFA CT - inlermediate Load 145 205 264 503 863 622 682 142
Combined Cycie 2x1 GE 7FA CT - Intermediale Lo 123 183 242 481 541 800 660 120
Comblined Cycle 3x1 GE 7FB CT - Infermediale Loar 104 oy Bgy: 458 817 576 635 695
Siemens 5G00F CC CT - intermediaie Load 135 195 255 315 375 435 495 585 615 675 736
Humid Air Turhing Cycle CT - 366 MW 134 218 302 3Bg 464 553 637 Kl BOE 8B —
Katina Cycle CC C7 - 282 MW 145 195 247 258 349 jtter) 553 604 -
Chang Cycle GT - 140 MW 152 214 276 334 400 462 524 586 648 s —
Peaking Microturbine - 0 03 MW 423 567 e e e - — -— - —— nan
Baseload Microturbine - O 03 MW 459 577 694 812 830 1047 1165 1282 1400 1518 1635
Suberitical Pulverized Coal - 250 MW 331 365 400 434 469 503 538 572 BOT B41 676
Subceritical Pulverized Coal - 500 MW 201 325 360 394 428 463 497 6532 566 600 635
Suberitical Pulverized Coal, High Sutfur - 500 MW 297 330 383 396 429 462 495 528 §61 594 627
Circuilating Fhaidized Bed - 250 MW 330 365 400 435 470 805 530 574 503 B4 679
Circulating Fluidized Bed - 500 MW 293 328 362 3gr 432 467 501 536 571 605 640
Supercrilical Pulverized Coal - 500 MW 299 332 364 ag7 430 463 495 528 561 593 626
Supercritical Pulverized Coal High Sulur - 500 MW 303 336 367 395 430 482 494 526 558 590 621
Supercrilical Puiverized Coal - 750 MW 277 310 344 377 410 443 a77 510 543 576 610
Supercrilical Pulverized Coal. High Suifur - 750 MW 280 312 344 376 407 438 471 503 535 567 5498
Pressurized Fluidized Bed Combustion 412 481 491 530 569 509 648 6BH 727 — —-—
1x1 IGCC 368 440 a3 463 455 526 558 589 821 rnm arrn
2x1 1GCC 3z 359 340 422 433 485 516 548 579 s e
2x1 1GCC, High Sutfur azy as7 kg 417 447 LY 507 537 587 - e
Subgeritical Putverized Coal - 500 MW - CCS 524 557 531 624 858 681 725 758 752 825 B5%
Subcrilical Putverized Cosl, High Sulfur - 500 MW - ( 532 564 546 628 659 691 723 755 787 819 B850
Circulating Fluidized Bad - 500 MW . CCS 532 568 800 633 559 T 735 769 803 836 BTG
Supercrilical Puiverized Coai - 500 MW - CCS 531 563 594 626 657 6B9 721 752 784 815 B47
Supercrilical Puiverized Coal. High Sulfur - 500 MW 538 568 505 623 66D 680 721 EEy 782 812 B43
Supercritical Pulverized Coal - 750 MW - CCS 501 533 565 596 628 660 692 774 756 787 B19
Supercritica Puiverized Coal. High Sulfur - 750 MW 505 535 565 586 626 656 686 716 46 7 aot
121 1GCC - CCS 510 536 562 587 613 6539 865 681 e — -
2%1 IGCT - CCS 462 488 5665 591
2¢1 IGCT. High Sullur - CCS 464 489 562 587
Wind Energy Conversion - 56 MW 258 248 —— R
Geothermal - 30 Mw 484 480 467 462
[Sular Photovoilaic - 50 kW 766 766 e — —— —
Solar Thermal Parabollc Trough - 100 MW 506 507 o e - o e s - -
Solar Thermal. Parabolic Dish - § 2 MW 734 734 - - - - e - e - —-
Solar Thermal. Central Recaiver - 50 MW M 112 773 773 773 774 T fasss nnnn e
Solar Thermal. Sotar Chimney - 50 MW G456 646 646 645 e e e e e e ——
MSW Mass Burn - 7 MW 1741 1773 1804 1836 1867 1699 193 1962 - e —
RDF Sloker-Fired - 7 MW 1685 1778 18490 2003 2315 2228 2341 2453 2566 —
Landit Gas IC Engine - 5§ MW 455 456 537 517 é18 658 100 740 78 g2 -
TDF Muiti-Fuel CFB {10% Co-ire) - 50 MW 483 528 566 605 643 662 720 758 797 835 873
Sawage Sludge & Anaerobic Digestion - 085 MW 893 688 39 7062 04 707 710 712 742 E VAR
Bin Mass {Co-Fire) 324 356 apg 421 454 486 519 551 584 616 648
Muotten Carbonate Fued Cell - 300 kw 454 530 546 £63 729 795 861 527 993 10686 -
Spark igrition Engine - 5 MW 403 av7 550 624 698 T 845 G149 093 1087 -
Hydroelactric - Now - 30 MW 473 467 462 458 449 -—- — — —_ —
Chio Falls 8-10 293 287 2B 273 — —— -— — -—— —- -
Minimum Levellzed SihW 103 163 222 225 340 399 451 44% 442 4358 428
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Levelized Dollars at Various Capacity Factors With S02 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost- Base
Heat Rate- Hlgh
Fuel Forecast- Base

2007 {SIKW yr}

Capacltyfacturs

Exhibit 8

Technology 0% 0% 0% A0%  50%  60%  10%%  B0%  90%  100% |
Pumped Hydro Energy Storage - 500 MW 147 210 273 e s ann n e e -
Lead-Acid Ballery Energy Storage - 5 MW 221 279 337 e e e o e — -
Compressed Air Energy Storage - 500 Mw 140 239 338 ——— L - - ——— e —
Simple Cycle GE LMGDOD CT - Peaking Capacity 173 306 440 573 706 840 973 1106 1240 1373 1506
Simple Cycle GE TEA CY - #eaking Capacily 288 446 1240 1398 1557 1716
Simple Cycle GE 7FA CT - Peaking Capacity xH 245 387 1097 1239 1381 1523
Combined Cycle Gi 7TEA CT « Intermediate Load, 192 287 383 859 955 1050 1145
Combined Cycle GE TFA CT - Inlermedizle Load 145 228 3i2 728 an 894 978
Combined Cycle 2x1 GE 7FA CT - Inlermediate Loar 123 206 289 165 788 BT1 954
Combined Cycle 3x1 GE 7FB CT - Inlermediale Loa S 269 680 783 845 927
Siemens 5000F CC CT - intermediate Load wz 720 803 BBY 871
Hurmid Air Turbine Cycle CT - 366 MW 68 958 1975 1183 -
Kalina Cycle CC CT - 2872 MW 145 247 28 647 719 TH e
Cheng Cycle CT - 140 Mw 152 238 324 755 B4y 927 e
Peaking Microturbine - ¢ 03 MW 423 614 — - e wwr o
Baseioad Microturbing - O 03 MW 459 624 789 1614 1779 1944 ARy
Subcrilical Puiverized Coal - 250 MW 331 368 401 575 609 644 679
Subcrilical Puiverized Coal - 500 MW 29 326 360 533 568 602 637
Subcrilical Pulverized Coal. High Sulfur - 500 MW 297 330 363 528 563 5986 629
Circulating Fluidized Bed - 250 MW 330 365 400 578 611 646 681
Circulating Fluidized Bed - 500 MW 293 328 363 538 572 807 642
Supercritical Puiverized Coal - 500 MW 299 332 365 53¢ 6562 595 628
Supereritical Puiverized Coal. High Sulfur - 500 Mw 303 335 367 627 860 592 624
Supercriical Puiverized Coal - 750 MW 277 310 344 51t 545 578 612
Bupercrilical Puiverized Coal. High Sulfur - Y50 MW 280 312 344 504 536 569 601
Prassurized Fluidized Bed Combustion 412 452 491 689 728 e v
121 1GCC 368 AD0 432 591 623 e ——
2x1 IGCC 327 358 380 548 581 e —
201 1IGCC, High Sulfur azr as7 any 538 589 -~ —
{5ubcriticat Pulverized Ceal - 500 MW - CCS 524 558 592 762 196 830 864
Suberilical Pulverized Coal. High Sulfur - 500 MW - { 532 564 597 58 T80 823 B55
Circigaling Fauidized Bed - 500 #MW - CCS 532 566 601 772 BOB 840 875
Supercriticat Pulverized Ceal - 500 MW - CCS 531 563 595 755 787 819 851
Supereritical Pulverized Coal. Migh Suffur - 500 MW 538 569 600 754 785 Bi5 846
Supercritical Pulverized Coal - 750 MW - CCS 501 533 566 T27 759 T a824
Supercritical Pulverized Cosat High Sulfur - 750 MW 505 536 566 719 750 780 B11
161 IGCC - CCS 510
2t 1GCC - CCS 462
2x1 1GCLC. High Suiur - CCS 464
Wind Enargy Conversion - 50 MW 259
Geothermal - 30 MW 484
Solar Pholovaltaic - 50 kW 766
Solar Thermal. Parabolic Trough - 100 MW 506 547 reee e ane nenw e - —— — -
Solar Thermal Paraboiic Dish « 12 MW 734 734 e — o — — - — — —
Solar Thermal. Centrai Receiver - 50 MW 7 772 773 773 773 774 774 v e oo e
Solar Thermal. Solar Chimney - 50 MW 646 646 646 645 e s s " - — ——
MSW Mass Bum - T MW 17414 1773 1804 1836 1867 1858 194 hE2 — —— e
RDF Sicker-Fired - 7 MW 1665 1778 1893 2008 2120 2234 2348 2481 2576 - —
Landfi# Gas IC Engine - 5 MW 455 511 567 624 Gac 136 782 849 408 961 -
TOF Matti-Fuel CFS {10% Co-fire) - 50 MW 465 528 588 605 644 683 721 760 7593 837 876
Sewapge Sludge & Anaerobic Digestion - 085 MW 693 696 692 702 704 itr) 70 712 712 712
Bio Mass (Co-Flre) 324 357 389 422 455 487 520 553 585 618 651
Molten Carbonate Fuel Cel - 300 kW 464 655 649 741 833 928 1018 1141 1203 1295 -
Spark ignition Engine - 5 MW 443 508 612 Ty an 926 1030 1135 1240 134
Hydroeleciric - New - 30 MW 473 467 462 456 448 — — — neen e
Ohio Falls 9-10 283 287 281 273 — —-- - -—- o e e
Minimum Levelized $/kW 103 186 237 225 408 440 456 443 442 435 428
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Exhibit 8

Levelized Dollars at Various Capacity Factors With S02 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost- Hase 2007 {S/hW yr)
Hea! Rate- High
Fuel Foreeast- High Capacity Faclors
Technology 0% 10% 20% 30% 40% 50, 60% 70% B0 0% 100%
Fumped Hydsc Energy Storage - 500 MW 147 210 273 - —- e enr e —— -
Lead-Acid Battery Energy Slorage - 5 MW 221 279 337 e wovn e e e —— e ——
Compressed Air Energy Storage - S00 MW 40 251 361 o e - - o — ——
[Simple Cycle GE LMGB000 CT - Peaking Capacity 173 331 489 647 805 963 1121 1279 1437 1595 1753
Simpie Cycle GE YEA CT - Praking Capacity 38 506 145G 1638 1827 206
Simpie Cycle GE 7FA CT - Peaking Capacity 272 442 1288 1458 1627 1756
Combined Cycie GE 7EA CT - Intermediate Load 308 424 1008 1121 1238 1354
Combined Cycle GE 7FA CT - Intermediale Load 348 855 957 1058 1160
Combined Cycle 2x% GE 7FA CT - Inlermediate Loat 326 832 933 1035 1138
Combined Cycle 3x1 GE 7FB CT - Inlermediate Loa: 305 a8 808 1609 1108
Siemens 5000F CC CT - intermediate Load 339 849 951 10653 1158
Humid Air Turbine Cycle GT - 366 MW 134 278 422 1142 1286 1436 -
Kalina Cycle CC CT - 282 MW 145 233 321 760 848 936 e
Cheng Cycle CT - 140 MW 152 257 362 a87 992 1097 e
Peaking Microturbine - 0 03 MW 423 652 s e o o
Baseload Microturbine - 0 G3 MW 459 661 863 1872 2074 2278 2478
Subcriticat Pulverized Coal - 250 MW 331
Subscriticai Pulverized Coai - 500 MW 201
Subcritical Pulverized Coat, High Sullur - 500 MW 207
Clrculating Fiuidized Bed - 250 MW 330
Circutating Fluidized Bed - 500 MW 293
Supercritical Pulverized Coat - 500 MW 269
Supercritical Pulverized Coal. High Sullur - 560 MW 303
Superteritical Pulverized Coai - 750 MW 277
Supercritical Pulverized Cogl. High Suffur - 750 MW 280
Pressurized Fluidized Bed Combustion 412
1x1 IGCGC 368
2x11GCC 327
2x1 IGCC, High Suifur 3z7
Suberilical Pulverized Coal « 500 MW . CCS 524
Suberitical Pulverized Goal, High Sullur - 500 MW - ( 632
Circulating Fluidized Bed - 500 MW - CCS 532
Supercritical Pulverized Coal - 500 MW - CC8 531
Supereritical Fulverized Coal. High Sulfur - 500 MW 538
Supercrilical Pulverized Coal - 750 MW . CCS 501
Supercritical Pulverized Coal. High Sulfur - 760 MW 505
1% 1GCC - CCS 510
2x1 1GCC - CCS 462
261 {GCC High Sulfur - CCS 464
Wind Encrgy Conversion - 50 MW 259
Geothermai - 30 MW 484
ISolar Pholovoltaic - 50 kW 766
Solar Therma! Parabolic Trough - 100 MW 506 507 e ——— e e ——— — —_ —
Solar Thermal. Parabolic Dish - 1 2 MW 734 734 o o - e — — — e
Solar Thermat Cendral Recaiver - 50 MW 77 772 773 773 773 774 T e s — e
Solar Thermal. Sclar Chimney - 50 MW 646 646 646 645 - e - nen ——— - —
MSW Mass Burn -~ 7 MW 1741 1772 1804 1835 1867 1898 1930 1861 —— — —
RDF Sloker-Fired - 7 MW 1685 1762 1899 27 2134 2251 2368 2485 2602 —
Landfii Gas IC Enging - 5 MW 455 523 591 660 728 796 864 933 10 1069 --n
TDF Mulll-Fuel CFB (10% Co-fire} - 50 MW 485 529 568 608 &47 687 721 766 BOB B45 884
Sewage Sludge & Anaercbic Digestion - 0BG MW 633 695 639 702 704 707 710 712 712 712 -
Bic Mass {Co-Fire} 3z4 357 391 424 457 4, 524 557 591 624 857
Molten Carbonate Fuet Cell - 300 kW 464 577 690 802 9§ 1028 1141 1253 1366 1479
Spark ignition Engine - 5 MW 403 632 660 789 917 1046 1175 1363 1432 1561 ~—
Hydroelectric - New - 30 MW 473 467 462 456 448 e - —- ner e o
Chio Falls 9-10 293 287 281 273 — -—- -—- e wnw o
Minimum Levellzed S(kW 103 205 237 225 411 444 456 449 442 435 428
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Exhibit 8

Levelized Dollars at Various Capacily Factors With SO2 Adders, with High CO2 Adders, and with NOx Adders

Capital Cost- High 2007 (SIHW yo}
Heat Rate-Low
Fupi Foracast-Low Capacity Factors
Technology 0% 10% 20% 30% A0% 50% 0% 70% B0% T0% 166%

Pumped Hydro Energy Storage - 500 MW 194 257 320 - — - — -—— - o —
Lead-Acid Batlery Enesgy Slorage - 5 MW 271 329 387 - - - e e e e -
Compressed Alr Encrgy Storage - 500 MW 181 262 343 e ean e e - - — —
Simple Gycie GE LMG00C CT - Peaking Capacity 197 292 ana 483 674 769 864 G960 1058 1150
Simple Cycie GE TEA CT - Peaking Capacily 256 68 477 698 80Y 520 1030 1141 12582
Simple Cycie GE TFA CT - Peaking Capacity 118 214 314 413 632 T 810 910 1068 1108
Combinad Cycle GE TEA CT - Intermediaie Load 216 278 4% 403 528 580 632 735 777 838
Combined Cycle GE 7FA CT - Intermediate Load 163 217 272 326 435 490 544 585 653 708
Combined Cycle 2x1 GE 7FA CT ~ Intermedizie Loa i 245 518 573 627 682
Gombined Cycle 3x1 GE 7FB CT - Intarmediale Loar : 484 548 602 B55
Siemens 5000F CC CT - Intermediate Load 536 580 645 700
Humid Air Turbine Cyele CT - 366 MW 583 760 838 -
Kalina Cycle CC CT - 282 MW 1% 585w
Chang Cycle CT - 140 MW BBZ -
Peaking Microturbine - 0.03 MW 466 600 - —— — — — —— a—— e o
Baselcad Microtursine - 0 03 MW 498 60% T2 B8 926 1034 Ha 1248 1355 1462 1569
Subcritical Pulverized Coal - 250 MW 398 430 161 493 524 556 587 618 650 682 fak
Subcritical Pulverized Coal - 500 MW 352 383 415 445 478 509 540 6572 603 634 668
Subcritical Pulverized Coal, High Sulfur ~ 500 MW 357 387 a7 447 477 507 537 567 597 628 658
Circulating Fluidized Bed - 250 MW joll:} 430 462 493 625 557 58% 621 653 684 715
Circulating Fluidized Bed - 500 MW 55 3By 418 450 481 413 545 578 608 639 671
Supercritical Pulverized Coat - 500 MW 61 3 421 450 480 510 540 570 600 629 659
Supercritical Pulverized Cogt. High Sullur - 500 Mw 3ES5 304 423 452 482 511 54¢ 569 508 827 657
Supercritical Pulverized Coat - 780 MW 338 366 g7 427 457 488 518 548 579 609 639
Supercritical Pulverized Coal. High Sulfur - 750 MW 329 368 397 426 455 485 514 543 572 601 630
Prassurized Fluidized Bed Combustion 523 550 5395 631 667 703 738 T4 80 - nre
1%1GCC 458 487 516 545 574 602 6314 860 6Bg e s
21 1GCC 410 439 468 496 525 554 583 611 (511 S -
2x11GCC, High Sullur 410 437 455 492 518 547 574 601 629 e ——-
Supcrilical Pulverized Coal - 560 MW - CCS 587 718 749 779 810 841 a7z an3 834 64 985
Subscrilical Pulverized Coal, High Sulfur - 500 MW - ( 686 726 755 784 814 843 87z 902 931 961 990
Circulating Fluidized Bed - 500 MW - CCS 699 730 761 792 823 854 885 916 947 977 1008
Supercritical Putverized Coal - 500 MW - CCS 694 723 752 81 810 839 868 Ba7 826 955 984
Supercrilical Puiverized Coal. High Sulfur - 500 MW 703 73 759 787 815 843 871 B39 928 956 984
Supercritical Puiverized Coal - 750 MW - CC8 659 688 717 747 776 805 834 863 892 922 951
Supercritical Pulverized Coal. High Sulfur - 750 MW 664 692 719 747 775 803 830 B5E 886 914 941
X1 IGCC -G0S 660 684 o7 Fell 755 778 802 BZ6 849 - —nn
%1 1GCC - CCs Go1 625 548 672 696 719 743 Tar
2x1 IGCC. High Sullur - CCS 603 626 648 671 693 716 T30 761
Wind Energy Conversion - 50 MW 200 288 277 7 - - —_ .
Geothermal - 30 Mw 586 582 578 570 865 559 553
Salar Photovotiaic - 50 kW 909 909~ e w—nn s e e
Solar Thermai. Parabolic Trough - 160 MW 592 593 - - - - —— e o - —
Solar Thermad Parabolic Dish - 12 MW B67 867 - — - —--n e o — - e
Solar Thermai Central Receiver - 50 MW 897 ag8 agg 899 800 800 ane - e e -
Solar Thermal. Solar Chimney - 50 MW 758 758 758 757 — e — B oo ——— —
MSW Mass Bum - 7T MW 1848 188G 1912 1844 1575 2007 2039 2671 - —— i
RDF Stoker-Fired - 7 MW 1831 1933 2036 2138 2241 2343 2446 2548 2651 e ——
Landfill Gas 1C Enging - 5 MW 487 523 BB0 596 633 669 706 742 T8 845
TDF Mulli-Fuel CFB (10% Colire) - 50 MW 582 a7 652 687 722 757 92 g2y 862 897 §32
Sewage Siudge & Anaerobic Digestion - 85 MW 758 781 753 765 767 769 771 773 773 73—
Bin #Mass (Co-Fire) 391 A3 450 479 509 538 568 597 827 G656 €86
Molen Catbonate Fuel Cell - 300 kw 537 597 658 718 778 B39 899 959 1019 1086 -
Spark Ignition Engine - 5 MW 416 483 545 616 683 750 B16 883 G50 1016 —
Hydroeleslric - New - 30 MW 6§22 §i6 611 805 588 o e e —_ o
Ohin Falls 8-10 39 285 ara 372 — - e g —-— —- e

Mintmum Leveflzed S/wW 115 171 225 265 332 3B6 440 442 538 540 533
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Exhibit 8

Levelized Dollars at Various Capacity Factors With S02 Adders, with High CO2 Adders, and with NOx Adders

Cagpltal Cest- High 2007 {STHW yr}
Heat Rate-Low
Fuel Forecast- Base Capacity Faclors
Fechnology % 0% . 20% . a0%  A0%  56%  60%  70% . 86%  80%  100% ]
Pumped Hydro Energy Storage - 500 MW 194 257 320 - e e e e e e —
Lead-Acid Ballery Energy Storage - 5 MW & 329 387 e e - o s e - —
Compressad Air Energy Storage - 5060 MW 1B 275 369 —— — - e —— —— —— —
Simple Cycle GE LMBOGD CT - Peaking Capacity 187 320 444 1307 1430
Simgle Cycle GE 7TEA CT - Peaking Capacily 1459 1605
Simngle Cycle GE 7FA CT - Peaking Capacity 1297 1428
Combined Cycle GE 7TEA CT - Intermediate Load 9986 1083
Combined Cycle GE 7FA CT - Intermadiale Load 845 921
Combined Cycle 251 GE 7FA CT - intermediate Loat B17 893
Combined Cycle 3x1 GE 7FB CT - intermediale Loa 792 867
Siemens 5000F CC CT - intermediate Load B37 913
Humid Air Turbine Cycle CT - 386 MW 148 256 3623 470 576 11N -
Kalina Cycle CC CT - 282 MW 167 232 297 363 428 V50 e
Cheng Cycle CT - 140 MW 1t 252 334 409 488 BED -
Peaking Microlurbine - G 03 MW 466 643 -— — — e o
Baseload Microturbine - 0 03 MW 498 648 798 948 1068 1847 1997
Suberiticat Pulverized Coal - 250 MW 388 430 461 493 525 664 76
Subcrilicai Pulverized Goal - 500 MW 352 384 415 447 478 636 668
Subcriticat Pulverized Coal. High Sutfur - 500 MW 357 387 418 448 478 630 660
Circulating Fiuidized Bed - 250 MW 398 430 462 494 526 636 T8
Circulating Fiuidized Bet - 506 MW 3ss 387 419 450 482 641 673
Supercriticai Pulverized Coal - 500 MW 361 391 421 451 481 631 662
Suparcritical Pulverized Coal. High Sulur - 500 MW 365 394 424 453 482 628 658
Suparcritical Puiverized Coal - 750 MW 336 67 97 428 458 611 641
Supercritical Pulverized Coal. High Suifur - Y50 MW 339 368 398 427 456 603 632
Pressurized Fluidized Bed Combustion 523 559 595 631 668 - —
%1 IGCC 458 487 516 545 574 e o
2x1 IGCC 410 439 468 457 5286 e —
221 1GCC, High Sulfur 410 438 465 483 520 — —_—
Suberitical Puiverized Coal - 500 MW - CCS 687 718 780 781 812 G468 1000
Subcritical Pulverized Coal. High Sulfur - 500 MW - ( 696 726 755 785 B16 484 993
Cireulating Fluidized Bed - 500 MW - CCS 694 730 762 743 825 981 1013
Supercritical Puiverized Ceal - 500 MW - CCS 684 723 753 782 B12 958 988
Supercriticat Puiverized Coal. High Stlfur « 500 MW 703 7 760 788 B17 o5g 987
Supercritical Pulverized Coal - 750 MW - GCS 659 682 718 748 T 926 955
{Supercritical Pulverized Coat High Sulfur - 750 MW 664 692 120 749 77T 918 946
1x11GCC - CCS 660 884 o8 Taz 156 T80 804 428 852
21 IGCC - CCS 604 828 649 673 597 ™ 745
2x1 [GCC. High Sutur - CCS 603 526 695 718 71
Wind Energy Conversion - 50 MW 299 288 nen e v
Geolhermal - 30 MW 586 562 570 865 559
Solar Photovollaic - 50 kW 909 908 - e - e
Selar Thermal. Parabolic Trough « 100 MW 582 5893 e - e n e " o — e
Sofar Thermal. Parsbofic Dish - 12 MW BGY BT - ann e e - - — -
Sofar Thermal. Centrat Receiver - 50 MW Bg7 B9EB B99 B39 900 abh [151 rre e o
Solar Thermal. Solar Chimney ~ 50 MW 758 758 758 757 e e e e - P -
MEW Mass Burm « 7 MW 1848 1880 1911 1943 1875 2007 2038 070 - ——-
ROF Stoker-Fired - 7 MW 1831 1935 2036 2142 2245 2349 2452 2656 2658 — e
Lardfill Gas IC Engine - 5 MW 487 537 5BB 538 688 739 189 Bag Bg0 940 -
TOF Multi-Fiel CFE (10% Co-fire) - 50 MW 552 Gt 653 688 123 58 T3 B29 BB4 Bag 934
Sewage Sludge & Anaerobic Digestion - 085 MW 759 761 763 765 767 769 771 773 773 T I
Bip Mass (Co-Firg) 391 41 450 480 510 540 569 590 628 658 588
IMoller Carbonale Fuel Cell - 300 kW 537 621 705 789 873 asy 1041 1125 1209 1293
Spark Ignition Engine - 5 MW 416 511 605 700 754 BED 983 1076 173 1267 -
Hydrosfactric - New - 30 t4W 622 G16 G611 605 545 e — -—— - o
Chio Fails 9-10 39 385 378 372 e e e e - o
Minimum Lavelized S/HW 115 152 267 265 417 486 515 544 547 540 533
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Exhibit 8

Levelized Dollars at Various Capacity Factors With 302 Adders, with High CO2 Adders, and with NOx Adders

Capltal Cost- High 2007 {SKW yr}
Heat Rate-Low
Fuel Forecast- Hlgh Capacity Faetors

Technology 0% 10% 20% 30% 40% 50% 6% T0% BO% G% 1%
Pumped Hydro Energy Storage - 500 MW 194 257 30— —-n — e m— e e -
Lead-Acid Baltery Energy Storage - 5 MW 271 329 387 ———- ——- - - - —-— - -
Comgressed Air Enorgy Storage - 500 MW 1831 286 391 [ nn e e ann nmn . rran
Simple Cycle GE LMGO00 T - Peaking Capacily 197 342 488 633 778 924 1069 1214 1380 1505 1650

Simple Cycle GE TEA CT - Peaking Capatity 318 462 665 838 1012 1188 1358 1532 1705 1874
Simple Cycle GE 7FA CT - Peaking Capaciy 15 2n 427 583 739 895 1051 1207 1363 1519 1675
Combined Cycle GE TEA €T - Interreediate Load 216 az2 427 533 639 744 850 956 1061 1167 1273
Combined Cycle GE 7FA CT - Intermediate Load 163 255 347 440 532 624 716 acs D1 993 1085
Combinad Cycle 2x1 GE YFA CT - intermediato Lo 137 228 32 414 506 598 690 782 874 967 1058
Combined Cycle 3x1 GE YFB CT - intermediale Loai k 300 N 483 574 666 757 BAB 940 1031
Siemens 5000F CC CT - Intermediate Load 338 a3 524 816 709 a2 8a5 987 1080
Humid Air Turbine Gycle CT - 366 MW 411 51 672 BG3 934 14964 1195 1326 b
Kalina Cycle CC CT - 282 MW
Cheng Cycle CT - 146G MW
Paaking Microturbing - 0 (3 MW
Baseload Microturbine - 0 03 MW

365 480 658 651 747 B42 937 w033

865 1048 1231 1414 1558 1754 1964 2148 2331

Subcrical Pulverized Coat - 25G MW 463 657 B89 T22
18uberitical Pulverized Coal - 500 MW 417 610 642 675
Subcritical Pulverized Coat, High Sulfur - 500 MW 419 6035 636 G&Y
Circulaling Fluidized Bed - 250 MW 463 860 692 735
Circulating Flukdized Bed - 500 MW 420 615 647 680
Superceiical Pulverized Coat - 500 MW 422 606 636 667
Supercriticat Pulverized Coal. High Sulfur -~ 500 MW 425 605 635 664
Supercrillcal Pulverized Coal - 750 MW 358 586 617 648
Supercrilicai Pulverized Coal. High Suliur - 750 Mw 388 578 608 638
Prassurized Fluidized Bed Combustion 8487 B8 -
1=1iGCC 517 885 - —-
2x11GCC 485 646 — e
2x1 IGCC, Migh Sutfur 466 635 - —-
Subcritical Pulverized Coal - 500 MW . CCB 752 947 979 1012

Subcritical Pulverized Coal, High Sulfur - 500 MW - ( 685 T27 758

Circizlating Fluldized Bed - 5860 MW - CCS BG% 732 764 961 993 1076
Supercritical Pulverized Coal - 500 MW - CCS 654 T2% 755 939 968 1000
Supereritical Pulverized Coal. High Sutfur - 500 MW 703 733 762 939 969 948
Supererilical Pudverized Coal - 750 MW ~ CCS 659 590 721 906 936 967
Supererilical Pulverized Coal High Sulfur - 750 MW 664 693 723 BY9E 928 957
12t tGCC - CCS BEBO BGO e
2%t 1GCC - CCS 601 801 — —
2xt IGCC. High Sulfur - CCS 603 793 — e
Wind Encrgy Conversion - 50 My 209 — - — —— - —- —
Geolhermal - 30 MW 5B6 579 565 559 553 547 546 §33
Snlar Photovoliaic - 50 kW 809 e o e e o nren o
Solar Thermal. Parabolic Trough - 100 MW 592 593 - e —_— —_— —— —— —— — —
Solar Thermat. Parabolic Dish - 1 2 MW as7 867 - — —-- - -— - — - -
Salar Thermat Central Receiver - 50 MW 897 898 899 899 900 900 800 — — o —
Solar Thermai. Solar Chimney - 50 MW 758 758 758 57— —_ — —— — em ——
MEW Mass Bum - 7 MW 1848 1880 191t 1943 1975 2007 2038 2070 -—— — —-
ROF Stoker-Fired - 7 MW 1831 1638 2044 2151 2257 2364 2471 2577 2684 e e
Landfill Gas iC Enging - 5 MW 487 548 80% 671 732 793 B54 916 977 1038 -
TDF Multi-Fuel CFB {10% Co-fire) - 80 My 582 618 654 620 726 762 798 B3 a7c S06 942
Sewage Sludge & Anaerobic Digestion - 0BG Mw 759 781 763 765 &7 769 lial T73 173 Ty -
Bio Mass (Co.Fire) 391 42 452 482 513 543 573 603 534 664 694
[Molten Carbonate Fuel Celi - 300 kW 537 839 742 844 947 1049 1152 1254 1357 1459 e
Spark Ignition Engine - § MW 416 832 649 765 882 998 1114 1231 1347 1483
Hydroetectric - Maw - 30 MW 622 618 611 605 599 —- - e - — —
Ohio Falis 8-10 391 385 374 vz — —-- - - -— - —
Minimuen Levelzed S/HW 115 208 277 265 458 488 518 548 547 a40 533
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Exhibit 8

Levelized Dollars at Various Capacily Factors With SO2 Adders, with High CO2 Adders, and with NOx Adders

Capital Cost- High 2607 (/W yn)
Heat Rate- Base
Fuel Forecast-Low Capaclly Faclors
f Fechnology 0% 10%  20%  30%  A46% . §0%  B0% . 10%  BO%  80%  100%
JPumped Hydro Energy Storage - 500 MW 184 257 320 —nn rr v e —_— -
tead-Acid Ballery Energy Slorage - 5 MW 271 329 g7 e e R - - ——— e ——
Compressed Air Energy Storage - 500 MW 181 264 346 - - —-- —— - -
Simple Cycle GE LMB0GE CT - Peaking Capacily 128 207 395 484 583 891 780 BBY 987 1086 1185
Simple Cycle GE 7£A CT - Peaking Capacily 264 949 1063 1178 1293
Simple Cycle GE 7¥A CT - Peaking Capacily B 218 839 943 1646 1149
Cornbined Cycle GE 7EA CT - Inlermediate Load 217 282 674 740 805 870
Combined Cycle GE TFA CY - Intermedizle Lead 164 221 564 621 678 735
Combined Cycle 2x1 GE 7FA CT - Inlermediate Loa 195 537 595 652 709
Combined Cycle 3x1 GE 7FB CT - Intermediate Loar 4 231 4 : 513 570 626 £83
Stemens S000F CC CT - Intermediate Load 154 211 269 3z8 383 440 498 555 612 670 721
Humid Ajr Turbine Cycle CT - 366 Mw 160 230 316 380 471 55% 7 871 o
Kalina Cycle CC CT - 282 MW 168 217 285 314 363 411 558 606
Cheng Cycle CT - 140 MW 174 233 242 352 411 470 648 767 e
Peaking Microturbing - 0 03 MW 467 606 - —— - —_ — een o o —
Baseload Microturbine - 0 03 MW 501 613 726 838 950 1063 1175 1288 1400 1532 1525
Subcritical Puiverized Coai - 250 MW jeist:] 431 454 497 530 563 596 629 662 B85 728
Suberitical Pugverized Coal - 500 Mw 352 385 418 451 484 517 550 583 815 648 681
Subcritical Pulverized Coal. High Sulfur - 500 MW 357 389 420 452 483 515 546 578 609 641 672
Circulating Fluidized Bed - 250 MW 348 44 465 498 831 565 598 632 665 &858 2
Circulating Fluidized Bed - 500 MW 358 388 421 454 4BB 521 554 587 520 653 687
Supercritical Puiverized Coat - 500 MW 361 382 424 455 486 517 549 580 811 642 674
Supercritical Pulverized Coal. High Sulfur - 500 MW 365 386 426 457 487 518 548 579 0] B40 670
Supercritical Puiverized Coat « 750 MW 336 388 399 431 463 485 526 558 580 622 653
Supercritical Pulverized Coal High Sulfur - 750 MW 339 368 400 430 461 491 522 552 582 613 643
Pressurized Fluidized Bad Combustion 523 561 598 636 673 711 748 786 824 e —
%3 IGCC 458 488 518 549 579 6089 639 669 0H ——— —_
2x% 1GCC 410 44G 470 500 530 S60 591 621 651 — —
2x1 IGCC, High Sulfur 410 43§ 467 495 525 553 682 [:33] 638 — —
Suberilicat Pulverized Coal « 500 MW . CCS 687 718 751 783 818 848 880 912 044 o786 1009
Suberilicat Pulverized Coal, High Sullur - 500 MW - ( 6956 727 57 788 a18 849 BBO 810 941 g7z 1002
Circulating Fiuidized Bed - 500 MW - GC5 699 T3t T64 186 829 981 893 826 958 990 1023
Sugercriticat Pulverized Coal - 800 MW - CCS 694 724 755 785 815 845 ar6 906 936 967 997
Supercriticat Pulverized Coal. High Sulfur - 500 MW 763 732 762 791 820 849 879 08 937 967 9496
Supereritical Pulverized Coal - 750 MW - CCS 659 689 720 750 781 a1 42 ar2 903 933 964
Sugercrilical Pulverized Coal High Sulfur - 750 MW 664 693 722 751 780 809 838 agr BOG 825 954
1x1iGCC - CCS 660 GB5 109 734 759 T84 808 833 BSB e e
2x1i6GC - CCS 601 626 650 675 700 725 749 774 799 e
2x11GCC. High Sulfur - CCS 603 627 650 674 597 721 744 768 ki R —
Wind Energy Conversion - 56 MW 299 288 277 265 e o - —- —— — w—
Geothermal - 30 MW 586 582 578 574 570 565 559 553 547 540 533
Soiar Photovoilalc - 50 kW 809 ane - — — - e —_— e
Sotar Thermal. Parabolic Trough - 100 MW 552 593 e o s s - e o —— —
Solar Thermal. Parabolic Dish - 1 2 MW 887 B&7 R - — - — — o —— -
Solar Thermal. Central Receiver - 50 MW 897 898 899 899 ac0 §00 L[4 e — —
Solar Thesmal. Solar Chimney - 50 MW 758 758 758 757 e P - e —— - w—
MSW Mass Burs - 7 MW 1848 1880 1911 1943 1975 007 2038 2070 - ——
RDF Stoker-Fired - 7 MW 18313 1939 2048 23184 2281 2388 2476 2584 2691 —an
Landfill Gas IC Engine - 5 MW 487 526 564 803 541 &80 718 THT 795 [ I
TOF Multi-Fuel CFB {10% Co-fire) - 50 MW 582 619 656 842 T8 766 803 B39 a76 913 949
Sewage Siudge & Anaerobic [Ygestion - 085 MW 759 761 764 766 188 A 773 775 776 776
Bio Mass (Co-Fire) 39 422 453 484 515 546 &77 BOY 538 669 700
Melten Carbonate Fuel Cell - 300 kW 538 601 664 728 7ot 884 917 980 1044 107
Spark Ignition Engine - 5 MW B8 488 558 624 338 168 83y 909 980 1050 e
Hydroelectric - New - 30 W 622 G616 611 805 58989 — e - won -
Chio Falls 9-10 391 385 379 2 —- o R e e —-
Minimum Levelized SihW 116 174 2 265 344 400 457 509 547 540 533
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Levelized Dollars at Various Capacity Factors With S02 Adders, with High CO2 Adders, and with NOx Adders

Exhibit 8

Capital Cost- High 2007 {SThW yr}
Heat Rate- Base
Fuel Forecost- Base Capacity Factors

Fechnology 0% 0%  20%  30%  40% . 50%  60%  70%  BO%e . O0% . 100% |
Pumped Hydro Energy Storage - 506 MW 194 257 320 - —- — —-— e e . i
Lead-Acid Battery Energy Slorage - 5 MW 271 329 387 - - e o i - - —-
Compressed Air Energy Storage ~ 500 MW 181 278 374 e wanw e e e ——— [ e
Simple Cycle GE tMB0G0 CT - Peaking Capacity 455 584 B41 970 1089 1227 1356 1485
Simple Cycie GE YEA CT - Peaking Capacity 450 906 1058 1210 1362 1514 1666

Simple Cycle GE 7FA CT - Peaking Capacily
Combined Cycle GE TEA CT - Intermediate Load
Combined Cycle GE 7FA CT - Intermediate Load
Combined Cysie 2x1 GE 7FA CT - intermedizie Loa
Combined Cycle 3x1 GE 7FB CT - intermediate Loal
Stemens 5000F GG CT - Imermediate Load

Humid Air Turbine Cycle T - 368 MW

Katina Cycle CC CT - 282 MW

Cheng Cycle CF - 140 MW

Peaking Micraturbine - 0.03 MW

Baselead Microturpine - 0 03 MW

Subcritical Pulverized Coal - 250 MW

Subceritical Pulverized Coal - 506G MW

Subcritical Pulverized Coal, High Sulfur - 500 Mw
Circutating Fluidized Bad - 2560 MW

Circulating Fluidized Bed - 500 MW

Supercritical Pulverized Coat - 580 MW

Supercritical Pulverized Coail. High Suliur - 500 MW
Supercritical Pulverized Coal - 750 MW

Supercritical Pulverized Coal High Sulfur - 750 Mw
Pressurized Fluidized Bed Combustion

$x11GCC

21 IGCC

2x11GCC, High Sulfur

Subctitical Pulverized Coal - 500 MW .« CCS
Subcritical Pulverized Coal, High Sulfur - 500 MW - (
Circulating Fluidized Bed - 500 M - CC5
Supercritical Pulverized Coal - 500 MW - CCS
Supercriticai Puiverized Coal High Sullur - 500 MwW
Supercriticat Puiverized Coal - 750 MW - CCS
}5upercrilicat Pulverized Caoal. High Sulfur - 750 MW
%1 1GCC -GS

2%1 IGCC - CCS

2x1 IGCC. High Sulfur - CCS

Wind Energy Conversion - 50 MW

Geothermal - 30 MW
Solar PhotoveHaic - 50 kW .
Solar Thermat. Parabolic Trough - 100 MW 592 [ — J— —_ - em "

Solar Thermat. Parabolic Dish - 12 MW 867 867 e —- e e e s —- faass
Solar Thermal. Central Raceiver - 50 Mw 8oy 848 849 899 900 200 800 e e e
Solar Thermal Sclar Chimney - 50 MW 758 758 758 757 - - e ar e — —
MEW Mass Burn - 7 MW 1848 188( 1944 943 1975 2007 2038 2070 o - -
RIDF Slaker-Fired « 7 MW LX) 1945 2048 2457 2285 2374 2483 2591 2700 — —
Landfill Gas IC Engine - § MW 487 540 584 647 700 754 aoT 860 4 967 -
TOF Mulli-Fuel CFB (10% Co-fire) - 50 MW 882 6198 656G 693 136 6T 804 841 878 15 951
Sewage Skdge & Anaeroiic Digestion - (85 MW 759 761 784 766 769 77 773 775 776 7 -
Bio Mass (Ce-Fire) g 422 454 485 816 547 578 610 841 672 703
Mollen Carbonate Fue! Cell - 300 kW 538 526 744 ac2 ag1 are 1067 156 1243 1331 e
Spark Ignition Engine - § MW 418 518 617 717 3] 9B 1015 1115 EPALS 134 -
Hydroeleclsic - Naw - 30 MW 622 616 614 805 589 e — e - —— nan
Chig Falls 9-10 . 351 385 78 372 - e o en — - nmnn
Mintmum Levelized SIW 116 197 275 285 432 492 523 553 547 540 533
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Exhibit 8

Levelized Dollars at Various Capacity Factors With SQ2 Adders, with High CO2 Adders, and with NOx Adders

Capltat Cost- High 2607 (SIKW yr)
Heat Rate- Base
Fuel Forecast- High Capacity Factors

Technology 2% 10%  20%  30%  40%  50%  60% (0%  80%  60%  100%
Pumped Hydro Energy Storage - 500 MW 1894 257 320 — - e J— o -
Lead-Acid Battery Energy Storage - 5 MW 274 329 387 e - . oo . —— — —
Compressed Air Energy Storage - 500 MW 18% 289 397 — — f— — p— a—

Simple Cycle GE LMBDOD CT - Peaking Capacily
Simple Cycle GE TEA CT - Peaking Capacity
Simgle Cycle GE TFA CT - Peaking Capacity
Combined Cycle GE TEA CY - Inlermedizle Load
Combined Cycle GE 7FA CT ~ Intermediate Load
Combined Gycle 2x1 GE TFA CY - Intermediate Loa
Combined Cycie 3x1 GE 7F8 C7 - Iniermodiale Loa
Siemens S000F GC CT - Intermediate Load

Humid Air Yurbine Cycle CT - 366 MW

Kalina Cycle CC CT - 282 MW

Cheng Cycle CT - 140 MW

Paaking Microturbine - 0 03 MW

Baseload Microturbine - 0 03 MW

Subgcritica! Pulverized Coal - 250 MW

Subcritical Pulverized Coal - 500 MW

Subcriticat Pulverized Ceal, High Sulfur - 500 MW
Circulating Fluidized Bed - 250 MW

Circulating Fluidized Bed - 500 MW

Supercritical Puiverized Coal - 540 MW

Supercrilical Pulverized Coal. High Sulfur - 500 MW

502 654 806 658 1140 1262 1414 1566 1718
500 121 an 1053 1234 1415 1587 1778 1439
441 604 767 92¢ 1062 1255 1457 1680 1743
439 550 661 772 883 994 1108 1216 1327
358 455 552 849 145 842 83% 1036 1133
a3 428 525 622 718 815 a12 1009 1105
310 406 502 598 694 780 888 982 1078
349 A48 543 6490 738 8315 83z 10289 1127
425 562 B89 B3& 974 11%% 1248 1386

336 420 503 587 671 755 B39 823 e

428 459 480 521 6553 584 615 647 678

Supercrilical Puiverized Coal - 750 MW 43 664 597 G630 662
Supercrilical Pulverized Coal. High Sulfur - 750 MW 402 558 589 621 652
Pressurized Fluidized Bed Combuslion &00 794 B3z - e
1x1 IGCC 520 675 706 e —
221 1GCC 472 626 B57 - —
2x1 1GCC, High Sulfur 459 616 646  -— —
Subcriticel Pulverized Coat - 560 MW - CCS 755 0926 958 962 1026
ISubcrilical Pulverized Coai, High Sullur - 500 MW - { 896 728 781 §22 954 987 1019
Circidating Fiadized Bed - 500 MW - CCS €89 133 167 8938 972 006 1040
Supercritical Pulverized Coat - 500 MW - CCS 694 726 758 918 950 982 1014
Supercritical Pulverized Cost High Sulfur - 566 MW 783 734 785 919 950 80 1011
Supercritical Pulverized Coat - 750 MW » CCS 659 691 723 BA4 916 48 961
Supereritical Pulverized Goat. Migh Sutur « 750 MW 664 885 725 756 786 817 848 878 909 G939 970
T IGEE - CCS 660 i -
21iGCC - CCS 501 31

2x1 {GCC. High Suffur - CCS 603 727

Wind Energy Conversicn - 50 MW 288 wrer

Geathermal - 30 MW 586 563

Solar Pholovoltaic « 56 kW 8908 —

Solar Thermal. Parabolic Trough - 100 MW 582 o e e ——— e -
Solar Thermal. Parabolic Dish - 12 MW B67 - — — - —— —
Solar Thermal. Centrat Receiver - 50 MW B9y oo 900 - e v
Solar Therma!. Solar Chimney - 50 MW 758 rovnn s e e e —--
MSW Mass Bum - 7 MW 1848 2008 2038 069 — e
ROF Sloker-Fired - 7 MW 1831 2380 2502 2814 2| - -
Landfill Gas |C Engine - § MW 457 810 875 940 10064 1069 -
TDF Multi-Fuel GFB (10% Co-fire) - 50 MW 582 T 808 846 884 921 959
Sewage Sludge & Anzerobic Digestion - 085 MW 759 77% 773 775 76 775 -
Bic Mass (Co-Fire} 391 551 582 814 48 678 710
Muolten Carbonete Fuel Cef - 300 kW 538 1078 1184 17 1389 180y
Spark Ignition Engine - § Mw 418 541 663 786 808 1031 1153 1275 1396 1521 e
Hydrosieciric - New - 30 MW 622 G616 611 605 588 — — —— —— o
Ohie Falls 9-10 381 385 379 arz e - —— -— e s

Minlmum Levellzed SthW 116 214 27t 265 464 495 827 553 547 549 531
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Exhibit 8

Levelized Dollars af Various Capacity Factors With 502 Adders, with High CO2 Adders, and with NOx Adders

Capltat Cost- High 2007 (SIkW yr}
Heat Rate- High
Fuo! Forecast-Low Capacily Faclors -

Technology 6%  10%  20%  30%  40% . B0%  G0%  10%  B0%  O0%  100% |
Pumped Hydre Energy Storage - 560 MW 1894 257 326 - e wen e - - —_— ——
Lead-Acid Ballery Energy Storage - 5 MW 271 329 AB7 e i — - — —— e o
Compresscd Air Energy Storage - 500 MW 181 265 UG — — —_ — — —

Simple Cycle GE LMBO00 CT - Peaking Capacily 3¢ 403 505 607 709 B11 913 1015 1117 1219

Simple Cycle GE 7EA CT - Peaking Capacity 266 388 982 1102 1221 1340
Simple Gycle GE TFA C7 - Peaking Capacity s 10 224 a3z 868 976 10B3 1190
Combined Cycle GE 7EA CT - Inlermediale Load 218 286 355 606 765 833 901
Combined Cycle GE 7FA CT - Intermediate Load 165 225 284 583 642 702 762

Combined Cy¢le 2x1 GE TFA CT - Infermediale Loar 139 189 258

Combined Cycle 3x¥ GE 7FB CT - Inlermatdiale Loas 36 531 590 649 709
Siemens 5C00F CC CT - intermediate Load 155 215 275 §75 635 695 756
Humid Air Turbine Cycle G - 366 MW 152 238 320 739 823 s07 e
Kalina Cycle CC CT - 282 MW 168 219 210 !
Cheng Cycla CT - 140 MW 175 237 299
Praking Microturbing - 0,03 MW 468 612 -— — — - -
Basetoad Microturbine - 0 G3 MW 504 622 739 857 975 1092 1210
Subcriticat Pulverized Ceal - 250 MW 398 432 467 501 536 570 605
Subcriticat Pulverized Coal - 500 MW 352 386 421 455 490 524 558
Subcriticat Pulverized Coat, High Suilur - 568 MW 387 300 423 456 489 522 555
Circulating Fuidized Bed - 250 MW asa 433 468 503 538 573 607
Circulating Fluidized Bed - 500 MW 55 380 424 459 494 529 563
Sugpercriticat Pulverized Coal - 500 MW 61 394 426 459 492 525 557
Sugercritical Pulverized Coal Bigh Sufur - 500 MW 365 397 429 461 492 524 556
Sugercrilicai Pulverized Coat - 750 MW 338 369 403 436 469 502 536
Supereritical Pulverized Coat. High Sutiur - 750 MW 39 3in 403 435 466 498 530
|Fressurized Fiuidized Bed Combustion 523 562 602 641 &80 720 759
1x11GCC 458 4090 521 543 585 6816 648
2x1iGCC 410 442 473 5C5 536 568 599
201 460, High Satfur 410 440 470 500 530 560 590
Subgritical Pulverized Coal - 500 MW - CCS 587 720 754 787 821 854 888
Subcritical Pulverized Coal, Migh Sulfur « 500 MW - ¢ 896 728 760 782 823 855 887
Ciroutaling Flisidized Bed - 500 MW - CCS i) 733 167 8G0 834 868 902
Suparcritical Pulverized Coal - 500 MW - CCS 694 726 757 789 820 852 o84
Supercritical Pulverized Coal High Sulfur - 500 MW 703 733 764 794 825 855 836
Supercritical Pulverized Coal - 750 MW - CCS 659 691 723 754 786 [:31:] asc
Supereriical Pulverized Coal. High Sulfur - 750 MW 664 694 724 755 785 B1§ 845
1 IGCE - CCS 660 686 712 731 763 THY 815
2x1 1GCC - CCs 601 627 653 678 T4 T35 756
241 IGCC. High Sulfur - CCGS 603 528 652 677 701 728 751
Wind Energy Conversion - 50 MW 200 288 o — —
Geothermai - 36 MW 586 582 578 574 579 565 5558
Solar Pholavollaic « 50 kW 909 a9 - —_ — —-
Solar Thermal. Parabotic Trough - 100 W 592 593 - o e R — - — —— ——
Solar Thermal Parabolic Dish - 12 MW B67 867 e - — - - e - — —
Solar Thermal. Central Receiver - 50 MW BOT 898 Bog 809 a00 900 80 e - — e
Solar Thermal. Solar Chirnney - 50 MW 758 758 758 757 e o e — -— —n e
FMSW Mass Burn - 7 MW 1848 1880 1911 1943 1974 2008 2038 2069 — — —
ROF Slokei-Fired - 7 MW 1831 1944 2058 2169 2281 2394 2507 2619 2932 e
Landlit Gas IC Engine - 5 MW 487 528 565 609 650 691 Taz 172 813 B850 e
TDF Multi-Fuel CFB (10% Co-fire) - 50 MW 502 621 659 698 736 TTS 813 B52 890 928 987
Sewage Sludge & Anaerchic Digestion - 085 MW 759 762 765 768 770 773 76 778 779 780
Bio Mass {Co-Fire) 351 423 458 488 521 853 586 618 651 683 715
Mollen Carbonale Fuel Cell - 300 kW 539 665 671 738 BO4 870 936 1002 1068 1135 -
Spark Ignition Enging - § MW 419 493 566 640 714 FL:L) B61 635 1009 1083 e
Hydroeleciric - New - 30 Mw 622 616 611 605 598 — = o s e
Ohio Falis 8-10 - 39 385 379 372 - - -— -nrn v e -
Minlmum Levellzed S/RW 17 77 236 265 354 413 472 525 547 540 533
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Exhibit 8

Levelized Dollars at Various Capacity Factors With S02 Adders, with High CO2 Adders, and with NOx Adders

Capital Cost- High 2007 {SIkW yr)
Heat Rate- High
Fue! Forecast- Base - Capacity Factors

Tochnology 0% 1% 20% 306% 40% 50% 60% T0% B1% S0% 100%
Pumped Hydro Energy Storage - 500 MW 194 2587 320 - - — - —— — — —
Lead-Acid Ballery Energy Storage ~ 5 MW 271 329 387 e - - o — — —
Compressed Air Energy Slerage - 500 MW 184 280 379 - - —-- -— - - -——- —
Simple Cycle GE LMB000 CT - Peaking Capacity 189 332 466 599

Simple Cycle GE 7EA CT - Peaking Capacily 306 464 623
Simple Cycle GE 7#A CT - Peaking Capacity 259 401 543
Combired Cycle GE YEA CT - inlermediate Load 218 313 409 504
Combined Cycle GE 7FA CT - Intermediaie Load 165 248 332 415
Combined Cycle 2x1 GE 7FA CT - Intermadiate Loa 139 222 05 388

Combined Cycle 3x1 GE 7FB CT « Inlermediate Loa ;283

Siemens 5000F CC CT - Intermediale Load 155 239 322 406
Humid Alr Turbine Cycle CT - 366 MW 152 270 387 5G5
Kallna Cycle GC CT - 282 MW 168 240 3N 383
Cheng Cycle T - 140 MW 175 261 347 433
Peaking Microturbing - 0 .03 MW 468 639 e o
Baseload Microturbine - 0 03 MW 504 669 834 459
Subcrilical Puiverized Coat - 250 MW 358 433 468 502
Subcritical Pulverized Coai - 500 MW 352 387 421 456
Suberitical Pulverized Coal, High Suifur - 500 MW 357 380 423 457
Circulating Fluidized Bed - 250 MW 398 433 468 503
Circulating Fluidized Bad - 500 MW 355 s 425 460
Supercritical Pulverized Coat - 500 MW 361 384 427 460
Sugercrilical Pulverized Coal High Sullur - 500 MW 365 8?7 429 461
Supercrilical Pulverized Coal - 750 MW 336 68 403 436
Supercrilical Pulverized Coal. High Sulfur - 750 MW 339 ar: 403 435
Fressurized Fluidized Bed Combustion 523 563 602 642
1x11GGC 458 490 6522 554
2x1 1GCC 410 442 473 505
2x1 IGCC, High Sulfur 410 440 470 501
Subcritical Pulverized Coal - 500 MW - CCS 687 T21 755 7689
Suberitical Pulvarized Coal, High Sulfur - 500 MW - ( 696 728 761 7493
Girculating Flidgized Bed - 566 MW < CCS 639 733 768 B80Z
Supercritical Pulverized Coal - 506 MW - CCS 624 726 758 790
Supercritical Pulverized Coal. High Sulfur - 500 MW 103 734 765 795
Supercritical Pulverized Coal - T50 MW - CCS 6549

Supercrilical Pulverized Coal. High Sulfur - 750 MW 664

1x11GCC - CCS 660

YIGCC -GS 61

2xt IGCC. High Sutfur - CCS 603

Wind Energy Conversion - 50 MW 299

Genthermat - 30 MW 586

Solar Photovoliaic - 56 kW Q09

Solar Therma! Parsbolic Trough - 160 MW 592 — — e —— —— —

Solar Thermal Farabolic Dish - 1 2 MW 867 - e — - - -

Solar Thermatl Centrai Receiver - 50 MW 897 860 900 - — - e

Sclar Thermal Solar Chimnay - 5G MW 758 — — e — - —--

MSW Mass Burn - 7 MW 1848 2008 2038 2088 -—— —-

ROF Stoker-Fired - 7 MW 1831 2400 2514 2627 2741 e e

Landfill Gas I1C Engine - 5 MW 487 768 B24 a81 937 993 -

T0F Mulli-Fuel CFB (18% Co-fire) - 50 MW 582 78 814 853 B9z 930 969

Sewage Sludge & Aaaerobic Digestion - 085 MW 759 173 776 778 9 780 -

Bio Mass (Co-Fire) 3 554 587 G20 652 685 718

Mollens Carbonate Fuel Celi - 300 kW 539 1009 1093 i186 1278 1370 wewa

Spark Ignition Engine - 5 MW 419 842 1046 1151 1256 1360 —

Hydroaleclric - New - 30 MW 822 s s e et - —

Ohio Falls 9-10 3N 385 379 3TE e L el s —-- —
Minimum Levellzed S/kW 117 200 a7 265 447 499 531 553 547 540 £33
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Exhibit 8

Levelized Dollars at Various Capacity Factors With S02 Adders, with High CO2 Adders, and with NOx Adders

Capital Cost- High 2007 {S/W yn)
Heat Rate- High
Fuel Forecast- High Capaclly Faclors

Technology 0% 10% 20% 30% 40% 50% 50 70% 80% 0% 100%
Pumpeid Hydro Enargy Storage - 500 MW 194 257 320 - ——n wrnn e e - — e
Lead-Acid Battery Energy Storage - 5 MW 271 329 387 e o o - e —— —— —
Compressed Air Energy Storage - 500 My 181 282 02 - R — — - . —— -

Simple Cycle GE LMB08G CT - Peaking Capacily
[Simple Cycle GE 7EA CT - Peaking Capacity
Simple Cycle GE 7FA CT - Peaking Capacity
Combined Cycle GE 7EA CT - Intermediaie {.oad
Combined Cycle GE 7FA CT - Inlermediale Load
Cormbined Cycle 2x1 GE 7FA CT - Intermeadiate Lom
Combined Cycle 3x1 GE 7FB CY - Iatermediale Los
Siemens 5000F CC CT - inlermediaie Load

Huraid Air Turbine Gycle CT - 366 MW

515 673 B33 989 1147 1308 1462 1621 1779

456 625 794 964 1133 1302 1472 1641 1810
450 567 [ii%) 789 415 1031 147 1264 1380

440 584 728 a72 1016 1160 1304 1448

Kalina Cycle CC CT - 282 MW 344 BT% 95 -
Cheng Cycle CT - 140 MW 1) 1015 1120 -
Peaking Microturbine - 0 D3 MW B o — -—
Baseload Microturbine - 0 03 MW 908 2119 2321 2523
Subcriticat Pulverized Coal - 250 MW 468 662 fak 753
Subcritical Pulverized Coat - 500 MW 423 636 670 706
Subcritical Putverized Coal, High Sullur - 500 MW 425 628 662 696
Circulating Fluldized Bed - 250 MW 470 6B5 2 757
Circulaling Fluidized Bed - 500 Mw 426 841 876 712
Supereritical Pulverized Coal - 500 MW 428 6830 663 697
Supercritical Pulverized Coal. High Sulfur - 500 Mw 430 627 660 692
Sugpercritical Pulverized Coal - 750 MW 404 609 643 677
Superertical Pulverized Coat. High Sullur - 750 MW 404 601 633 666
Pressurized Fividized Bed Combuslion 604 B46 e e
x1iGEC 523 T8 - ——e
2x1iGCC q75 660 e
2x11GCC, High Sulfur 472 656  ~——
Subcritical Pulverized Coal - 500 MW - CCS 758 970 1005 1041

Subcritical Pulverized Coal. High Suliur ~ 500 MW . {
Cirgulating Flyidized Bed - 500 MW . CO5
Supercrilical Pulverized Cosi - 560 MW - CCS
Supereritical Pulverized Coal. High Sullur - 500 MW
Supercrilical Pulverized Coal - 750 MW - CCS
Supercrilical Puiverized Coal. High Suifur -~ 750 MW

1x1IGCC - CCS 169 786
21 1GCC - CCS 710 737
2x1 IGCC. High Sulfur - CCS 707 733
Wind Energy Conversion ~ 50 MW - -
Geothermal - 30 MW 570 565
Solar Photovoltaic - 50 kW — —

Solar Thermat. Parabolic Trough - 100 MW

Solar Tharmat Parabolic Dish - 12 MW

Solar Thermai. Central Receiver - 50 MW

Solar Thermat. Sclar Chimney - 50 MW

MEW Mass Burn - 7 MW

RDF Stoker-Fired - 7 MW

Landfill Gas iC Engine - 5 MW

TOF Multi-Fuet GFB (10% Co-fire) - 50 MW

Sewage Sludge & Anaerobic Digestion - 085 MW

Bio Mass {Co-Fira}

[Motten Carbonate Fuel Celi - 300 kW

Spark Ignition Engine - 5 MW

Hydroeleciric - New - 30 Mw

Ohip Fafls 9-10 391 385 374 - — --—-
Minlmum Levelizad S/kW 117 219 27t 265 470 503 535 553 547 540 533

676 805 433 062 1191 Hal 1448 1577 e
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Introduction

Kentucky Ultilities Company (KU) and Louisville Gas and Electric Company
(LG&E) (collectively, the Companies) evaluate future electric service requirements of
customers 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 the integrated analysis portion of the 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 nature. The quantitative
screening process was broken down into two separate phases and 1s discussed in the
Quantitative Screening Process section of this report. The DSM programs that passed the
quantitative screening process were evaluated with supply-side alternatives in the

integrated analysis.

Qualitative Screening Process
A list of 80 alternatives was identified which needed to be evaluated (see
EXHIBIT DSM-1). Next, criteria were defined to facilitate an objective evaluation of the
alternatives. Based upon the Companies’ objectives 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 each of the criteria. The highest weights were assigned to

the criteria judged to be the most important to develop a successful DSM program. The



most important criterion was the cost effectiveness of peak demand reduction. Each
potential DSM option was evaluated, based on a scale of | to 4, using the four criteria.
The four criteria, their weights, and an explanation of each are shown on EXHIBIT

DSM-2.

Qualitative Screening Results

The results of the qualitative screening process are shown on EXHIBIT DSM-3.
EXHIBIT DSM-4 depicts a graphical representation of the 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 the lowest. The
horizontal dark line on EXHIBIT DSM-3 and EXHIBIT DSM-4 delineates desirable
programs produced by the qualitative screening analysis which resulted in 28 DSM
options for further analysis. The cut off of 2.5 was selected by the Companies Energy
Efficiency Operations Department. Of the 28 programs, 15 programs target residential
customers and 13 target commercial customers. These 28 options were then evaluated in

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. It is a screening tool that determines the
cost effectiveness of DSM options by modeling their costs and benefits over a period of
time. The program uses hourly load shapes for the DSM options as well as the

Companies’ aggregate hourly system load shape. Portfolio Pro utilizes marginal energy

2%



costs to estimate the change in production costs resulting from the 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 in production costs, and changes in the 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 the DSM program. The TRC test combines the 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 phases. In Phase 1, the cost to
administer the program was not considered and it was assumed that the 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 the cost of the
program without the administration cost, then it 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 the DSM alternative. Of the 28 programs



evaluated in the Phase | portion of the qualitative screening process, 15 passed the
Participant Test and Total Resource Cost Test screening in this phase and were further
evaluated in greater detail in Phase 11 of the quantitative analysis. EXHIBIT DSM-5 is a
list of the assumptions used in Phase | of the quantitative analysis and the resulting
benefit cost ratio.

Fach program that passed Phase 1 of the quantitative screening process was put
through a program design phase (Phase [1). The costs to administer the programs and the
expected levels of penetration for each Company (KU and LG&E) were added to the
programs that passed Phase I. 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 in

each program, and other pertinent assumptions can be found on EXHIBIT 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 in Phase 1l 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 the quantitative screening and
the reasons they failed. For each program, (C) represents commercial and (R)
represents residential programs,

High Efficiency Heat Pump (Replace Existing Unit) (R)

This program encourages residential customers to replace existing, less efficient
heat pumps with high 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 the cost to administer this program.



DSM Resources That Passed Quantitative Screening

Below are descriptions of the 12 programs that passed the quantitative screening.

FFor 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
poorly 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.



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

Participant test of 1.71.

High Efficiency Motors (C)

This program encourages commercial customers that are considering replacing
worn out motors to purchase energy efficient motors. The peak and energy savings are

cost effective with a TRC of 1.71 and a Participant test of 5.32.



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” component. Customers would
receive smart thermostats, energy use display devices, and water heater/pool 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 commercial customers with refrigerators and freezers
improve the 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 1.52 and a Participant test of 3.34.
Removal of Second Refrigerator (R)

This program would provide incentives for residential customers to remove old,
inefficient second refrigerators in the home. Multiple refrigerators are in place in 22
29% of our customer’s homes. Participant costs of “zero” results in an “infinite”

Participant Test. Peak and energy savings are cost effective with a TRC of 4.38.

Energy Management System (C)

Commercial customers would be provided an incentive to install a system to

monitor and control HVAC, lighting and equipment energy consumption, in order to



reduce peak demand and usage. Based upon the energy and demand savings this

program is cost effective with a TRC of 1.37 and a Participant Test of 2.21.

High Efficiency Heat Pump (replacing resistive heat) (C)

This program would provide incentives for commercial customers currently
serviced by electric resistive heating to convert and install a high efficiency heat pump
system(s). The peak and energy savings offer marginally effective return with a TRC of

1.1 and a Participant test of 2.36.

Heat Pump Water Heater — Restaurant & Laundries (C)

Commercial restaurant and laundry customers, who have significant hot water
usage, would be cligible to receive incentives to convert from electric resistance water
heating to the more energy efficient heat pump water heater 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 analysis 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-consuming 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 much more rigorous program design cycle,
which could result in program concepts and program details being changed significantly,

or programs not being implemented.



Residential

High Efficiency Heal 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)

Qccupancy Sensors

High Efficiency Alr 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 Pricing/Smart Metering/Energy Use Display

Geothermal Heat Pump

Solar Water Heating

Flectric Thermal Storage - Cooling (special rate)

Attic Ventilation

Dual Fuel Heating System

Ceiling Fans

Energy Star or Equivalent For Existing Muiti Family Homes

instantaneous Water Heating - Gas

Strategic {ree-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 Oven/Range Purchase Incentive

Hydronic Distribution of Cooling and Heating

Instantaneous Water Heating - Electric

Photovoltaic

Solar Greenhouses and Sunspaces

Windmills

Fuel Cells

Exhibit DSM-1
Page 1 of 2



Commercial

High Efficiency Heat Pump (replacing resistive heat)

Window Shading and Fiims

Duct Evaluation & Sealing

High Efficiency Motors/ASD 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 (repiace existing)

High Efficiency Cooking

Clean CHP/CHRP

Desiccant Cooling

Polarized Refrigerant Oxidant Agent

Chilled Water Systern Optimization

Daylighting

instantaneous Water Heating - Electric

Instantaneous Water Healing - 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 Sofar Heating

Hydronic Distribution of Cooling and Heating (small comm.)

Door Replacement

Green Roofs {plants)

Window Replacement

Photovaltaic

Windmills

Fuel Cells

Solar Greenhouses and Sunspaces

Exhibit DSM-1
Page 2 of 2

Exhibit DSM-1
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EXHIBIT DSM-2

Page 1 of 2
DSM Screening Process for 2008 IRP
Qualitative Screening Criteria
Criteria Description Weighting
Customer Acceptance The degree to which an acceptable 25%

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., enhanced
worker productivity or improvements in
the quality of a product or service.
Technical Reliability The degree to which the technology is 15%
commercially available and the
necessary data are available to evaluate
this measure.

Cost Effectiveness of The cost of this measure to reduce a kwh 25%
Energy Conservation relative to the cost of generation in

$/kwh.
Cost Effectiveness of The cost of this measure to reduce a kw 35%

Peak Demand Reduction | relative to the cost of generation in $/kw.

Each DSM measure will be given a grade for each criterion based on a zero to four scale
with four being an excellent rating. The weighted averages of the ratings will be
calculated. Measures that are below the selected cutoff will be eliminated from further
evaluation except when they might complement other measures 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 construction program in which the
cost of the windows is partially offset by lower costs of HVAC equipment. The selected
cutoff will be determined from any obvious breakpoints between the sorted weighted
average scores of the measures.

Quantitative Screening Criteria

The quantitative screening analysis will be performed in DSM Portfolio Pro and will
consist of the following phases.

Phase I:

Phase | will not include the cost to administer the program and will include only
one participant per company. All programs that pass the Participant Test and Total
Resource Cost Test (TRC) will be analyzed in Phase I1.



EXHIBIT DSM-2
Page 20f 2

Phase II:

Each program passing Phase | 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 the Phase 11 analysis with primary emphasis placed
upon the Participants Test and the TRC.

Each of the DSM programs that pass Phase I of the quantitative screening may be
aggregated to create a larger program. The aggregate program(s) wili then compete with
supply-side options in the integrated planning model.



Exhibit DSM-3
Page 1of 2

Preliminary DSM Screening Sorted

Cost Cost
Effectiven | Effectiven
ess of ess of
Customer Energy Peak
Acceptanc] Technical jConservat| Demand | Weighted | Market
e Reliability ion Reduction| Average | Segment
25% 15% 25% 35%
High Efficiency Heat Pump {replacing resistive heat) 4 4 3.75 2 3.24 R
 High Efficiency Heat Pump {replacing resistive heat) 4 4 3.75 2 3.24 C
Window Shading and Films 3 4 3 3 315 C
Insulation 3.6 4 3 2.4 3.09 R
Window Shading and Films 3.2 3.5 3 2.8 3.06 R
Duct Evaluation & Sealing 3.4 3.4 3 2.5 2.99 R
Duct Evaluation & Sealing 3.4 3.4 3 2.5 2.99 C
Remaval of 2nd Refrigerator 2.4 4 3.4 2.4 2.89 R
 High Efficiency Outdoor l.ighting 4 4 3.75 1 2.89 R
High Efficiency Heat Pump {replace existing unit) 3.8 4 2.5 2 2.88 R
High Efficiency Air Conditioning (replace existing) 3.8 4 2.25 2 2.81 R
Energy Star Cedification for Existing Homes 3.8 3.6 2.4 2.2 2.81 R
Refrigerator Replacement Incentive 4 4 2 2 2.80 R
High Efficiency Molors 3 4 3 2 2.80 c
Heat Pump Water Heaters - Restauranis & Laundrys 3 4 3 2 2.80 C
Refrigeration Case Covers 2 4 4 2 2.80 Cc
Room Air Conditioner Replacement 3.6 4 2.25 2 2.76 R
Electric Thermal Storage - Cooling (special rate) 2 3 3 3 2.75 C
Water Heater Replacement {elect. to gas) 2.8 4 2.8 2 2,70 R
High Efficiency Heat Pump {replacing gas heat} 3.2 4 2.25 2 2.66 R
Geothermal Heat Pump (new construction) 3 4 2.3 2.1 2.66 C
Responsive Pricing/Smarl Metering/Energy Use Display 3 3 3 2 2.65 R
Energy Management System 3 3 3 2 2.65 C
Refrigeration Optimization 3 3 - 3 2 2.65 C
Geothermal Heat Pump 3 4 2.3 2 2.63 R
High Efficiency Heat Purmp {replace existing unit) 2.5 4 2.5 2 2.55 C
| High Efficiency Air Conditioning {repiace exisling} 2.5 4 2.5 2 2.55 C
Building Commissioning 3 2 3 2 2.50 C
Energy Star or Equivalent For Existing Mulli Family Homes 2.6 3.4 2.3 2 2.44 R
Dual Fuel Heating System 2.8 4 2 1.8 2.43 R
Attic Venlitation 3.5 3.5 2 1.5 243 R
Occupancy Sensors 2.5 2.6 2.8 2 242 R
Ceiling Fans 3.5 4 2 1.25 241 R
instantaneous Water Heating - Gas 3 3 2.3 1.75 2.39 R
Electric Thermal Storage - Cooling [special rate) 1 2 3 3 2.35 R
Strategic tree-planting 3 2 2.4 2 2.35 R
Window Replacement 3.4 3.4 1.6 1.6 2.32 R
Removal of 2nd Freezer 2 4 2 2.30 R
Replace Electric With Gas Clothes Drier Purchase Incentive 2.6 4 2 1.5 2.28 R
Dehumidifier 3.5 3.75 15 1.25 2.25 R
Passive Solar Healing (new construction) 2.8 3 3 1 2.25 R
Solar Water Heating 24 3.2 2.5 1.5 2.23 R
Alr-lo-Alr Heat Exchangers {new construction) 2 3.25 2.5 1.75 2.23 R
Energy Star Clothes Washer Replacement Incentive 3.2 3.8 2 1 2.22 R




Exhibit DEM-3

Page 2 of 2

Preliminary DSM Screening Sorted

Cost Cost
Effectiven| Effectiven
ess of ess of
Customer Energy Peak
Acceptanc] Technical | Conservat| Demand | Weighted | Market
e ReliabHity ion Reduction] Average | Segment
25% 15% 25% 35%
Freezer Replacement Incentive 3 4 2 1 2.20 R
Woater Heater Replacement (eleci. 1o elect.) 4 4 1 1 2.20 R
High Efficiency Cooking 3 4 2 1 2.20 C
Gas Air Conditioning 1.6 3 1 3 2.15 R
Clean CHP/CHRP 2 3 2 2 2.15 C
Desiccant Cooling 2 2 1 3 210 C
Folarized Refrigerant Oxidant Agent 2 1 3 2 2.10 c
Electric Thermal Storage - Heating (special rate) 2 3 3 1 2.05 R
Chilled Water System Oplimization 3 3 2 1 2.05 C
Daylighting 3 3 2 1 2.05 C
Instartaneous Water Heating - Electric 3 3 2 1 2.05 C
instantaneous Water Heating - Gas 3 3 2 1 2.05 C
Strateglc Tree Planting 3 3 2 1 2.05 C
Cool Roofs (coatings, membranes) 2 3 3 1 2.05 C
Daylighting 24 3 A 1.3 2.01 R
Door Replacement 3 3.4 1.5 1 1.99 R
Water Heater Replacement {elect. to elect.} 3 4 1 1 1.85 c
Water Heater Replacement (elect. to gas) 2 4 2 1 1.95 C
Replace Electric With Gas Oven/Range Purchase Incentive 2.8 4 1 1 1.0 R
Hydronic Distribution of Cooling and Heating 1.75 3.25 1.5 15 1.83 R
Solar Water Healing 2 3 2 1 1.80 C
Air-to-Air Heat Exchangers 2 3 2 1 1.80 C
Passive Solar Heating 2 3 2 1 1.80 C
Hydronic Distribution of Cooling and Heating (small comm.) 2 3 2 1 1.80 c
Door Replacement 2 3 2 1 1.80 c
Green Roofs (planis) i 2 2 2 1.75 C
instantaneous Water Heating - Electric 2.2 2.75 1.5 1 1.69 R
Photovoltaic 2 3 1 1 1.55 R
Window Replacement 2 3 1 1 1.55 C
Photovoltaic 2 3 1 1 1.55 Cc
Windmills 2 3 1 1 1.55 C
Fuel Cells 2 2 1 1 1.40 C
Solar Greenhouses and Sunspaces 1.5 2.5 1 1 1.35 R
Solar Greenhouses and Sunspaces 1 3 1 1 1.30 C
Windmills 1 2 1 1 1.15 R
Fuel Cells 1 1.5 1 1 1.08 R




P-INSQ Haiyxg

| SBLES M

L

- 000

- 060

¥ 001

- 0581

- 002

- 06°¢

00’

0se

Buiuaalog aAneEND JO S)NSay

Buney ‘Bay "Bim



G-WS( kaux3

$590014 Burusaldg aaneyuen() | 9seyd JO s1nsay pue suondunssy

8070 £l i 00 P82y 2e0 00'006% {seb o} ‘pata) Jusligoeiday 1a)eal] 18jeM ]

600 gL 0 0026y | (OFL) 00°050'9% TiEay sARsisa) BuDE[dsl) dnd 1EoH ASUSIDIYT ybiH M

L0 St 0 | 00°1L8001 180 00°028' 7% S|4 PUE BUIPBUS MOPUIAA o)

190 L 0 Q00'ZLE9 BE'L 00°000'028 Buiuoissiwoy bulping 2

150 ci 0 00°€5.5 81 00°000'9% duing jeay] [ELUSYI05D Y]

£470 Gl o oo ieipt | (820 00°05L'vE {i551] S6b Buneidal) dung 1ear Aouainys ubiH Y

SL'0 cZ ] 0 L4Z £L'D 00'2/9% UoREJnREL] o

90 al 0 0561 00’0 00°'0%% BUgubI 00pIn0 Aouaiog)d UDIH o

P80 51 ] op'eyt ¥1°0 0L PELS Tyitn Bunsixa soe[dal) duind JesH Aouaidu3 UbIH s

680 1oL Gi i £oE} 560 00°002' LS SauI0H DUISIKT 10} UOHEDIIES] 1815 ADlaug Y]
J80 521 [it4 0 ] L 00°EES [51e1 |EIo80s) bujjoo)) - 8bBIOjG [BLIBY | 213337 o)
59°0 Py'L Gl 0 GlE £E'D 00°00p3 [BUNGXS saejdal) BuiLoNpuoy Ay Adusidus YbiH H
Z6°0 ¥9°1 5l 0 0Lz L0 0G'£/0% {Bunsixe oBdes) bultoppuoy iy Aouadi3 UbiH o}
S0°L Lo L SL 0 0.6 9'0 00°004% JILn Buisie adejdal) dilng Jead Aduaoiys Ybid o
85'% 61} Gi 0 1SVET 904 00'9¥D'2ES Tuononisucd mau) diind 1Eap [BLUiaY089) e}
Lee ag'L g1 0 LOBLE 9¥°0 00'28Y'6% li6a0 SAnsisa) bLioedal) dwnd 18aj Aouaidlg UbiH o)
LEZ 95t gl 0 59 +0'0 05°LES aAussU| JusLiBoe|day tojerablyay o
502 z9'L gl 0 00vY 1072 00°00.'2% LiB1SAS JusabeUE) ADIBUT o)
L) L Gl ] £oLl #'0 00°004% Huyess 3 UolEnieAd 1ang ]
96’2 gl 5t 0 L6682 €84 00'GGE'8% uoheziidg uoneisbley 3
BOE 51 5i ) 0 r9s 95'9 00'00E'GLE SKipunen g SjUBIng|say - S1812aH Jajep dind 188H D
80t 16} 5L 0 iy 190 00°057$ §LLfIJ pue BUIPELS MOPUIAA Y]
L9'E e ¥ [0 DO0s e 00°899% SIBA0T) 95BD) LolesableY 3
Apuyul 52 oL 0 OLEL 610 00°0% I0JEIShUaY PUE JO [BAOLIY o
i Zre gl 0 0042 6'E 00" LS siojopy Aousioy ybiH 3
8%'S Z9't Si 0 86EE 110 00°805% Buijeag g uoienieag 1ang )
G7'e 06 ol 0 261 9t0 00°0v% JUSWIBIE|day] JaUoHIpU0D) Jy WO0Y o
Ayl 1 269 gl 0 0DLE 12y 00°0% eidsiq 557 Ablaug/butisleyl pelis/budiig ansuodsay] N

1ssl  psal AUmAjIseL NRbp 188l NG | eunay [Siepy | UoNINpaY  uoldnpIY 1500 uondussag weibold| ssed
B12100G wedonped | oyl |(smsesnlaald % BAM My Nead SBUWOISND
[enuuy
wediniied Bd




51 Jo| abed
G- NSO NQXT

suEsEg

51507 weesfoud of ) BlENsSsy

aoiAap 18d 0% 18 $90A8D BAREINWIND %04
854 UCHENSILELPY AYIUOW 000°0LS

§ "IS12M 101 SIS UM JSWoISTO 1ad O5p8
yiuow sad 9ooLs

{y:0my8u aasusixs) 1284 Jod 000'08%

h 1 158 OFS 'SIEBA £ISL juedimed 18d gg

uopdumssy

05 UDNB|IRISLE SOIABR j0 150D
00% 301ABP JU 150D
{or.6) abiesn YaAM IBNULE [EISAD L) UONINPSY

welfoud (011100 pEO) UG 13801 8SI9APE ON

wsa ubincuy papun) aie sa0laap Apjdsip pug |BHU0D Aflaus

505 IBIEBL JBIEM DLAZS(S LM SIBLUOISND MM
%0E 1BIBAY BIEM JUIDBIB UM SISWOISND 3907

{1e84A 10 siswolsnd 00'0L) Buoud snsuodsas S2HNNR 0f 108}8 SIBOISNS 10 %01
{5IBLL0ISND [ERUSMIEa %4,GR) SIHEW (00'00L JO [B10} B 10} JESA LI2S Pa[|R]SU SIjaW [2USPisa; 008'G0L
Aiojua) 8214285 1noySnoIY; jQissod a1aym pa|iRISy PUB PISE] BIE) 8JE SPIED UOBDIUIMLLIOD PUR SIB19W

:suojdwinssy

000'04 009'09 00008 00o'DP gOO0'0E 00D'0Z OBO'OL SIBIGISND SARRINLLND
008'Lt 008’ 005’z 006'Z 005°Z 00s'g 0052 00s'2 Y [BIU8D/ESH SED N
005’21 008’2 D0S'Z 00S'Z 0057 008'Z 0058z DOS'2 jeaH JsiEp Sui09ig pue dWwing 18aH N
004’52 00g’e 00e'e ooe'e poe'e ooe'e poe's 00E'E oV [BUaD/RaH SED IFD
006t 1 0oLt G041 004" 002l 0oLl gos'l ool 1281 sal2p U983 Due dilng 1eer 3797
000'0L Goe'ol 0ao'oL 000'0L Do0'0 f00'cL poo'oL 0000t SIBWOISNT) [BICS,
PLICIS'SS PZO'SEC0L PPE'009'C BLE'GLL'S SOS'CZE'. ZBE'0RS'9 1Z/T6L'D QL LEV'S 51500 welhold |go)
VOOGEO'E  LEG 260 60pEEs  LBE¥iS  Ope@ls  9BD/SP  1EL'GOV  OpL'SEE usheneay)
GRP'GEL'Bl ZERBELY LBOIGT OBZIVE'C 66O'9PS'ZT OZL'TLS'L 00DWEZ'T 000’009 81500 Bunesad(y ButoBug wesBorg
¥11'268 8EL'GEL 06¥'ZEL  ZBR'6ZL  SPE'/ZY  SYR'EL  O0v'EZE  000'0ZH UDHEJISRALLDY - SEIAIBS BPISIND
0ZbPI0'BE €07'LSZ'Y  GOG'ZGL'y 1BL'OS0'y 090°'000'y OLS'[ZE'E 005'0SE'E DOO'SLLE  S8aMeQ Apjdaig) g 10U0D [RISH|/ASBYING - S3IMIES BPISINO
112'68 FIGEL BVZEL 685°Z1 YEL'ZL 88b'CH 1 TAA 0o0'zL sasuadny g sayddng sou0
PLLLLE §08'95 voz'ss  CELPE D90'ES 0Z0'2Zs 000'lS  0D00S Buissaaoid Bieq
£/9°/19'7 SOPOSy  ZE9'\by  EL6'EEY  EBY'PZyY OZL'ZIE GOO'S0E  OOC'DLE Bussiaapy
BTV POl 122952 YYZ'6bZ  PRGLPZ  OEE'VEZ  PEOYREZ  DGH'LZZ  00Q'SLE 1oget weaboug [BloL
080'86Y €19'24 £5E'GL BG1'EL 120V £56'9%  0GA'GZ  O0D'SY ieousyn wesbold
B69E'GFL'L  8OLBLL 168°C/L SZ8'BYL  G0GE9E  GEL'6GL  00S'PSL  O0DBSL wawabeuep weiboly

[T FAEL-TN g Jesk EREETY $IEBA [ -7 T AEDL L Jeaip

Aepdsyg o5 ABreuz/Buuelay Hewg/Buld ansuodsay



gl jog abed
S-WS G Huxa

GP% BWNSSY
Dy Jad Ops

51500 Wesboid o BLWUNSSY

yun sad 053

[dnjas seB A I1S| (O0'0LS) BB UONBASWIWRY ARJIUOW 00033
{Buyse) S0 sepneuy) pedioiped GzZ§

ysuous Jad ggs

{dnyas sepw: 000SS) 1284 Jad 0GZLS

{sasyonoug no0gs) wedioed Jed 028

Uendunssy

6L
L6
00°0rs
060 000’k 000't 000's 00Dt 0o0'E 084 205
5§1°00% 268'91 195°94 9EZ'gl BLE'GE 009’ Sip'LE 00g'ZL
€95'991 yaLee €09'.2 Lan'se DEG'SZ 0Ly'sz 52181 0BSZ1
LiL'2oeg 9y0'SY £oL'vP L6T'EF Y'Y 9Lty 009°0E 0o0'0g
958207 L [08°L0Z  /6L'6L  GEU'Z6L 10£'98L  L10'v81  SSY'eGL  ZEV'SEL
FyS'ER Fro'sE 80414 LIEYL y80'pi (117041 062"} ZEE'DE
VOB'EEE 808’85 $02'SS ZZL'vs 030'ES 0zo'es 05Z'8¢ 000'sT
112’66 pEGEL BYZEL 686'2L veEL'EL SBY'ZL OvETL 000'eZ
286'39L (2114 209°LZ 1gu'Le 08592 0iD'9eg SZL'6L a0e'zl
[3:144 9.9 299 B8 1£9 ves [45:] 009
E6C Yl [0F'1 oHE"L ESE'L e’ LoE'l v 052’9
985'8E} £2C'EE Zeo'2E 6¥9'1E FLE'LZ 808'02 0OE'SE DeO'sL
Al e Y 084'93 LLE'ZD 95¢'09 vEL'BS £Z0'45 £OE'GS 0GL'EG
G1G92l £O7'6k 2ER'gE 06284 JLJ A opelt 8E4'91 05zZ'ot
zye'iee LLLvy V'Y 102y LIB'DY ¥8L6E SZ9'8E 005748
[ T iesx EREETA FECETN FELEIN SECETN FELEEFN [EEFY

jueweaedsal jo jeoid S8 pun pjo Jo sasodsip Avedwon
ssapiebe: Sunegda: 81 swIsSNg

HIJ vy MeN

H33 wua po

1500 jejuBWBIOU|

:suopdwinssy

paoeway §,0/7 Wooy 210t

1507 JBWIBISND 18N
sajegsy
515073 JALIDISNT

sajeqey Duipnioxg siso) wehicid [B1o)
UOlBRIBATS

|esadsig 2y PIO - 583135 8pPISING
UCHENSIIRLPY - SB3AIRT BPISING
Buissancsd 81eaaY - S83IMBS BPISIND
sasusdxg gy sayddng a0

HLessa00ld Bren

Buisiaapy

soqe weshosd 18101
lesuay weiboig
wswabeuey weibold

anuasy| Juawadeiday DY ooy



5t Jo ¢ sbeg
9-WSG

(G L SLUNSSY
funeag g Bunsay Jog use3 BOSS

51507 Wwesboud o alNSSY

wiom [euonsppe Buipaau jou uonenieas Jad pOZg

{dnjas Jeaa 15| OGO'0LS) 994 UOHENSIUIUDY AIIUCKH 0B0LS
{Bunsa) N sepnpu) uedoed §2g

yiuow Jad 0sg

{dmas e go0g$) 1ead Jad 05Z1S

{ss1ayon0:q gocss) wedosed Jad prg

to_umgﬁwwd.

GLE €9 £9 £9 €9 £9 g€ *14
SiE €9 £9 £9 £9 €9 8E ge
/8% 18 18 18 8:] 18 514 £e
£92 144 144 144 ¥y 44 gz 2L
0594 Si¢ Sl Gle Sic SlE 59l Bl
aps't HETA asz 0se 05¢ 0se oSl 0ot
oSt =14 §¢ 14 14 T4 G Gl
Z51'648 Z6.'00t 51888 8/8'96 8l6'v5 gL1'cé PLLYS 008'sE
986'0vZ LEZ'EY eov'Ly LBS 0¥ 66 BE SLO'6E 055'22 000'GE
8el'94g gEU'Eyy  BIZOPE  GOYACL  BLLPEL LEVEZEL $EZLLL 008’08
ZZL'EVL 6ZL'GLL Biz'zli  ERE'S0L  Zga'sol  PEA'EO0L  0E5'06 SOE Y01
SiEY9 SEC0L 05800t L18'6 6156 ZGE'S A i
iei'ee LEQ'S pes's gir's 9DE’S 2oe's 090'e 00C'Z
L1266 PLEEL 6Y2EL BR6'CI PELEL SBY'TL ovz'el 000'Ze
oL 0y 5ED'L L0689 £al's £E5'9 £05'9 SZ8'E 00582
Lay'y 949 c59 6¥9 189 29 Zig 008
B Pl a0yl 0BE't £5E°L L1284 LOE't G2} 052’
68962 88ETE SpLZL 205" HE £29'1) LAy ZEL'D 00¥'6
58ty 08:'p9 LLE'Z9 96¢'09 PEL'8S £20'28 £0E'GS DSZ'ES
A EOV'EL BEG'BL 082’8l 5L vl ge4al 05Z'91
(A A A LiL'yy ELFEY 1022y 116°0Y $9.°6E GZo'ee 00g’2€
[N FEEN FELCEIN SIBE yIES] g IED 4 FACETY [WLETN

suedioeg BugRag Dyim SED N
spedinued Buless 48 N

sjuedioiieg Buieas D SED 3997
spediopey Buless dH 3991

sjuedngied ©jo)
sjuedimiued Bujees 9 UoBENEAD
spednned AUD UONEN|BAT

1507 JaWoISND 18N
soleqey
51500 JAaW0ISND

sajeqay Buproxg sisos wesbold 20
uogeneay

Aug Bugsey - seaineg apIsing
UONBJISIIHLRY ~ S8OAIAS BDISIND
Bulssa00.4 ajEgay - $90IUBS BPISIND
sasuadxg g soyddng 8240

Benssaoog B1E0]

Suisilanpy

Joget welboss eley
teoua| weiboig
sswabeuep weibold

fuleas 10N BIOBWWGD



g} jo v abed
G- NS G NI

00Z$ BWNssy
D451 0} 0588 “JE0 10§ LS

21500 welbold g,/ swnssy

{dmas 1834 15| 000’01 §) #@d LUOKENSIIURY ALUOW DODLS
(Bunssl 50 sapnpuy) uedoimed 573

yjeow Jad pgg

(dmas jenu 9o053) Jead 1ad ogzLg

(sammyonoiq poss) suedinued 1ad Ors

Ugpdmmssy

000 09l 094 091 031 09l ocl 0g
0ey 04 0 0L 0L 24 s U
0.8 o8 08 06 0§ 08 173 0s
£63°Spy £89'gs £8L'p4 62224 EQE'LY »06'62 2GE'08 056'1¢
LEL'ELE le0'ag LEE'SE 8E9'PE 656'CE E6Z'EE 08Y've 000'9:
OEY'659 POLSEE PLGE0L 99ET/0L L9Z'S0L ZBL'EDL LER'ML 055" Lt
eps'iog LLY'O0L  ¥BLLE (A4 BG/Z6 LYE06 0BS'$8 glyoct
As T A 125’8 6048 16v'8 0sz'g 980’8 Sel's 819’
LLE'BB PLEEL 8YZ'EL 68621 PELZL SEY'ZL hjaral 0oo'ez
iL'ee G05'y SLy'y GEE'Y Sye'y At 4 090°€ 0o’z
LOY'y 949 299 6v9 £LE9 2o A%} 008
EBT'VI BOV'L 08E’L £5E°¢ sy LOE'} STt 0Sz2'g
FR70A 4 L0Z'4 980°4 826'0 2649 859'9 968"y ooz's
581y 0BL'v9 LIE'ZG 96¢'09 vEL'8S £20'48 £9E'sS 054'E8
SiS'pzL E0¥'6L gER'8t oBe'8L FATas ove'LE ges'at 05e'gt
Z’PEE‘_LEE Lil'ey ELV'EY L0T'eY LiB'oY ¥84'6E 625'8E 005°2€
51 Tiesj gaesj FEEET yaea, gaeag FECETR [WETN

sjuediogied 101
SI010W D431
Sioel 400

15023 JBLioISND JoN
SBlEqaY
1507y JaWOISN:y

sajeqsy Bupnioxy 51500 weidold {8500
ugfnen|eag

UOHBJISILIUDY - SBOIABS BDISIND
Buissanoiy siegay - S8vIRS PISIND
sasuadyy 9 soycddng s00

Buisssaold eeg

Suisipianpy’

loge welbold (e1og
1e2ualn weibolg
wawabeuryy webiold

siojoy Aouaoyg ybiy



Gl Jo g sbeg
9- NS UGIXT

JoeiaBuyal :ad gpg

51800 weibosd 95 awnNssy

Jojezabiyel jed g1s

(cmes 188 15 Q00'CLS) 393 UOHBNSIILUDY ARBUOW 0OOLS
soiesabuyal rad 0DZS

Yiwows 2ad 05%

(dnies jepin 0oDSS) 1894 Jad OSELS

{sasayonolq pO0SS) jedioued Jad 023

UORGnesy

008'ZE 0a0's 000'S £a0's 000's 0oo's 000's GOS'Z
{ons zes’L) (0D0'SLL) {ooo'ss) (0po'szy) (ooo'st) tooo'szi) {ooo'szi) (oog'ze)
O0GZEL'L OD0GZL 000GZL GDOGLH 000'GZL  000'SZL  000'GLL 00548
o a 0 a 0 h ] 0
0S2'GOR'E  PE/'BO8  SOE'JSC  GGZ'GES  SOV'E/S  GORL9S  6PP0SS  ZEZSZE
Joe'cze BECEe | B250G | LEL6y L9658y  cOZ'BY  BS5¥IY¥  CELAT
120'025  Zov'vs  O08'ZR 2eL'i8  LBG'S.  0e0'8.  00§'9L  DOG'LE
£12'66 7iG'EL  G6F2'CL  G8G'ZE  PELTL  Gsey'Zl obETE 0O0'ZZ
LIG'EE.'t  LPGIBZ  020'0JT 80907 Z08'SST  0DL'0SZ  O0O0'GST  0OO'SZL
KT 8.9 Za9 5Y9 I£9 ¥29 A1) 009
£62'Y1 80V'L 6eg'l £GE'} Frasgt Log't s4Z'L 0s2's
qzy'BES  OLO'ZiL  SOFOLL  £PZ'E0L LZE'90L  O¥O'POL DDO'ZOL  000'SS
JCE'LLY OBL'PO  ILE'ZO  95P'09  PEL'BS  EZ0'G  EOE'GS  DGA'ES
CIGTZl  corel  gegwh  0BcBL  Z8.4L  aovell  8TL9L 0sZ'Ob
PpE0Z LLAPP BIVER  J0TEP LI6'0F  VRLBE  GZOEE 00S'IE
8]0}, I dEDA CRLEEIN CRETY $IERA [ELEFY FAECEFN 1 4B

pasowey sioesabiyay elo}

1500 Jawoisng 18N
salegay
51507 JBWBISNT

sajegay Bupnpxg sison we:boig o)
Loneneay

BuIssan0ly SAUBIL - SEIABS BPISING
LNYBLSILIDY - S80IAL8S BPISING
esodsi(/|eaoway Jojesabuey - seaueg apisingG
sasuadxy § salddng soo

Buissanniyg RIEQ

BrIsEApy

iote” welfold BioL
|gausy wesbold
wawabeuepy we:bolg

JojeiaBuyey pug sacuwioy



g} jo g sbeg
o-WSa HAUXZ

{199} seauy 0Z) 8icis Jad QOLS BuNSSY
{198 Jeauy (2) B1o1s Jod 898S

sjson we:boig o)) SUINSSY

{dnas Jea ) 15t 000'01S) @94 uonesSILURY ARBUOKN 000LS
{Bunsa) DD sapniul} juedpnied 525

yyuow Jad 058

{dnies |gnim 00osS) eoA Jad DEZLE

{sausysnolq pOoGs) uedioued sed aFs

AT OMnESY

8595

Ot'EES

114
] 05t 054 0s1 0st 0st Gzt GL
8vE'esa'n  EZS'LLL'L BZLBR0Y 19E'900°L ZLbApQ't G/9°'970°t 0S6'6E8  GOGE6Y
Por'IGH 2689l L95'gl 8EZ'9t 8E5'GL 809Gl 0GLZH 005"2
ZLg'2L0'8  SLY'BZL) 8ST'CDLL I6S'PRD’L OEE'E90'l IB8YZP0’L Q0LLSE ooo' 105
LEG'6PT £62°86 ZLL'CE L0Z'ES 464'06 0BE'8H yLL'¥B ELV'66
LG1'B¥ 95", Spe'2 651°L B/6'9 £08'9 IEED 265'0
L1266 PLEEL GYZ'EL 68621 ¥ELZL SBY'ZL oYzl oooee
38£'5e £ZT'Y oyL'y 650°F 086't 206’ 88t 528°L
19¢'y 948 288 6¥s Fas:} vZe Zi9 009
£6Z°71 a0v't 08e’ ESE'S LEE'L LOE'L GLZ'L 0sZ'9
9855y 151'9 yz9'9 S6T'9 198'9 Zre'a 0oi's ooo'g
LSB'LLY CBL'YS LLE'ZD 96+'08 PEL'BS £20'45 £9E'65 05L'ES
515'v2l EOY'6)L BEB'GL 0828t 1824 iz 8EL°81 052'91
Zpe’ 82 L't ELY'ED FairAaay 1160k pal'6t 529'8¢ 00548

ey T I8} EREE)Y GIEL A TN FELES [EEETN

21015 184 1500 [BI01
1004 JEALI 18- 150D

2I0iG 84 1984 Jeaun
sUBRAWNSSY

5a10]S IBJ04

15073 JIBWIDISNT) 18N
salegay
$1807) J2WoISND

saqay Supnpxy siso wesboid 20
uolenieas

UDEASILILEDY - SBIMISS SPISIRD
8118580014 81EQaY - SIIAISG BPISIRD
sasuadxy g s9iddng 820

fiusssadnss gieg

Bussiaapy

Joge welbosd (210
jeousn weibolg
pmuabeuep weiborg

£10AD7) asen uolErabiey



sl 30 4 8fieg
SIS Bqixs

j00; asenbs sad |§
100) auenbs sad £9

535023 wesbosd o,y gumssy

(dnes se8 ) 1SL 000'GLS) 503 UOHEASIIUDY ARIILCH 00DIS
(Bugsal o sapnzau) uedofied GZg

yluow a2 568§

{dnmias |21 00SS) 2ok 1ad 0621

{saiayonolg gaos sy wedioued Jad 2%

T ]

795t (0204 (6114 age (1°14 052 281 521
£851 1214 052 a5z 0se 05z a8l TAS
2802 0ge 0EE oee oge 0ee LVE Sol
£201 0Ll all Q4L oLt 1733 8zt 58
Q05"LE6 Q0005 000'c5E 000'0%E  DRD'OSL  DDD'OS)L  DOS'ZE) Dop'Se
g1 054 o5 05t 0sl (Vi3 0slt 051
05e'9 000t 00G't Qo0's 000' Q00's 1273 005
SOA'C00T  SPRJEE  PIT'LEE QE'PEE  EZBE'BIE  DZI'ZLE  DPSBEE v eRey
€69'100't 26’99l  219°6OL $9£'29L  IBl'8GF  080'8SL  0SL'vlE 00064
BI9'S00t E£L2'905  BEBUEY PE0IBY  PSLLV OBLSIY  0SZ'PYE 000°'522
000'¥36 ZLPLGE  6Bi'ibl 48Z'ppL  ZIBOFL  ESPAEL  LEE6EL L80'E2L
airg'gzt 256'02 e0s0Z 550'0Z SZ9'6% Z0Z'8t Z0E’SE i56'¢
112'66 pis'th BYC'EL 6867C1 YEL'ZE SRy OVE'ZL 000'ZE
28699t yS1'8e Z09'LT £90'12 0gg'oe ake'sz GZL'5L 0052k
=1 9.9 285 599 L9 ves 319 008
6LV aoe'l 0Be't £5E'1 LZe"t (K1) 54274 0529
985'8¢ ) £25'22 280'22 5p9'iT YZz'LE 808'02 GOE'GE 00G'51
L58'1 1Y 08179 L1E'28 96¥'03 yEL'ES £20°LE EGE'SS 054'ES
SLS'bEL ECP'SL SEE8E OBC'81 FATA vzl geL’alL 0829t
Zi?E'_{?__Z Lil'yy ELY'E L0ETY LiG'0Y peL'BE §29'8C 005'2E
wel £ R84 g dea) Gieap FEEETN PEEETR Z 483 b AEBA

oY JENUBD YliM 128H S8D AM
duing eay Nl

DV EUSD YIIM iBEH SBED 8D
dwnd jeaH 3391

paj|2lsy abejood alenbg (2j0)
1uoIsNg iad sbeico, sienbg abeiaay
Bunedipeg S1sWoisny [B1oE

1507) J8woleny) 18N
soIRGaY
§]S07 JALWCISND

sajeqey Bupnnxg siseD weiboid (BloL
L0nEAIBAT

UOHBNSIIRLPY - S8JIAMES apSIND
Busssanniy sjeqay - S803IM8S amsing
sasuadxy ¥ ssiddng aoui0

Buisssaold eleg

Buisipaapy

1oge weboid 19501
|eauag weiboly
jususabeueps weibold

|ERUapISay - SUilld MOPUIM



5y jo g abeg
oINS HEIXS

005’ LS swnssy
runad ODE'SLS

51500 Weiboud o7 SWNSSY

{drmias Jeo A 1SL 000°01S) 98] LOHEASILILLDY AL 0001 S
{Bupse) 0D sepnpul) juedized 2%

yuow sad pgs

(dmas eary 000GE) 1eah 0 NSZLS

{sarayonoug AODGS) wedionzed sad Oy

UGTIOIRLSEY

DOE'GLS 150D EIeL
009'¥is Isleay @ep duing 1B8H HdD D24
a0e'Ls 0598 @ sy uoleB 0Z) - Z
008 Gl G4 GL 51 7] 6L 0§
COP'EPE.  BISGOL'E F2LTZVL'L JLEOZL': 0SE'R60'L $lE'9s0°t DOL'SS0'L 000088
ICe'85L €899zl G0z vel  PillZb  9BEGLL  SPGALL OSAPLL O0D'SL
Ove'sbl'®  LIZ'ZEZ'L E£E6'952'1 LBO'ZYPE'L SELALTL GSE'ESL'L DEY'OLLL Q00°GSL
0ZZ'699  G0L00:  ©OV'/6 ZPE'VE  GOP'E6 ESO'DE 0418 09¥'Z034
18256 1E8'YL $0S'H1 8LVl 6GR'EL BrS'EL CPZ EL 0lgtl
L4266 Fi5°cl BYZ'EL B6'ZL pEL'EL car'zL ovZ'zL 000'2Z
YiE'EL FAN A 8I0'T GED'Z a66°l 185°1 £L8'L Tl
Loty 9.9 200 £ 289 ¥z9 r43:] 009
£6Z'Y1 20¢'1 08e’1 £6¢') 28l LOE'L CiZ'L 052'9
£0£'9Z 8/8°¢ FA%:8 172'e P8l LZLE 080'e 000'2
JSE'LLY  0BL'Y9 LIE'ZS  O6P'09  PEL'BS £20'45 £OE'GS D52'€5
GLGYEL £0¥'6 Bes'el 062'81 A 0¥z 4L BEL G 06zZ'ol
Zye'ine PP EBLFEP L0Z'TF L6'0v PRIGE SZO'EE 008'28
{£j01 FEETETR gdeap G Iea) FELUERY EEEFN L JEOA } 1BBA

NOH KBSy SUCHED G0Z
afiz:0lg SUOIED 0FZ
SBLPUNET § SIUSINE)SSY
isuopduwinssy

SN gL

1500 JBWOISAT) 18N
s&1RgaY
S50 JALOISNT

sejeqay Buipnioxg siso) weiboly ie1o)]
UANIBNEAZ

UONBRSILILPY - S821A85 8RISING
Buissaond 81egay - $80iAeg apIsing
sasi:adxy g ssddng asgj0

Buissanoid e1eg

Blasmanpy

J0qe7 wesbarg 210
esus|) weboig
awebauep welBouy

1ajeal Jejepn ding Jesy



Gl Jo 6 abiey
S-S G 1gxa

000" +$ BUINSSY
pun 1ad gge'gy

siso0 wesfiosd ¢,/ awnssy

(dmas Jeay 151 000'0LS) 234 UANBNSILWPY AlLEUOK 000LS
{Buiysa) oD apniou) wedioned 6z

yiow jad pgs

{dmas {eniu; gpogs) seeh Jed pezLs

(sarsuonog A00ss} wedionied sad gps

Uonguinssy

55E'8 §

Q08 58 a8 &8 c8 574 0% GE
EBA'OVE'E  GYO'P0Z  YPZ'069  0l/'849  LPP'ESS  LIB'RJC  GOL'SIE  GZPLGE
0Lg'sEs ¥zi'se LYBES £00°28 £02°C8 ceo'eL a00°Ls ooo'se
E6G'9LY'y  ELI66L  LBO'YBL  OLL'894 EVOESL  LPB'IEQ  SOL'9EP  GEv'26T
ZEN'Zy9 9z4'86 igl'os HLOEE 09118 22848 14p'i8 819'88
28g'4L V2Ll BEY'T) EFLZ1 S98° L1 L1801 5998 Iig
Lg'es PLEEL ape'ct B86°CH PELTL 8721 GYe'TL 000°ze
S6E'EL £6E'Z 99E'e 00E'Z TS LSE'L 5221 Gig
Lov'y 949 289 6¥8 LEY bAY] zZlg 005
EBZ ¥ 80" 08g's £8E°L g LoE"L Al 0se2's
ZEY'9L GTATR ¥SL'E 089°¢ 809'c tet'e av0'e aar'g
A58y 08l'¥g L1E'29 961'09 yE485 £28'g £gL'ss 0S4'ES
516yt EOV'6L feg'el 06z°g) I821°0) orzisy BEL'GL 05Z'9l
epe'i8e LiL'vy ELVEY LOZ'ZY LLB'0F ¥84'56 S29'8E 005'4E

1] LAga g IETL EFEEETY AT £ d8ah FAELESY [N Y

0gg iad 1500 abemway
suondunssy

SHUM (0L

1500 Jawoisnsy 18N
sajegay
SISAN BWUOISNT

safeqey Suipnox:s sison weibosg @0l
unieneAs

UORESIURUPY - S8HAIBS pISING
Buissasoly 81egay - SE5IAISS BpISING
sasuadxy p sayddng a00

Buissaacig 2184

Buisniaapy

Joge] weibord |e1o)
{eauayn wesboly
wawabevey Wweiboly

uvopeziugidoy tojerabisay



Gt jo ol afey
9-WSQ X3

05ES BUINSSY
Buneag g Bunss | Jod YOBES 094G

51500 wesbosd o4 awnssy

yjom [guonippe Buipsau jou uogenieas tad 00gg

(dmes 1Ba 4 ISL 000°01$) 824 UOHEUSIURURY AUOW 00018
(Bunsa) OO sepniaw} wednued 523

Uiuowl 12d 08

{dmas 2wl 0005$) Jead tad 05ZLS

{sasayono.d nOpes) wediniued sad 0zZg

Honguinsey

951 02 0Lz 042 0z 522 o8t 6L

¥asL 042 0z B2 047 44 08t 6/

£E0Z Lgg LGE L5E L5e £62 $EZ [

G601 681 681 88t 681 BS1 9zl 58

056'9 0oz'L o0z’ 0G6Z'} G0z’ | ooo'L 008 0se
G8Z'9 080°1 0803 080'L 080’ 006 74l SiE
569 ozl 0Z1 0z 0zt 004 08 GE
TPE'BYEZ  BROGEZY  EVE'LLY  B6GL'60F  LEL'10FP  QBLIZE Op0'ASZT 0SE'DLL
FPERPEC  BRY'SZY  CPUALY  BSLEOY  JELIOV  98LMZE  0F0'.SZ 0GTDLl
B8RO'OBO'Y B.ELSR  SEUPER  GLE'RLE  £/Z2°Z0B  BSP'SSS 0BCPLS  005°02C
080'GSZ'L  0SL'B0Z  SBE'YDE  £GL'68F  QPZ'SBL  YEX'LLl 8B0U'BYL  BEL'SZL
6E1'SEC  ZES'ly w90y GEE'BE  vLOBE  G/0PE 04592 BEVGL
LOL'6PL  820°ZZ  B6P'9Z  BIE'SZ  G8Y'SE BO9'0OC  02E'8t  00OZ
$12'56 PIEEL  BPZ'EL BEBZL  VELZL  SBYEZL OVZ'EE 000'ZZ
LI8'08F  SBLEE Z2L'SE eLYEE SER'lE 01092 0ov'0Z osL's
Loty g/9 Fatts] 6¥9 LE9 29 Zig i)
el gov't 0RE'} £5E°) 2ze' Log'} §42') o0z’
LWOL'¥St BE0'ZZ 86¥'9C 82652 69v'sz BOB'OZ 0ZE'9L 0O0CL
LG8y 08i'vg LIE'Za  OBP'08  pEZ'RE  EZOMS EOE'GES  DSJ'ES
Gig'pZl  £0P'6T  9ER'BL  0BC 8L IS44t O¥EiL BEL'SL 05291
TYE'LSZ  LiLYY €LYy f0ZEy  LL60v PRLEE GZO'EE 00'LE

[0, ya JEBR FREETY g FLET 4 .2!?8,\ L Iea) Fq JB?’A ], Jea)

sjuediilieg Bujeas fyM SED 1Y
sjedialey Buyess dH 1y

sjurdinpeg Guess ym se 3990
sjuedisiyed buiess dH 3997

Siezediniieg B1G].
syuedomie Suliess ¥ LOGEMNEAS
SJuBdDILR AjUD UCKEMNEAT

1507 JBWOISNY) 18N
saleqey
SS00) FELOISID

sa1eqay Buipnioxg sisan wesboid o).
uoneneAzy

AuQ Buysst - saoines apising
UOHBNSILILPY - SaRIABS 8pISID
Buissanoid sieqgsy - sanlazag apisinG
sasuadxy g sayddag a0

Buissaonud eeq)

Buisipiaapy

Jage ] weibolg 2o
jeauan wesbory
wassbauepy weiboiy

Bunjess jang jeRuapIsey



gl Ja || sbeg
SISO uaux3

05ZS BwNssy
Buipling 1003 suenbs pa0'ol sed D04'zE

sison webod 9/ auwngsy

{dryss 134 1S) 0O0'DLS) B84 UCHEASRILIDY AIYILOW DDDLS
{Bunsa; o sepnpwl) Juednued gpg

yluaw :3d Hgg

(dmias 12w ODOGS) Jeak 180 J6Z1S

{sasayanolg gopss) edionzed Jed gpg

UO_I]EU.EBSSv

00.'2%

208

000'04
000’z DoE oog 0og 00g 0oE one 0og
g6l'GLZ'S  62/°/P8  BAY' LB B85'G6.  BEB'SL.  PBO'PDL  ODL'BPL  000'0GY
LISZES cov'ya 50828 [T V656 0E0'RL 0059 000'05
Q4LL82'S  Z6L'ZL6 GDE'YBS  0DLL'9.B BJG'SGR PZLZPB 00Z'0ZB DOO'OVS
L0426 Z.07LL  89g'Lll  OvD'BOL  SR2'90L  €09'E0L  L18B'0BL  ZpLLLL
oLyt PEO'EL oEL'2t [ A 0oLzl £88°11 FALgn Zys'0l
LI2'B6 yLG'EL BYZ'EL BREZL FEL'TE sey'gL WA 000'ZE
28Z'EC a8 182’8 BgL1'8 656'L £08'2 059'L oca's
Lar'y 9.5 Z59 4% PA5:] ¥29 4L 009
£62'FL 80¢'1 08e’l £5E'L £Z8'L LOE'L 5121 052'9
LLZ206 FLG'EL 852'CH BR6'E: el Sap'EL o G00'Ed
15Q'L LY 081'p9 LLE'2D 86+'08 ¥E£2'85 £20'28 £96'GS 0SL'€S
G15'pZ) EOt'6L REB'AL 0528+ 1527701 ovz'LL AT ETART
Zbe'lee LiLvy Eiyey 022y L1160y ¥8.'6% G29'8E 00g'2E

iE].OJ_ }_ .uza;\ L EEETS g JEE}A FEEETN g 4EBA T HAEDL [N JEBA

1064 21enbg g 1509

abejooy sienbg Buping
isto)dinssy

sjuedoiled 210

1507 JBwolsnn jaN
SR
SIS6N MEugIsnn

sejegey Buipnpoxy s1500 wealfciyg ot
uapeneay

UCHEJSIILLRY ~ SSRIAIAS apiEing
Busssanoig ajegsy - S80IAES apising
sesuadyg g senddng aoyi0

Buissaooly e

Buisiueapy

Joget wesboy o
eouayD weiboly
swabeuBl weibold

wiasAg juswelizuely ABisuy



gt jo gy sbeg
9-WSg NqIUXS

GZS BuInNssy
JojeseBuges 2ad 06 LES

51502 Wesfcid 9, swnssy

(¢mas s2a) 151 0D0'0LE) 884 UONELSILULPY AILUOW 00013
(Bunsay DO sepmsul} wedoed 528

yiuow sad 6%

{dnias jes 000SS) 1204 1od DSELS

{ssuayanoig googs) Jurdioued Jad 073

HoONguwinssy

051E8
gl

052'9 006'% 00o't coo's 0oo't 0004 0ss 00s
SLY'EY 0EE'Z Lit'd 9e0'2 3589 £9.'9 £I6'Y 082'¢
286'29¢ 5182 c09'i2 $90°02 0E5'9Z 0ig'0z 521’64 [ii=F4
IBE'DIE Pit'GE 624V 160'%E 82Y'EE £LL2E 860've 082'G4
986'506 gGCLplL  SZL'9S:  SBLPEL  UPG'LEL  GVE'BEL  JESZlL  €898Lt
991'0L E0L7L ZyaoL 885'01 DYE'O} 860’0t £19'8 785’8
£12'66 rigeL BrZel 686°C1 PEL'CL A WA 0o0'ze
285'99L ¥sL'8e 709842 19042 0£5'92 0L0'82 szl'6l Das'z)
L8y G49 298 690 A%] es ZLs 005
£8P 80¥'L 0ge’l £8e't e LOE'L gi2') 052’9
98588t £Zeee z80'ce 899'Le e’z 20802 00g'st ouo'st
188ty 081"t LEE'ZY a8¢'0g PEL'BS £20'/8 £OE'6g 06L'ES
515'veL E0¥'61 geg'sl 0B2'81 8271 ove' il 8eL'gl 0cz'ol
Zye'L8e LiLVY ELVEY 1022y LiB'0F ¢9.'6E 5Z9'88 005'Z€

fe1el ZIESL EREYN §Ies; PSTET EIEax FACERR [WEEETY

08Ss f3d

SOI0AUE U IEADWS] JO JO0IE SMOYS JBWOISR)
ssapiebas Bueda) s1I8WCISRD

1= ABisuz uou gnsisa ie)g ADJaug

1500 {2IuBLWaIoy|

1934 QN3

suondwinssy

penejday sioiexebuley 12101

1500 JSWOISHT) 13N
selegay
51500 JBLIOIEND)

sojeqay Buipniaxy sysor wesboiy @10)
LaljeneAg

LONEASILILPY - SEMASS SpISING
BuIsS310.d B1egayY - S80IARG SPISIND
sosuadxz] g sayddng sl

Buissant:d BIEQ

Bunsissapy

Joqe} webold 810,
wauan weiboig
awsbeuryy wesbod

sAluany] Juswaseiday Jojesabujay



G JoEl 8Bey
G-WSG HaILxg

0064 Bwnssy
UM J8d ZEP'GH

$1800 welboud ¢,/ swnssy

(dmes sza) 151 000'0LE) 294 VONBASILILDY AlIUOW O0CLS
{Bunsa) oD sepnow) Wedonied gpe

YuoL 1ad o6

{dnyas [ewi 00055} 124 Jad 05ZLE

{s28Ucnosg QE0sS) uedoied jad gpg

uogaawnss v

bA

{uos Jad 0p'E06 1) 150D R

Ofy |raue0 Gullsixa angy ADRANE StawgIsno iy

054 0Z1 0zi ocl oct 0cl 06 09
005 a8 08 08 08 0B 09 C¥
0se 4 t4 4 C¥ Oy ot 0
160'6o6'c  |IZ'6B9  BBO'DSY  veZ'evd  CLO'0EG  4PEZ'BIS  PBS'vSY 02162
2182°00% 0.5'15 LA 995°y3 z.9°E9 yZy'es 005'6¥ 00o'0E
PSE'BOE'Y  (BLDEL  PEE'ZZL 0LL'BDL  GETPEY  LZ9'088 ¥EY¥0BS  OZLIZE
850'958 LEY'66 388°06 ZSE'v6 o8ad'Le Sav'68 L86'c8 cgg'ocL
1gi°60 82601 249°04 LZ¥'olL 22001 BEG'E SBY'8 Sps'g
L2656 vLSEL SYZ'EL BBE'CH vEL'EL sev'et V) A 000°zZ2
2E0°0Z BIE'E ZIe'e e ¥Bi'e LZV'E $62°C DDs'L
LOV'y 949 289 614 LE9 g cla 009
£62'pt BOV'L 0BE'4 £5e'y s LOE™ gle't 052’9
La0'se Bov'S Doe's 951'¢ PED'S ¥BB'Y zig't oor's
L1684y 08L'pg LI£'28 964'09 YEL'BG £20°48 £08°65 DSL'ES
SIS'vEL £0V'61 8Eg'8l 082’8l 8001 ove'Ll geL'gl 052’51
Z?E‘éﬁé 2242y ELV'EY Logey LIB'0Y ¥84'68 Sro'st 005'2€8
2jo1 PR EETN [FECETN RELETY $ iea i € IEBA & deap [ELEEFN

‘suondwinssy

sjueded B0 |
siuedioied Ny
siuedimped 39971

180D JBLWOJENT 13N
SB)RGEY
S1507) BloENY

sajegsy Hupnoxg sison wesfiolg g0,
uoneneag

UONRASIUILIPY - S821A85 SpISING
Bulssa0ld 9jqay) - 5821388 SPISINO
s85uadx3 R Seyddng ao0

Bulssanoid Bieg

Busipaapy

104e" thesfioly 1850,
B33 weibosd
wewsbeluep weibold

duing jeey Aousnma yBiH UM JB3H aAlSisay aoejday



G4 jo 73 afeg
g-WSC 1arx3

GOGES BWNSSY
nun ucy G :ad orn'ZL g

51502 weiBoid 9% snssy

(dmas 28 151 A00°0LS) 884 UDIBLSILWPY ARRRUOW 00048
{Bunsa) 5o sapnioul juedioped gzg

wuow Jad 0o

{dmas lemu 0p0GS) @l Jad 0521%

{saayanosg Q0oss) Juedmined sad opg

UEdWnEsy

60t'ES

SPO'ZLS

1800

EIENIE W]
oge 0s 08 0s 08 0s 0g 0E
Oy JCE'E  410JES  B/6'02C SPU'GIC  S15'90S  E£RG'S6Y  9vy8'08y  (8E'9gZ
SBE'6.8 Q'0re 01O'BEL pOE'GEL 1SR'ZEL DSD'OEL ODSZZL GOO'GL
6v4'9EZ'y  882'8/9 886'P90  6FS6LGS  DIUL'BES  £ED'9ZE  SPE'PIS OBE'LSE
LIZ'859 ZEL'BB SES'D8 £00'v6 8ys'Le G5 68 oz8'08 690°'£03
885001 §69'G4 FrEGL 20061 199t ove'vs 120t 61511
HE'B6 PLE'EL BrZ'EL 6856°C1 LOTAAY GBK'ZL ore'z) 00022
€648 20¥°1 0ge’l £SE'L ite'L LOE"} S22°1 (1273
Lot'y 9.9 299 699 LY ¥e9 ¢ig 0ag
E6Z'pL 8Ot'L 08"} €5E'L 128" LOE'L 842'% 05z’
690°61 2GZ'T 8072 SoL'e zZZL'e 180 Oro'z Qoe's
168'4 L1 0BL'YS LiE'29 96’09 PEL'BS £20'45 £OL'5S BEL'eg
SL5FTL E0P°6L 8eR’sl 06Z'8 450011 0¥z’ LE 8€4'9L 052'9:
Z?E:é_ﬁz LL'py ELVEY L0Z'ey 118°0% ¥8.'6E SZ9'8E 005°.€

52N FRELETN giea) CEEETN yIESL [SELEETN Z BB} T JESL

[H
diungd 1E8H |EBLUIBYI080) UOL §
isuopduwinssy

sjuediaged [B10),

1800 JBOISND 18N
32lEQeY
SIS07} JBLIGISNT

sgiegay Bupnaxg sisng) we:boly ©10),
LDIENEAT

UORBASIULLPY - SBAIES BRISIND
BlSS3201d SIBOIY - SEMAES aPIEING
sasuadxy ¢ sanddng e20i0

Buissanoag BlBQ

Buisijeapy

o0e welbolg |B10)
|ezus|n weibaig
wawebeuep weibog

{UOHDMIISUDD MaUL) Jid JPULIBLR0ED



51 jo 63 abeg
g-WSC AT

0GES alnssy
dwind jeey sad 003

sjs00 weiboid 9/ swinssy

(dnsas Jeay 151 O00'01S) 894 UCHEISIILPY ALIUOW O0GLS
(Buiiser D sapniow) wedioped 62§

yluow Jad g%

{dnias |2niul O0SS) e3h 1od 0GZLS

{salayanoiq popss) wedimped jad gzg

(IBRAWnssy

46745

4

£l

0t
008’} 0o0e one ooe oog oot ooz 0ol
006748 LPE'RE)  BEG'GHE  SSO'EEL  ZZP'ELL ZREEDL  00V'iL 000'sE
006°'F49 IpERLL BESGHL  GSOEEL  JEZFILL ZPZ6OF  0GF'LL G¢agee
COS'BYE'L  PEY'OUEEZ  LSRIEZ  BIEUZT  PSR'ZZZ pBY'SIZ  008'ZFL 0O0'CL
0SE'ZLL L0660 BEO'ADL  POE'YOL  L0L'I0L 606 ¥iL'68 46600}
£5.'06 aze'vl L65'%} E9ZvL EFEEL OE9'EL SO0 L6g's
LL2'66 yIE'EL BFZEL §86'21 FELEE 0] ara a4 0ooge
L02'8Y arb'e 2:7.41] gLl's 656'L ECB'L 00L'S 006'Z
19¢'F 948 298 699 fas:] ves cig aos
£62'vL 20t'L Oge't £GEE 12E°L 10g'E SiZ'L 952'9
995"t 2529 ¥z9'9 561'9 19e'9 Zv2'0 0807 000'L
1581 LY 081'bg L1E'Z29 961’09 PELES EZ0'4G £96'6C 0S4'ES
SLg¥eL E0V'GL BeR'gl OBZ'8} LGLEL ove'il 8E£°0L 0sz'sl
ZPE_'{B_Z_ LALYP Eiy'EY L0Z°E% 116'0F ¥BL'BE 5Z29'8E 00g'zit

R v} gIeag G Jeax PR EIESE Fienj TIES)

ASUB.‘QU};} PNERUEBIS 'SA 1500 {BUWEIDU)
sun)

1985 Man

1395 B0

{aalonaury 456uo) ou dwind 1893 PIG
'SUoNERENSSY

poor|day sduingd 1834 [BIC]

1500 J8WOISND 18N
SPIEQaY
SIS07) JHUOISAT)

sojegay Buipnoxs) sison wesbolg oy,
uoleniens

LORRIISILKIERY - $33IARS apISIRD
Buissannig BGSY - saay apisig
sasuadxg p sayddng aaD

Buissanold _IEQ

Buisgpaapy

Joqen weslcid |81c)
(90230 Weiciy
JuawsBeueyy wefoig

[2po Aouaoyys uBIH U diin,g yesy aoejday



L-WSQ HIGIXT

€90 £6°0 Ly 0 £9°0 80’2 gl 0 0.6 90 {1un Bupsixe soejdal) diing jeaM Aoua1omi3 ybiM H
0oL gL'e 680 o0t 6861 Sl 0 FA 7l a0} {uononnsuos mau) dilndg sl |BUlSUI08n 35
01l 8L'G £5°0 okl 982 Sl 0 LOBLE 9y'0 {1e6Y anljsiSal Due|dal) ding j8aH Aousiog y4b] o}
8z'0 620 0Z2'0 8C0 ELEL 81 0 5B 00 aAuSILl JUawaoR|day jotelabl)ay o
LEL vy S0 LET lge Sl 0 (344 102 weshg juawabeuey ADiauy )
Pi'l (4" [o)3] Pl 05z 412 0 ecil 70 Buyeag ¥ uoRENBA Jong o
Z5'L By’ $5°0 751 PEE G 0 L6682 £8°/ uonezipdyg vonelabijey 3
it DEDL 8y 0 L1 L0y Gi ] 0ePo8 98'9 sAIpuneT g SIURINe)SE)y - SI9IESH I9IEM dWind JBaH s
GS'} AR oL el Lo Gl 0 Ledd 19°0 Stljid pue Bulpeus MOPUIAA o
(3" P&L S0 11°% £e'y 4 0 0906 2 Sianon) 8sen) uonelabuyay o]
gy LE'E 950 8t¥ Al 0l 0 OLEL 6L°0 JojeIaBujay puz JO |RADWBY Sl
LAl 252 0.0 BLE A Gl 0 0042 6Y E S10]10 Adua1y3 ybil 2
LEE St't B850 1£7 = Gl 0 BGEE 110 bulieag ¥ UoHENEAT Jong 2
£9°0 580D 29°0 £3°0 019 pi 0 9l 8e'0 1UBLLFDB}dBY] JBUCHIPLOD Jiy 0Dy H
Ve AT 180 wr AU Gl 0 0oLl 121 Rejds|q a5y ABlaug/buusiap Lews/buou anlsuodssy P
1581 1981 Awpnfser Wi AL 1saF U] S1OpNY | uetonpayf | uononpay uonduosac] weidok|  SSED
|BleIses Nl wedisneg Nsedjy| 2214 %, A A §eag JDUIDISTD)
[enuny

wedidipe 12,4

$53001d BuIu9Iog aanjRInUEn() 1] 9SeYJ JO SINsay pue suondumssy







Kentucky Utilities Company/Louisville Gas and
Electric Company
Transmission Construction Projects

Project Description Expected
No. Completion
Date

CONFIDENTIAL INFORMATION REDACTED



Transmission System Map

CONFIDENTIAL INFORMATION REDACTED






Kentucky Utilities Company
and
Louisville Gas and Electric Company

2008 Analysis of Reserve Margin Planning Criterion

Prepared by
Generation Planning

March 2008



2008 ANALYSIS OF
RESERVE MARGIN PLANNING CRITERION

TABLE OF CONTENTS

EXECUTIVE SUMMARY

INTRODUCTION. c.s-rcvsevrasnsssesssssasssan ssossssaesssesssassmiss sssssssnesssss4sssusasssasssssasssssnsssssass easns s sesssasssassmmesssssasaemssa e 2
STUDY METHODOLOGY ....ovooommeasseeroreesmssssssasmesoossssssssnsse srasssssmssassessssorsssn sassesstosseansesessasssssmaas soosesessmamesmesserassose 3
STUDY ASSUMPTIONS. ..oovsssseveeunenssssosssnsssssmass asesssasssasssssomosssstsssss sosses sssisssssesss sasasssssasomssns sssseamesssssstsammessrosssasessanes. 3
STRATEGIST® ANALYSES uvvrvrureresesesssrssssosssanssssnss sssasssansssssnssss sasssssnss e sssass s sasasssanssesas smsssamass s ssensmsssessssasomssns 10
LOSS OF LOAD PROBABILITY covevvvovevsressiniresseanssssnssssssusssssssnsasisssmsssses s sssasas ssssessasasassssnsssasasssaissssssnsssssansssss 18
SUMMARY AND RECOMMENDATION .oovurersnserissseessssssesomesssossmssssasmsssssessssssosmsssamssssssssss sy sssssisssssssmmsssssassiossas 19

2008 RESERVE MARGIN APPENDIX A

2008 RESERVE MARGIN APPENDIX B

FIGURES 1-7



2008 ANALYSIS OF RESERVE MARGIN PLANNING CRITERION
EXECUTIVE SUMMARY

The Companies 2005 Integrated Resource Plan (Case No. 2005-00162) stated that
maintaining a 1.2 percent to 14 percent reserve margin was the optimal range, and a 14 percent target
was recommended for planning purposes. The need to maintam a level of capacity in reserve is well
established in the utility industry. Additional generation capacity must be available should there be
an unexpected loss of generation, reduced generation capacity due to equipment problems,
unanticipated load growth, variances in load due to extreme weather conditions, and/or disruptions
n contracted purchased power.

The key variables for studies of this type are: (1) the number and length of planned
generating unit outages and maintenance outages, {2} generating unit forced/equivalent forced
outage rates, (3) the availability of purchase power capacity for import, (4) the customers perceived
cost of unserved/emergency energy and (5) the expected system load. The availability of the
Companies’ existing units is based on 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 Energy Services prepared for
the Companies the report titled “Cost of Unserved Energy™ and is included as Appendix A.
Sensitivity values around the base customer perceived value of unserved energy cost were evaluated,
as were market purchases, a high annual load forecast, and unit availability sensitivities. The
Strategist” computer model was utilized in the evaluation and the least cost present value of revenue
requirements (PVRR) was used as the primary decision factor.

Optimizations were utilized to create a least cost ordering of supply-side options for various
reserve margin levels given each set of key variables. This methodology was repeated for all
possible combinations of the key variables over a range of reserve margins. Reserve margins with
PVRR within 0.5 percent of the minimum PVRR were considered as economically equivalent.

Given the base case assumptions 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 13 percent to 15 percent is
considered optimal. It is recommended that the Companies maintain a target reserve margin of 14

percent for planning purposes.
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KU/LGE 2008 IRP: Reserve Margin
March 2008

INTRODUCTION

The Companies 2005 Integrated Resource Plan (Case No. 2005-00162) stated that
maintaining a 12 percent to 14 percent reserve margin' was the optimal range, and 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. Additional capacity must be available (either physical
generators or purchase power) should there be an unexpected loss of generation, reduced generation
capacity due to equipment problems, unanticipated load growth, variances in load due to extreme
weather conditions, and/or disruptions in contracted purchase power.

This study was conducted to evaluate and document the economics of maintaining various
target reserve margin levels given the aforementioned challenges. As a result of this study, a
recommendation of a target reserve margin for planning purposes is made.

The study was conducted using the Strategist” computer model. Strategist” is a capital and
production costing computer model with the capability to compute total fuel, fixed and variable
operating costs and emission related expenses for existing and future units, as well as the capability
to develop a least-cost resource plan for future years. Strategist” can also evaluate the reliability of
electricity power supply and model power transactions. Finally, Str‘ategist{ﬁj calculates an 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: (1) provide a summary of the study methodology and assumptions; (2) detail
assumptions that most strongly influence margin analysis; (3) describe scenarios and sensitivities
developed; and finally, (4) recommend the least-cost target reserve margin level for the combined

KU/LG&E system.

1 Reserve Margin %o= { Totat Supply Capability — Peak Load) / Peak Eoad
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KU/L.GE 2008 IRP: Reserve Margin
March 2008

STUDY METHODOLOGY

The methodology 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
key variables. This least-cost resource plan is commonly referred to as the “optimal” expansion plan.
Strategist” optimizations were made for both a base set of assumptions and sensitivities (discussed
later) at target reserve margin levels ranging from 7 percent to 18 percent in | percent increments.
The 7 percent and 18 percent levels are selected as reasonable minimum and maximum reserve
margins based on results in the 2005 IRP. The optimization process determines the least-cost
resources from those available to satisfy the user input target reserve margin level. The objective of
the optimizations is to balance costs associated with maintaining a reliable supply system with the
customers’ percetved cost of unserved energy. The result of the optimization is a least-cost supply-
side plan for a given set of assumptions (i.e. reserve margin, load forecast, unit availability, etc.).
The reserve margin level, which yields the minimum PVRR for each set of assumptions and key
variables, can then be determined. The reserve margin levels suggested by the individual
optimizations can then be reviewed to determine the least-cost reserve margin planning level for the
Companies.

STUDY ASSUMPTIONS

Appendix B of this report provides detailed information describing inputs utilized in the
modeling of KU, LG&E and Owensboro Municipal Utilities (OMU) generating systems, Utilizing
the multi-area production costing capability of Strategist”, OMU is modeled 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) the number and length of planned generating unit outages and maintenance outages, (2)
generating unit forced and equivalent forced outage rates, (3} the availability of purchase power
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KU/L.GE 2008 IRP: Reserve Margin
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capacity for import, (4) the customers perceived cost of unserved or emergency energy, and (5) load

forecast and load factor.

Key Input 1: Unit Planned Qutages

A planned outage (PO) is defined as the removal of a generating unit from service to perform
work on 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/LG&E system at the time this analysis was conducted are shown in 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 Units

Minor Maintenance Major Maintenance

Duration Time Between|Duration Time Between
Mill Creek |5 weeks| ~2years |8weeks| -~ 8 years
Trimble Co. | [4 weeks| ~2vyears |8 weeks| ~ 8 years
All Other Unitsi 3 weeks ~ | year 8 weeks{ ~ 7 years

* - 4 weeks every other year and 1 week in years between
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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KU/LGE 2008 IRP: Reserve Margin
March 2008

target reserve margin is being evaluated or what sensitivity evaluation is being performed.
Optimization of unit maintenance is a highly computer intensive task which would not significantly
affect studies of this type. This analysis assumes that the Companies’ current major and minor

maintenance needs (weeks) will not change over time.

Key Input 2: Unit Forced Outages/Eguivalent Forced OQutages

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 (EFORSs) are similar to FORs but include hours in which the unit is
derated (capable of operating but unable to operate at full load). FORs and EFORs provide
mformation on how frequently particular events cause unit outages or derates. The 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 have been delayed beyond the end of the next
weekend, but requires that the unit be removed from service before the next major or minor planned
outage. Maintenance outages, like forced outages and forced derates, may occur at any time during
the year, may have flexible start dates, and may or may not have a predetermined duration. To
capture the random nature of events that trigger a MO and to maximize the effect of the MO event
on systern capacity (i.e. reduce the generating system capability during the weekday when load is
greatest instead of on the weekend), maintenance outage hours have been included in the 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 INFORMATION

Table 2
Moadeled FOR and EFOR

Unit l FOR % | EFOR %I
Brown 1
Brown 2
Brown 3

Cane Run 4
Cane Run 5
Cane Run 6
Ghent |
Ghent 2
Ghent 3
Ghent 4
Green River 3
Green River 4
Mill Creek 1
Mill Creek 2
Mill Creek 3
Mili Creek 4
Trimble 1 (75%)
Tyrone 3

As part of this evaluation, two unit availability sensitivities were performed. One decreased
the availability of the coal units by increasing each coal unit’s EFOR by 5 percent annually, and the
second decreased the availability of the peaking 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 Firm/Non-Firm Purchase Capability

Currently, the Companies have contracted for the purchase of firm capacity from Ohio
Valley Electric Corporation (OVEC) and OMU (expected termination May 2010). The dispatch of
purchase power units in Strategist® approximates the actual dispatch of the purchase capacity.

These were the only existing purchase power alternatives available in the base series of runs.
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The OVEC purchase is modeled in Strategist" as a purchase power unit. KU's future
purchases from OMU are modeled using Strategist"’s muiti-area modeling feature, which paraliels
the actual dispatching of all units. However, in order to model a least-cost dispatch of the combined
KU/LG&E and OMU generating systems, a detailed model of the OMU generation system is
required. The details of the OMU generation system model and the amount of on-peak capacity
available from OMU by year during the study period can be found in Appendix B.

Like unit availability, a sensitivity was also performed on purchase power. While the base
assumption limited purchase power only to the above two purchase power contracts, this sensitivity
allowed purchase power from the 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 assumes that spot purchases
are considered to be non-firm capacity. This study assumes that spot purchases are 5 times the
monthly firm forward price for the 5x16 period. The spot/hourly market 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™.

Table 3
Modeled Purchase Information

Supplier MW EFOR Term
i Smith 1 —15.27%]  Through May 2010
OMU Smith 2 — 16.64%
OVEC | 174 MW NA Throughout Study Period
Weekday On Peak
Spot** | 204 & 304 5.00% Periods Only Throughout
Study Period

* Changes annually to reflect OMU's load growth
** Two Spot MW purchases evaluated
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Aside from the contractual and spot purchases discussed above, one additional purchase type

is automatically modeled in Strategist”: emergency (unserved) energy.
Y g gency gy

Key Input 4; Customer Perceived Cost of Emergency/Unserved Energy

Emergency energy is automatically determined by the 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 emergency/unserved energy is defined as the 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 1s highly
dependent on customer type (i.e., residential, commercial, industrial), the duration of the 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 on this type of energy than an industrial customer who
may incur a substantial economic loss due to an outage Likewise, within customer classes, the
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 Energy Services. The report is
titled “Cost of Unserved Energy” and is included in this report as Appendix A. The forecasted
percentage of the 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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Table 4
Customer Perceived Qutage Cost Estimates
Average Weighted Cost
Class (3/kWh LG&E/KU Customer Sales (%)’ ($/kWh
Unserved)' Unserved)
Residential 2.04 34 0.69
Commeercial 31.90 30 9.57
Industrial 13.04 36 4.69
Weighted Sum 1496
Est. Base Cost of Unserved Energy ~13.0

1 Asidentified in the Pace Global report "Cost of Unserved Energy”

Therefore, based on the results as shown in Table 4, a base cost of $15 per kWh for unserved
energy is used in this study. An estimate of customer load (kWh) not served during power outages
or capacity shortages is determined by the Strategist@ model and labeled as "Unserved Energy". The
unserved energy (kWh) is then multiplied by the unserved energy cost (§/kWh) 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 1n this study.

Key Input 5: Higher than Expected Load Forecast

A system load factor that is higher than forecast could also change the optimal mix of
supply-side technologies. This change could force units such as peakers, normally considered
alternatives 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 in the capacity and availability of combustion turbines, combined cycles and
coal-fired units. Therefore, in recognition of the fact that 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 higher prices that can be experienced during the summer period.
Anytime load sensitivities are used in this evaluation, the resulting reserve margins shown in the
tables and the figures are calculated based on the installed capacity and the bage load forecast and
not the new forecast. This is done to more fully represent the situation where the Companies are
anticipating the load reflected by the base load forecast but the observed peak loads are higher than
expected.

The high load forecast developed by the Sales Analysis & Forecasting departiment has higher
peaks and energies than the base forecast in each and every month and is developed using the same
methodology that went into developing the base load forecast. Appendix B contains additional

detail on the Base and High L.oad Forecasts.

Combinations of the 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
determination 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 cases evaluated.
For each series, twelve optimizations were performed with a minimum target reserve margin
ranging from 7 percent to 18 percent (in | percent increments). Fach optimization produced the
least-cost supply-side strategy for that given set of assumptions (including minimum target reserve

margin) for the key variables. Series | through 12 are series where no spot market purchases are
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available These series are weighted to represent 50 percent of the analysis. Series 13a through 24a

have a 204 MW spot purchase available, and series |3b through 24b have a 304 MW spot purchase

available. The two spot purchase levels are weighted to each represent 25 percent of the analysis.

Table 5
Identification of Key Variables Evaluated
Combustion Unserved 3x16
Coal Unit Turbine Load Encrpy Purchase
Serics # ] Availability | Availability | Forecast | Cost ($/kWh) Maodeled
i Base | Basc | Bast i3 No ™~
2 Base Base Base i5 No
3 Base Base Base 9 No
4 Low Base Base i3 No
5 Low Base Base 15 No
6 Low Basc Base 10 No
7 Base Base High 13 No
8 Base Base High 15 No
9 Buase Base High 19 No
10 Basc Low Base 13 No
11 Basc Low Base 15 No
12 Base Low Base 19 No A
13a Base Base Basc 13 Yes (204 MW) \
14a Base Base Base 15 Yes (204 MW)
15a Base Base Basc 19 Yes (204 MW)
1éa Low Base Base 13 Yes (204 MW)
17a Low Base Base 15 Yes (204 MW)
18a Low Basc Base 19 Yes (204 MW)
19a Basc Base High 13 Yes (204 MW)
20a Base Base High 15 Yes (204 MW)
2ia Base Base High 19 Yes (204 MW)
22a Base Low Base I3 Yes (204 MW)
23a Base Low Base i5 Yes (204 MW)
24a Base Low Rase 9 Yes (204 MW I/
13b Base Basc Base k Yes (304 MW) \
14b Base Base Base 5 Yes (304 MW)
13b Basc Basc Base 19 Yes (304 MW)
16b Low Base Base 13 Yes (304 MW)
178 Low Base Base 15 Yes (304 MW)
18b Low Base Base 19 Yes (304 MW)
19 Base Base High I3 Yes (304 MW)
20b Base Base High I5 Yes (304 MW)
2ib Base Base Hi;h 19 Yeos (304 MW)
22b Base Low Base 13 Yes (304 MW)
23k Basc Low Base 15 Yes (304 MW)
24b Base Low Buse 19 Yes (304 MWY |/

> 50%

> 25%

> 25%

Optimizations were conducted to determine the reserve margin level that yields the minimum

PVRR under all scenarios. At each target reserve margin level from 7 percent to 18 percent, 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 of which meet
both the pre-specified constraints and the specific target reserve margin criterion. The capital and
production costs (including the cost of unserved energy) of each plan is determined by the
Strategist” 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 in
St:"ategist"}'. The next case is developed by increasing the target reserve margin by 1 percent and
performing another optimization. This methodology is repeated until the target reserve margin being
evaluated would exceed 18 percent, at which time a key variable is changed and the process begins
anew at a 7 percent reserve margin. Performing optimization simulations at each reserve margin
level assures that the optimal (least costly) ordering of units is maintained. The results of the
optimizations determine the reserve margin level at which the minimum PVRR occurs for each
series.

As an example, consider the results of the optimization process for Series 1, 2 and 3 shown in
Figure I. The larger values of PVRR at the high or low end of the reserve margin curve shown in
Figure | reflect the increase in costs due to capital expenditures or unserved energy respectively.
The increase in PVRR on the upper ends of the curves (i.e. occurring at the higher reserve margin
levels) is a function of increased capital/operating expenditures for generation construction
associated with maintaining the higher reserve margin. Conversely, the increase in PVRR values at
the lower target reserve margin levels is a function of both the amount of unserved energy and the
value placed on unserved energy. The minimum PVRR (indicated by the arrows in Figure 1), which
for Series | through 3 occurs at a 10 percent reserve margin, strikes a balance between
capital/operating expenditures associated with maintaining a target reserve margin and the value
placed on unserved energy. Notice also in Figure | that the PVRR values are relatively the same
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near and around the minimum PVRR. Forexample, using the $15/kWh (Series 2) curve in Figure 1,
there is less than 0.5 percent difference between the PVRR associated with maintaining a 10 percent
reserve margin and maintaining a 7 percent to |3 percent reserve margin level. The overall flatness
of the curves around the minimum PVRR value suggests reserve margin levels with a PVRR within
a small variance of the minimum PVRR could be considered economically identical or nearly
identical to the lowest PVRR. This indicates a greater leve! of system reliability, as measured by
reserve margin, can be attained with minimal increase n cost and for this reason, it is difficult to
recommend a single target reserve margin point based solely on the minimum PVRR for each series.
Figure 2 graphically displays all reserve margins for Series 1-3 that are within 0.5 percent of each
respective Series’ minimum PVRR. It suggests that, based solely on Series 1-3, that a reserve
margin range of 8 percent to 12 percent is optimal. The reserve margin range is determined by
observing the reserve margin levels that are common to each case. Maintaining a reserve margin
within this range guarantees that given the base assumptions for load, unit availability and purchase
power, the least-cost case possible is maintained under all assumptions for unserved energy.

1 we now add Series 4-12 to Figure 2, a better overall picture of how the sensitivities affect
both the reserve margin ranges and cost can be observed (see Figure 3). Figure 3 stops at Series 12
because it is a convenient break point for graphing purposes in that it is the last case without the
purchase option. (Note that for convenience the legend associated with Figure 3 lists each Series in
the order that it appears in the chart, i.e.: the least cost case is at the bottom of the legend box and the
most costly case is at the top). As one would expect, the least costly case without market purchases
is Series 1 where unserved energy cost is $13/kWh. Increasing the Companies’ load forecast when
unserved energy is assumed to cost $19/kWh (Series 9) is the most expensive sensitivity evaluated.
All others sensitivities without the market purchase alternative fall between Series 1 and Series 9.
Figures 4a and 4b complete the process for the remaining Series with market purchases available.
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Again, the base Series with unserved energy at $13/kWh is the least costly series while increasing
the Companies load forecast when unserved energy is assumed to be $19/kWh 1s the most expensive.

To re-emphasize, Figures 3 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 minimum reserve margin values. The reserve margin ranges
shown in Figures 3 and 4 are considered economically equivalent because they exceed the series
minimum by less than 0.5 percent. Considering costs within a range of 0.5 percent allows fora more
narrow analysis of possible reserve margin planning levels while insuring that proper consideration
is given to the other possible values of the key variables. Table 6, below, shows the range of reserve
margin levels for all Series 1-24b and is a tabular form of the data contained in Figures 3 and 4.
Essentially, 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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Table 6
Econemically Equivalent Reserve Margin Levels
Coambustion Unserved Sxio Econumicaliy
Coal Unit Turbine Load Encrgy Purchase Equivalent
Series # | Availability | Availability | Forecast | Cost (S/kWh) NModeled Reserve Margin
i Base Base Base i3 No T~ 12%
2 Basc Base Buse i35 No T - 1 3%
3 Base Buse Bise 1 Na R - 13%
4 Low Buse Base i3 Nu 13% - IR%,
3 Low Bise Hise i Na F3% - 18Y%
i) Low Base [izse iv No P - 18
7 Base Base Higls 13 Nu T3 1A%
Base Base Higl 15 No (R R
Y Base Base High 19 No 130 - 15%
1 Base Low Bose 13 No P20 - 16%,
1 Base [.ow Buse 13 No 13% - 18%
12 Basie Eow Base 14 MNu 1At - 18%
13u Base Buse Base 13 Yus (204 MW) T - 1%,
da Base Buse Buase 15 Yus (304 MW) Bl - 124
150 Base Bisse Base Y Yos (204 MW) B - 129%
16 Low Buse Base i3 Yes (204 MW) 13%% - T0%
17a Low Base Base 15 Yes (204 MW) 13% - 18%
181 Low Buose Base 19 Yus {204 M) 13%5 « 18%)
19a Buse Base High 13 Yes (204 MW) 13% - 1%
200 Buse Base High 15 Yes (204 MW) 13% - 14%
Jin Base Buse High 19 Yes (204 MW) 13% - 14%
ity Basc Low Base 13 Yes (204 MW) 14%0 - 10%a
23n Buse Low Base 153 Yes (204 MW) Lg% v 16%)
Zdn Buse Low Rise 19 Yes (204 MW FAY - 1BY%)
13b Bise Base Bise 13 Yes (304 MW) Ty - 12%)
14b Bise Base Base 15 Yes (304 MW) T~ 12%
15b Buse Base Bise 19 Yes (304 MW) T - 12%
16b Low Base Base 13 Yes (304 MW) 13% - 16%
17b Low Base Base 15 Yes (304 MW) P30 ERYG
18b Low Base Base 19 You (30 MW P3% - 1R
19h Buse Buse High 13 Yes (04 MW) 130 - 1%
Rit]] Base Base High 13 Yes (3 MW) 1349 - 1%
b Base Bise Figh 19 Yes (304 MW) 13%% - 14%
26 Buse Low Hase i3 Yoes (304 MW 149 - 164
23b Buse Low Base i5 Yes {304 MW) 1496 - 16%,
24h Base Low Bise {9 Yos {304 MW) 14% - 17%%

Based on the information in Table 6 and Figures 3, 4a and 4b, the most appropriate reserve
margin range that would best balance the costs of maintaining a high reserve margin with the cost of
unserved energy can be determined. Again, Figures 3, 4a and 4b can greatly assist in this process.
Just as was done for Series 1-3 (in Figure 2), the reserve margin range can be determined by first
counting the number of times 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 times 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, it can be seen that a 13
percent reserve margin was identified in ten Series, that [4 percent was identified in nine Series, 15
percent was identified in nine separate Series, and so on. Tables 7 and 8a-c (below) summarize the
frequency of occurrence of each reserve margin level in the suggested reserve margin range of each
Series in Figures 3, 4a and 4b respectively. If a specific reserve margin was within the economically

HIH

equivalent reserve margin range, a would be placed in the table at the appropriate location.

Tables 8a and 8b represent the two purchase volumes evaluated, and Table 8c is the combination of

Tables 8a and8b.

Table 7
Number of Times Reserve Margin is

Identified in Economically Equivalent Range
(No Market Purchase Alternative)

Mirimum Reserve Marpin

Series # L 7% | 8% | 9% L 10% 11940 12%0 13% ] 14%1 15%] 16%] 17%¢ 18%
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Table 8a

Number of Times Reserve Margin is

Identified in Economically Equivalent Range
{With 204 MW Market Purchase Allernative)

Minimum Reserve Margin

Series #

7%

8[, [}

Q%

10%

%

12%

13%

[4%

5%

16%

17%

8%

13a

1

I

ida

!

I

13a

1

I

T

17a

18z

194

20a

2ia

2

23a

24n

Sub-Totul

G
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Table 8b

Number of Times Reserve Margin is

Identified in Economically Equivalent Range
{With 304 MW Market Purchase Alternative)

Minimum Reserve Marpin

Series #

7“ (1)

8%

9%

10%

1%

12%

13%

14%,

15%

16%

17%

i8%

i3b

i

1

i4b

1

1

1

15b

]

i

1

16b
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20b

21b
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Table 8c
Number of Times Reserve Margin is

Identified in Economically Equivalent Range
(Average for Purchase Altemative Cases)

Minimum Reserve Margin

Series# | 7% | 8% | 9% | 10%] 119} 12%] 13%] 14%]| 1 5%] 16%} 1 7% 18%
13 | 1 i | 1 1
14 1 I | | i I
15 1 I | | 1 1
16
17
1}
19
20
21
22
23
24

Sub-Total | 2 3 3 3 3 3 6

[ [ S U L

[N SR (VR SRS R [T S SV R Y

P~ 5 S
R e { s { oo

Figures 5, 6a and 6b incorporate Tables 7, 8a and 8b respectively with the addition of the
dashed line. Table 9 (graphically presented in Figure 7) summarizes the data in Tables 7, 8a 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)

Minimum Reserve Margin
7% | 8% | 9% | 10%| 11%] 12%] 13%] 14%} 15%] 16%| 17%] 18%
No Market 2 313 3 3 4 |10 9 9 1 61 3 5

With Market {Aviy | 2 3 3 3 3 3 6 9 G 6 3 2
Total (All} 4 6 6 6 6 7 P16 18115121 8 7
LOSS OF LOAD PROBABILITY

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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one day 1n 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/10 years) for the metric to be satisfied.

Table 16
Loss of Load Hours (2010-2037)
Series Reserve Margin Average
Ya LOLH/yr
1 7 15.93
) 8 13.65
1 9 10.61
1 10 7.94
1 11 5.80
I 12 4.42
i i3 2.98
1 14 _ 207
1 15 1.57
1 i6 .16
] 17 0.83
1 18 .64
2 7 5,93
2 8 [2.94
2 g 10.07
2 14 7.70
2 1 5.80
2 i2 443
2 i3 2.98
2 14 2,66
2 13 1.57
2 16 1.16
2 17 0.83
2 18 0.63
3 7 13.93
3 8 13.65
3 9 10.61
3 10 7.94
3 11 3,80
3 12 4.42
3 13 2.98
3 i4 2.07
3 15 1.57
3 16 1.16
3 17 0.83
3 ig 0.64
SUMMARY AND RECOMMENDATION

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 the relatively flat region near and around the minimum PVRR value for each
case. This suggests that reserve margins in this region of values can be maintained at or near the
same cost. Therefore, the value for reserve margin at the high end of the range of reserve margins
can be 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 13 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 the range of 13 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

Page 21



@

PACE ! Global Energy Services

4401 Fair Lakes Court

Fairfax, Virginia 22033-3848 USA
Phone: 703-818-9100

Fax: 703-818-9108

FINAL REPORT

Cost of Unserved Energy

Prepared for:

E.ON US
October 12, 2007

This Report was produced by Pace Global Energy Services, LEC (“Pace Global”) and is meant to be read as a whole and in
conjunction with this disclaimer. Any use of this Report other than as a whole and in conjunction with this disclaimer is
forbidden. Any use of this Report outside of its stated purpose without the prior written consent of Pace Global is forbidden.
Except for its stated purpose, this Report may not be copied or distributed in whole or in part without Pace Global's prior written
consent

This Report and the information and statements herein are based in whole or in part on information obtained from various sources
as of October I, 2007 While Pace Global believes such information to be accurate, it makes no assurances, endorsements or
warrantics, express or implied, as to the validity, accuracy or completeness of any such information, any conclusions based
thereon, or any methods disclosed in this Report. Pace Global assumes no responsibility for the results of any actions and
inactions taken on the basis of this Report By a party using, acting or relying on this Report, such party consents and agrees that
Pace Global, its employees, directors, officers, contractors, advisors, members, affiliates, successors and agents shali have no
Hability with respect to such use, actions, inactions, or reliance

This Report does contain some forward-looking opinions Cerlain unanticipated factors could cause actual results to differ from
the opinions contained herein. Forward-looking opinions are based on historical and/or current information that relate to future
operations, strategies, financial results or other developments  Some of the unanticipated factors, among others, that could cause
the actual results to differ include regulatory developments, technological changes, competitive conditions, new products, general
economic conditions, changes in tax laws, adequacy of reserves, credit and other risks associated with Cummins & Barnard, Inc.
and/or other third parties, significant changes in interest rates and fluctuations in foreign currency exchange rates.

Further, certain statements, findings and conclusions in this Report are based on Pace Global's interpretations of various
contracts. Interpretations of these contracts by legal counsel or & jurisdictional body could differ.

Gf satthig The piie s B

wathingion Hiw Yotk Houston Cattmbiy Latfamenio San Diego tendan Wascow Llaxico €1
it} Y

Lovnwecpaceglobatecom



@ PACE I Global Energy Services

TABLE OF CONTENTS

Introduction and Executive Summary
=T 1ol {01 {o 110 o E OO O SRS PSPPSR T PP RS TES ST
Primary ANIYSIS ISSUES .....vcomimiimiieieiiiiinise st s enan s
Scope of Public Analyses
DUration Of QULBQE ...vv.veerciviicei it snis e ese s eab st n e nn e s ns s nsn e
Customer Class Cost VarialionS.......cvecurverirsonrremeenc et iininraesesscnesesesssssnssnconscronsesens
Differentiation by Type of Outage
Estimated Cost of Unserved Energy

Summary and Recommendations
Attachments

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Proprietary & Confidential 1



@ PACE l Global Energy Services

EXHIBITS

Exhibit 1:  Marginal Changes in Costs by Duration of Outage .........ccocovvvvevenenicccinnn
Exhibit 2:  Costs per kWh — Annual Costs vs Peak Period Costs ($2007)..................
Exhibit 3:  Cost of Unserved Energy — Alternative Groupings (2007$3/kWh)......c........

Proprietary & Confidential 1



@ PACE ‘ Global Energy Services

INTRODUCTION AND EXECUTIVE SUMMARY

Pace Global Energy Services (Pace Global) was engaged by Cummins 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.ON 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 $13-$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
$14.96/kWh 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 planning and academic literature on the value of
lost load (“VOLL™) and customer valuation of the cost of power outages, and has synthesized

' This Report and the information and statements 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:

o the range or scope of the studies,

e the impact on costs of the duration of outages,

o 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 1s 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, and
comprise 12 different data sets. Cost estimates for all studies have been converted from their
original currencies and base period valies to 20078. 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 Lawrence Berkeley National Laboratory (“LBNL”) that includes data
from the late 1990s from Southern Company, Duke, and Cinergy {as well as several other
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 of power interruptions in the industrial sector); Kariuki
and Allan {(on cost of outages in the residential sector); Carson et al (on contingent valuation);
Matsukawa and Fujii (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 and Lien that related to a 1977
Finnish study.

DURATION OF OUTAGE

The costs of outages are correlated with the duration 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 Qutage
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100
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duration

000
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-0-— Residential esi== Commercial «=te== Industrial |
i ]

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 kWh 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 labeled as “normalized to annual kWh” 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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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 in Attachment 1)

Exhibit 2: Costs per kWh ~ Annuai Costs vs Peak Period Costs ($2007)
Normalized to Peak Hour (&/kWh) Normalized to Annual kWh ($/kWh)
Minimum | Median | Maximum | Max/Min | Minimum | Median | Maximum | Max/Min
Residential $0.61 $1.96 $2.86 5 n/a n/a nia n/a
Commercial $8.11 $24.48 $63.39 8 $0.0032 | 300098 | $0.0178 5
indusirial $3.15 $10.36 $61.72 20 $0.0008 | $0.0042 | $0.0292 36

Source: Pace Global

DIFFERENTIATION BY TYPE OF OUTAGE

(Gieneration 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 be given advance warning of maximum generation conditions and
take steps to shut down and/or 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 s considerably narrower. 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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Exhibit 3: Cost of Unserved Energy - Alternative Groupings (20075/kWh)
_ Residential | Commercial Industrial System-wide
Equal weighting for all data sels
All $1.90 $28.57 $19.74 $16.33
North American $2.21 $29.31 $10.83 $13.44
Groyped by study sets
All $1.74 $30.24 $24.75 $18.57
| North American $2.04 $31.90 $13.04 $14.96
£.0N cuslomer class weights 34% 30% 36%

Source: Pace Global

The first block of estimates give equal weighting to all separate data sets. The studies by
Sullivan et al and Subramiam et al 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 U.S.
and Canada, and excludes British data from Cramton and Lien and from Kiriuki. 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 within the past decade that address
customer costs in Midwestern and southeastern utility markets. Careful analysis of those reports,
and synthesis of their results into a common set of estimates, 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.
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Attachment 1 —~ Worksheets for Exhibits Page 1 of 3
Outage Costs (20073)
Row ] mmr_nary 1 min 20 min 1 hour 2 hour 4 hour 8 hour 24 hour
Residontial - Normalized to Annual kWh Basis
{|Asizn {Residenlizl subdivision) $0.00000 $0.00006 $0 00033 $0 60322 50 00963
2|Karlukl 50.00015 50.00051 $0.00352
Commercial - Normalized to Anrual kWh Basils
3{LBNL « Small C&t {2003) 5000321 50 00585 $0.01778 50.04222 $0.04944
AlChowdhury 50.00236 50 00B09 $0.00983 50 03081 50 05732
5{Subramiam {no slandby system) $0 00048 $0 66335 80 00770 $0 03046 3008078
6Subramiam {battery system backup) $0 00017 30 00256 50 Q0ag7 3001215 $0.02698
T§Subramiam (engine sysiem backup) $0.00001 50 00068 $0.00436 5001234 $0.02238
8 Kariukl 5000112 50.00117 50 00401 $0.01200 50 04430 50 09055 50.11626
9l Tollefson 3000150 $0.00141 £0.00335 $0.G0860 $50.01753 50.03967 $0.06808 $0.14091
industrial - Normallzed to Annual kWh Basis
10JLBNL - Large C&1 {2003) 5000126 30 00184 50 00424 3006769 50.01147
11|Chowdhury $0.0G229 S0.00353 50 00736 S0 01418 $0.02445
12]|Subramiam {no standhby system} $0 00040 506.00170 $0.60362 30 0079 $0 02075
131Subramizm (battery system backup) 50 00008 50 00050 50 00082 50 00263 $0.00390
14{Subramiam (engine syslem backup) 5000046 50 00105 50 00152 3¢ 00719 $0.00964
15]Kariuki 5000738 $0 00765 5001544 50 D29y 50.07962 $0 13037 016354
16| Toliefson $0.01128 $0.04172 50,01239 50.01560 3001822 50.02780 30,65194 $0.06924
Systern Wide - Normalized to Annual kWh Basls
17§Allan (lowns, surround farms) &0 00006 $0 00056 50 00140 $0 00618 5001652
18]Astan (smail-lo-medium sized city) 3000009 $0 00082 50 00200 $0.00837 5002210
19]Alian {{arge cily) §0.00020 3600107 5000243 $0.00868 30.02071
203Allan {farger city) 000039 $0.0G119 50.00261 $0 G0BO2 $0.01821
21§Allan (large city and surround farms) $0 60031 $0 g00ss 5000213 50.00678 3001564
22]|Chowdiuiy $0.00321 $0.00570 50.00863 30.02181 $0.03552
Residential - Peak Hour Basis
23lCramion and Lian (British} %035 5124 B 52
24{Chowdhury 5061
25|Christansen 5278
26|Sullivan {generation cuage) 52860
2715ullivan {T8D aulage) $2.88
Commercial - Poak Hour Basis
2BJLBNL. - Small CAI (2063} §50.48
28]Cramton and Lien {Britlsh) $2 30 58 g2 524 48 388 79 5180 .80 $229 B9
30| Chowdhury $43 04
31|Christensen 51598
32§Sullivan (genaration outage) $29.08
33[Suliivan (TED ouiage) §$63.39
Industrial - Paak Hour Basis
J4ILBNL - Large T&! {2003) 518 50
35{Cramton and Lien (British) 314 87 $32.86 558 0% $166 06 $276.13 $345 64
36]Chiowdhusy 326.86
a7|Christensen $10.36
38]Sullivan {generation oulage)} $4.58
30}5Sullivan {T&D oulage) $10.53
Systemn Wide - Peak Hour Basls
ao{chowdiury $22 58
41|Sulliven {generation culage} $10.78
42|Sutiivan {TED oulage) . $22.34
Reskdential - Normallzed to Peak kW Basis
43| Kariuki §1,32
Commericial - Normalized to Peak kW Basls
44]8ubramiam (no standby syslem) %2165 314 46
45§5usraméiam (batiery system backup) $8.11
46}Subramiam (engine system backup} $9.48
A7 liariuki $26 02
48| Toliefson 318,61
Industrial - Normalized to Peak kW Basls
49iSubramiam (Ro standby system) 5804 36 3%
50]Subramiam {battery system backup) $3.15
51]Subramlarm {engine system backup) 5509
521 Karluki §61.72
53YTollefson $8.06
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Attachment 1 - Worksheets for Exhibits Page 2 of 3
Duration of outages - relative cost analysis - indexed to one hour

Residential 20 min 1 hour 4 hour 8 hour
Cramton and Lien (British) 0.85 1.00 1.71
Allan-residential subdivision 0.56 1.00 244 3.66
Kariuki 0.86 1.00 1.71

Average 0.75 1.00 1.96 3.66
Commercial

LBNL-Small C&l (2003) 0.99 1.00 0.59 0.35
Cramton and Lien (British) 1.09 1.00 0.92 0.92
Chowdhury 247 1.00 0.80 0.75
Subramiam-No Standby 1.30 1.00 0.99 1.47
Subramiam-Battery Backup 1.98 1.00 0.78 0.87
Subramiam-Engine Backup 0.47 1.00 0.71 0.64
Kariuki 1.00 1.00 092 0.94
Tollefson 1.01 1.00 0.99 0.85
Average 1.29 1.00 0.84 0.85
Industrial

LBNL-Large C&l (2003) 1.30 1.00 045 0.34
Cramton and Lien (British) 1.70 1.00 0.72 0.59
Chowdhury 1.60 1.00 0.48 0.41
Subramiam-No Standby 1.41 1.00 0.74 0.72
Subramiam-Battery 1.82 1.00 0.81 0.60
Subrarmiam-Engine Backup 2.08 1.00 1.18 0.79
Kariuki 1.59 1.00 0.68 0.56
Tollefson 2.38 1.00 0.45 0.42
Average 1.73 1.00 0.69 0.55
System-Wide

Chowdhury 1.98 1.00 0.63 0.51
Allan-towns/surrounding farms 1.20 1.00 1.10 1.48
Allan-small/med city 123 1.00 1.05 1.38
Alian-large city 132 1.00 0.89 1.07
Allan-larger city 1.37 1.00 0.77 0.87
Allan-iarge city/surrounding farms 1.36 1.00 (.80 0.92
Avg of System-Wide estimates 141 1.00 0.87 1.04
Summaries 20 min 1 hour 4 hour 8 hour
indexed to one hour

Residential 0.75 1.00 1.96 3.66
Commercial 1.29 1.00 0.84 0.85
Industrial 1.73 1.00 0.69 0.55
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Attachment 3 ~ Source Data Page 1 0f 13
Report Title: Power System Reliability and lts Assessment Part 3

Author(s). Allan, R and Biltinton, R

Abstract: Addressas reliability in electric power systems. Part 3 specifically considers
Published: August 1893

Data Vintage: 1985

conversion from $C {0 § U.S. 0.73278  source: www.canda.com

Inflation multiplier to $2007 1.7143

Table 4 Composite Customer Damage Functions for Example Service Areas (consumption-
normalized costs in 1985 Canadian dollar/kWh)

example service Interruption Duration
area 1 min 20 min 1 hour 4 hour 8 hour
Apartmen! Buildings 0.00000 0.00007 0.00039 0.00355 0.01006
Residential
subdivision 0.00000 0.00005 0.00026 0.00256 0.00767
small-to medium-
size city {.00008 0.00065 0.00159 D.00666 0.01759
towns and surround
farms 0.00005 0.00044 0.00111 0.00492 001315
large city 0.00016 0.00085 0.00193 0.00691 0.01649
iarger city 0.00031 0.00095 0.00208 0.00638 0.01450
large city and
surrounding farms 0.00025 0.00077 0.00169 0.00540 0.01245

Converted to 20073 by Pace Global
Table 4 Composite Customer Damage Functions for Example Service Areas

example service interruption Duration
area 1 min 20 min 1 hour 4 hour 8 hour
Apartment Buiidings 0.00000 {.00008 0.00050 0.00446 0.01339
Residential
subdivision 0.00000 0.00006 0.00033 (.00322 0.00963
small-to medium-
size city 0.00000 0.00082 0.00200 0.00837 0.02210
towns and surround
farms 0.00006 0.00056 0.00140 0.00618 0.01652
large city 0.00020 0.00107 0.00243 0.00868 0.02071
larger city (.00039 0.00119 (.00261 0.00802 0.01821
iarge city and
surrounding farms 0.00031 0.00096 0.00213 0.00678 0.01564

Proprietary & Confidential A-11



@ PACE l Global Energy Services

Attachment 3 — Source Data Page 2 of 13

Report Title: Reliability Worth Assessment in Electric Power Delivery Systems
Author{s): Chowdhury, A; Mielnik, T; Lawton, L; Sullivan, M and Katz, A
Abstract: Discussed the results of a 2002 customer survey conducted by MidAmerican
Energy Company to determine the value of lost load. This is the first customer
survey study conducted for the Midwest region of the United States.
Published: October 2004
Data Vintage: 2002
Inflation multiplier to $2007 1.1472
Table li: Per Event Outage Cosls
Comrmercial
Scenario Total Weighted Avg (Business) Industrial Institutional
2 seconds na na na 28,565
1 minute 10,889 379 14,055 na
20 minute 8,866 744 20,551 15,373
1 hour 14,154 1,002 33,436 21,878
4 hour 27,152 2,299 61,710 53,455
8 hour 35,169 4,188 92,210 na
Tabie Il Per Annual KWh Costs
Commercial
Scenario Total Weighted Avg {Business) Industrial Institutional
2 seconds - - 0.00877
1 minute 0.00280 0.00208 0,00200 -
20 minute 0.00497 0.00705 0.00343 0.00430
1 hour 0.00752 0.00857 0.00642 0.00749
4 hour 0.01901 0.02766 0.012386 0.01777
8 hour 0.03096 0.05146 0.02131 -
Table IV Per kW Demand Costs
Commercial
Scenario Total Weighted Avg (Business) industrial institutional
2 seconds na na na 31.54
1 minute 11.64 9.03 8.98 na
20 minute 20.15 30.87 13.08 13.48
1 hour 28.13 37.52 23.41 21.1
4 hour 72.87 121.15 40.19 53.32
8 hour 121.14 225.41 67.15 na
Table Vill: Qutage Cost per Peak kWh
Qutage Cost Per
Customer Group Peak kWh
Residential 0.53
Commercial 37.52
industrial 23.41
| Organization 21.10
Total System 15.68
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Attachment 3 - Source Data Page 3 of 13
Chowdhury (2004) continued
Converted to 2007% by Pace Global
Table il: Per Event Outage Costs
Commaercial
Scenario Total Weighted Avg {Business) Industrial Institutional
2 seconds na na na 32,769
1 minute 12,503 435 16,123 na
20 minute 10,171 853 23,575 17,635
1 hour 16,237 1,149 38,357 25,098
4 hour 31,148 2,637 70,792 61,322
B hour 4,345 4,804 105,780 na
Table Hl Per Annual kWh Costs
Commercial
Scenario Total Weighted Avg {Business) Industrial Institutional
2 seconds - - 0.01006
1 minute 0.00321 0.00236 0.00229
20 minute 0.00570 (.00809 0.00393 0.00493
1 hour 0.00863 0.00983 0.00736 0.00859
4 hour 0.02181 0.03173 0.01418 0.02039
8 hour 0.03552 0.05903 0.02445
Table IV Per kW Demand Costs
Commercial
Scenario Total Weighted Avg (Business) Industrial Institutional
2 seconds na na na 36.18
1 minute 13.35 10.36 10.30 na
20 minute 23.12 35.41 15.00 15,46
1 hour 33.42 43.04 26.86 24.21
4 hour 83.71 138.88 46,10 61.17
8 hour 138.97 258.58 77.03 na
Table VIlI; Outage Cost per Peak kWh
Outage Cost Per
Customer Group Peak kWh
Residential 0.61
Commercial 43.04
Industrial 26.86
Organization 24.21
Total Systemn 22.58
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Attachment 3 — Source Data Page 4 of 13

Report Titie:

Assessment of Other Factors: Benefit-Cost Analysis of Transmission
Expansion Plans

Author{s): Christensen Associates Energy Consulting, LLC

Absiract: Evaiuated the costs and benefits fram transmission expansion for the
American Transmission Company. Included an extensive literature
review of the cost of unserved energy.

Published: August 2005

Data Vintage: 1990

Inflation muiltiplier to $2007 1.2213

Table 5; Distribution of per-kWh Outage Costs (1988 %

Class # of Observations| 17th Percentile | 50th Percentile { 83rd Percentile
Residential a7 0.3 2.28 7.67
Commercial 43 0.12 16.36 24.44
industrial 49 0.39 8.48 24.67

Converted to 2007$ by Pace Global

Table 5: Distribution of per-kWh Outage Costs

Class # of Observations| 17th Percentile | 50th Percentile | 83rd Percentile
Residential g7 0.37 2.78 9.37
Commercial 43 0.15 19.98 29.85
industrial 49 0.48 10.36 30.13
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Attachment 3 — Source Data

Report Title:
Author(s):
Abstract:

Published:
Data Vintage:

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

February 2000
1893

inflation multiplier to $2007

13523

Page 5 of 13

Table 2: 1993 British study - Sector Customer Damage Functions per peak kWh (1999 §)

Outage Duration

Customer Categoryj <1 sec 1 min 20 min 1hour | 4hours | 8hours { 24 hours
Industrial 10.5 11 24.3 42.9 122.8 204.2 255.6
Commercial 1.7 1.7 6.6 18.1 66,4 133.7 170
Residential - - 0.26 0.92 6.3 - -
Large Users 11.5 11.5 117 12.2 15.1 16.5 22.7
Converted to 2007$ by Pace Global
Table 2: 1993 British study - Sector Customer Damage Functions per peak kWh
Outage Duration
Customer Category| <1 sec 1 min 20 min ihour | 4 hours | 8 hours | 24 hours
Industrial 14.20 14.87 32.86 58.01 166.08] 276.13; 345.84
Commaercial 2.30 2.30 8.92 24.48 88.79] 180.80] 229.89
Residential 0.35 1.24 8.52
Large Users 15.55 15.55 15.82 16.50 20.42 22.31 30.70
Proprietary & Confidential A-15
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Report Title: Evajuation of Retiabilily Worlh and Vaiue of Lost Load

Author{s): Kariuki, K and Allan, R

Abstract: Discusses customers percaptions of reliability worth in electric supply in the United Kingdom. Utilized customer surveys
to determine customer outage costs and the benefits from reliability

Published: March 1986

Data Vintage: 1892

conversionfromEto S U S 176613 scurce: www oanda com

Inflation muligtier to $2007 13834

Table 1: Customer interruption Costs (CIC) (£) values

Nao. of Response CIC (£} for an inferruption duration of:
sector Responses {Rate IO, 1 min 20 min 1h 4h Bh 24k
Residentiat 4014 18.10 - - 0.19 0.70 4.78 - -
Commercial 203 4.00 11.47 11.74 49,12 106 345 719 1,000
Industriai 119 5.70 1,20C 1,500 2,900 4,300 7,600 12,000 16,300
l.arge bser 19 29.20 216,000 216,000 218,000 233,000 329,000 413,000 581,000
Table 2: Sector Custemer Damage Function for sectors invesligated
SCDFs (E/MWh) SCDFs {E&W)

Res. Comm Ind L. user Hes. Comm Ind i.. USBF
mom - 0.46 3.02 1.07 - 0.99 6,158 6,74
1 min - 0.48 3.13 1.07 - 1.02 6.47 6.74
20 min 0.06 1.64 6.32 1,09 0.15 3.89 14.27 6.86
1h 0.21 4.91 11.94 1.36 0.54 10.65 25.26 7.18
4h 1.44 18.13 32.58 i.52 372 38.04 72.22 8.86
8h - 37.08 53.36 1.71 - 78.65 120.11 9.71
24 h - 47.58 67.1 2.38 - 99.98 150.38 13.35

Converted to 26075 and to kXWh by Pace Globai
Table 1: Customer Interruption Costs {CIG)

No of |Response CIC (%) for an interruption duration of:
seclor Responses |Rate moim. 1 min 20 min 1h 4 h 8h 24 h
Residential 4014 19,10 - - 0.46 1,71 11.68 - -
Commercial 203 4.00 28.02 26.68 120.01 259 843 1,797 2,443
Industrial 119 570 2,932 3,665 7.085 10,506 18,569 29,319 39,825
Large User 19 29,20 527,738 527,738 535,068 569,273 803,824 { 1,009,055 | 1,418,518
Table 2: Sector Customer Damage Function for seclors investigated
SCDFs ($/kWh) SCDFs ($/kW)

Res, Comm ind L. user Res. Comim ingd L. user
mom 0.00112 0.00738 0.00261% 242 15.03 16.47
1 min 0.00117 0.00765 0.00261 248 15.81 16.47
20 min 0.00015 0.00401 0.01544 0.00266 0.37 9.50 34,88 16.76
1h 0.00051 0.01200 0.02917 0,00332 1.32 26.02 61.72 17.54
4h 0,00352 0.04430 0.07962 G.00371 9.08 95,38 176.45 21.65
8h 0.08055 (,13037 0.00418 1892.16 293.46 23.72
24h 0.11628 0.16394 0.00584 244.27 I67.41 32.62
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Report Titie:

Author{s):
Abstract:

Published:
Data Vintage:

Page 7 of 13

A Framework and Review of Customer Qutage Costs: Integration and Analysis of Electric tility Outags Cost

Elo, J and Population Research Systems, 1L.LC. (Lawrence Berkeley Nationai Laboratory)

Surveys

Average outage costs and Tobit models that estimale customer damage funclions are presented. based on
studies of eight U §. utilities in the southeast. wes, and Midwest The customer damage functions express
cuslomer culage costs for a given culage scenario and customer class as a function of location, fime of day.
consumption. and business type

November 2003
2002

Inflation multiplier to $2007

Source data:

1.1472

Table 3-2: Oulage Costs by Duration - Large C&l

Table 4-2. Quiage Cosls by Duration - Smali-Medium C&|

Average Cost per | Average Cost Per Average Cost per | Average Cost Per
Duration Annuai KWh Peak kW Puration Annual KWh Peak kW
All 0.0041 20 All 0.0218 55
Vollage Sag 0.0006 3 Vollage Sag 0.0015 1
1-2 Sec §.0010 5 1-2 s8¢ 0.0132 34
1 min 0.0011 5 1 min 0.0028 2
15 min £.0083 29 15 min 0.004 g
20 min 0.0016 7 20 min 0.0051 3
30 min 0.0024 14 30 min 0.0211 49
1 0.0037 15 1 hr 0.0155 40
4hr 0.G067 35 4 hr 0.0368 91
8 hr 0.0100 45 8 hr 0.0431 EE]
12 hr 0.0187 - 12 hr 0.0408 -

Table 3-3: Outage G

osts for a 1-hr Qutage - Large C84

Average Cost Per

Table 4-3: Outage C
C&l

osts for a 1-hr Outage - Smail-Medium

Average Cost Per

Seascn Peak kW Season Fealk kW
All 17 All 44
Winler 25 Winter 47
Summer 16 Summer 46
Day Day
Adl 15 Al 40
Weekday 17 Weekday 44
Weekend NA Weekend 25
Regian Region
All Regicns i5 All Regions 40
Northwest i8 Northwest 18
Southwest 22 Southwest 66
Southeast 15 Southeast 26
Waest 33 West 102
Midwest 11 Midwest 4
SIC SiC

All SIC 20 All SIC 29
Agriculture 1 Agriculiure 86
Mining it Mining 4
Conslruction 0 Canstruclion 47
Manufacturing 21 Manufacturing 52
Telco & Ulilities 18 Telco & Utilities 23
Trade & Retail 13 Trade & Relail 35
Finance, ins, R.E. 168 Finance, Ins, R.E. 53
Service 9 Service 15
Public Admin 19 Public Admin 20
Proprietary & Confidential A-17
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Converted to 2007$ by Pace Global

Table 3-2; Qutage Cosls by Duration - Large C&l

Page 8 of 13

Table 4-2: Qutage Costs by Duration - Small-Medium C&l

Average Cost per

Average Cost Per

Average Cost per

Average Cost Per

Average Cost Per

Season Peak kW
All 18.50
Winter 2B.68
Summer 18.35
Day
All 17.21
Weekday 19.50
Weekend MNA
Region
All Regions 17.21
Northwest 20.65
Southwest 25.24
Southeast 17.21
West 37.86
Midwest 12.62
SIC

All SIC 22.94
Agricuilure 1.15
Mining 12.62
Construction 0.00
Manufacturing 24.09
Telco & Utilities 20.65
Trade & Retail 14.91
Finance, Ins, R.E. 192.72
Service 10.32
Public Admin 21.80

Average Cost Per

Duration Annual KWh Peak kW Duration Annual XWh Peak kW
All 0.0047 22.94 All 0.0250 63.09
Vollage Sag 0.0007 3.44 Voitage Sag 0.0017 1,15

1-2 sec 0.0011 5.74 1-2 sec 0.0151 39.05

1 min 0.0013 5.74 1min 0.0032 2.29

15 min 0.0085 33.27 15 min 0.0046 10.32

20 min 0.0018 8.03 20 min 0.0059 344

30 min 0.0028 16.06 30 min 0.0242 56.21
1hr 0.0042 17.21 1hr 0.0178 45,89

4 hr 0.0077 40.15 4 hr 0.0422 104.39
8hr 0.0115 51.62 8 hr 0.0494 113.57

12 hr 0.0215 - 12 hr 0.0468 -
Table 3-3: Qutage Costs for a 1-hr Outage - Large C&! Table 4-3: Outage Costs for a 1-hr Outage - Small-Medium

Season Peak kW
All 50.48
Wirter §3.92
Summer 5277
Day
All 45.89
Weekday 50.48
Weekend 28.68
Region
All Regions 45.88
Northwest 20.65
Southwest 75.71
Southeast 29.83
West 117.01
Midwest 4.59
SiC

All SIC 33.27
Agriculture 7571
Mining 4.59

Construction 53.92
Manufacturing 59.65
Telco & Utilities 26.38
Trade & Retail 40.15
Finance, ins, R.E. 60.80
Service 17.21
Public Admin 22.94
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Report Title: Understanding Commercial Losses Resulting from Electric Service Interruptions
Author(s): Subramaniam, R; Wacker, G; and Billinton, R

Abstract: 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 19983
Data Viniage: 1692
Inflation multiplier to $2007 1.3834

Table lil: Commercial Outage Costs for Winter (Qutage at 10am, Friday, end of January)

Respondents with
No Standby Systemn|  Battery System Engine System

1 min (3} 63.44 14.13 1.64
20 min (3} 268.91 176.06 888.77
1 hr ($) 6568.96 561.76 1761.28
4 hr ($) 2451.35 237557 4734.15
8 hr () 6589.78 6483.64 115584.40
1 min {$/kWh) 0.000345 0.000120 0.000008
20 min (3/kWh) 0.002421 0.001850 0.000491
1 hr {$kWh) 0.006566 0.002800 0.003153
4 hr ($lkWh) 0.022017 0.008785 0.008920
8 hr (B/kWh) 0.065625 0.018500 0.016180
1 min ($/kW} 1.04 0.30 0.01
20 min ($/kW) 5.91 1.49 1.48

1 hr {34&W) 15.65 5.86 6.85

4 hr (kW) 57.69 19.87 20.24
8 hr ($/kW) 148.93 48.19 44.02

Converted to 2807% by Pace Global
Table Ili: Commercial Quiage Costs for Winter (Outage at 10am, Friday, end of January)

Respondents with
No Standby System|  Battery System Engine System

1 min {$) B7.76 19,55 2.27
20 min (3} 373.39 243.56 952.83
1 hr (5) 925.43 777.13 2436.52
4 hr ($) 3391.15 3286.32 6549.14
8 hr (§) 8116.18 8969.35 15984.15
1 min ($/kWh) 0.000478 0.000166 0.000071
20 min {$/kWh) 0.003349 0.002559 0.000679
1 hr (BkWh) (.007700 0.C03873 0.004362
4 hr {$/KWh) 0.030458 0.012153 0.012340
8 hr {($/kWh) 0.090784 (0.026976 0.022383
1 min {$kW) 1.44 0.42 0.02
20 min ($/kW) 8.18 2.06 2.08

1 hr ($/kW) 21.65 8.11 9,48

4 hr (FkW) 79.81 27.49 28.00
8 hr {$/kW) 206.03 68.05 60.90
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Report Titte: Understanding Industrial Losses Resuiting from Electric Service Interruptions
Author{s): Subramaniam, R; Wacker, G; and Biliinton, R

Abstract: 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 1983
Data Vintage: 1992
Infiation multiplier to $2007 13834

Table Il Industrial Outage Costs for Winter (Outage at 10am, Friday, end of January)

Respondents with
No Standby System| Battery System Engine System
1 min ($) 262.00 4247.00 8781.00
20 min {$) 1644.00 9234.00 11317.00
1 hr ($) 3355.00 14457.00 18428.00
4 hr (§) 8047.00 31272.00 31540.00
8 hr (§) 20266.00 46180.00 45827.00
1 min (/KWhH) 0.000292 0.000068 0.000330
20 min ($/kWh) 0.001230 (.000358 0.000761
1 hr {§kWh) 0.002620 (0.000590 0.001100
4 hr ($/kWh) 0.007800 0.001900 0.005200
8 hr (/kWh) 0015000 0.002820 0.006970
1 min ($W) 0.66 0.27 0.60
20 min (S/kW) 3.08 1.45 3.01
1 hr (S/kW) 5,81 2.28 4.33
4 hr ($kW) 17.07 6.66 19.51
8 hr {$/kW) 33.35 9,90 26.40

Converted to 2007$ by Pace Global
Table Hi: Industrial Outage Costs for Winter {Outage at 10am, Friday, end of January)

Respondenis with
No Standby System| Battery System Engine Systern
1 min (§) 362458 5875.22 12147.48
20 min (§) 2274.28 1277415 15655.74
1 hr ($) 4641.25 19989.56 25492.97
4 hr (§) 11132.08 4326113 43631.88
8 hr (8) 28035.63 63884.60 63396,26
1 min ($/kWh) 0.000404 0.000094 0.000457
20 min {$/kWh) 0.001702 0.000495 0.001053
1 hr {(SkWh) 0.003624 0.000816 0,001522
4 hr ($/kWh) 0.010790 0.002628 0.007194
8 hr ($/kWh) 0.020751 0.003901 0.009642
1 min ($/kW) 0.91 0.37 0.83
20 min ($/kW) 4.26 2.01 4.16
1 hr (W) 8.04 3.15 5.99
4 hr (8kW) 23.61 8.21 26.99
B hr {$/kW) 46.14 13.70 36.52
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Report Title:

Author(s):
Absftract:

Published:
Data Vintage:
Inflation multiplier to $2007

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.
May 1996
1892
1.3834

Table 2: Customer Outage Cost Summary

Generation Oufage

Transmission or
Disfribufion Outage

Market Segment Mean Qutage Cost | Mean Qutage Cost
Residential Customers
Cost Per Event 4.91 5.38
Cost Per Peak KWh 1.88 2.07
Commercial Customers
Cost Per Event 604,19 1317.21
Cost Per Peak kWh 21.02 45.82
Industrial Customers
Cost Per Event 4443 9403.55
Cost Per Peak kWh 3.6 7.61
System Wide
Cost Per Event - -
Cost Per Peak kWh 7.79 16.15

Converted to 20073 by Pace Global
Table 2: Customer Outage Cost Summary

Generation Outage

Transmission or
Distribution Outage

Market Segment Mean Outage Cost | Mean Outage Cost
Residential Customers
Cost Per Event 6.79 7.46
Cost Per Peak kWh 2.60 2,86
Commercial Customers
Cost Per Event 835.83 1822.21
Cost Per Peak kWh 20.08 £3.39
Industrial Customers
Cost Per Event 6146,37 13008.70
Cost Per Peak kWh 4.98 10.53
System Wide
Cost Per Event - -
Cost Per Peak kWh 10,78 22.34

Proprietary & Confidential
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Repori Title: A Canadian Cusiomer Survey o Assess Power System Reliability Worth
Aulhor(s): Tollefson, G; Biliinton. R; Wacker. G; Chan. E; and Aweya J
Apstract: Presents the resulls of a Canadian electric ulility customer survey  Analyzes the costs associated with
oulages for different types of commaercial and industrial users
Published: February 1994
Data Vintage: 199
conversion from $CloSUS 087288  source: www canda com
Inflation melliplier for report data to $2007 14152
Table 4: interryption Costs in 1981 Canadian Dollars
Interruplion Commercial Industrial
Duratien $sint SkWh kW $lint $/kwWh kW
2 second 141 0.0012 0.27 1048 0.0031 0.90
1 minute 171 3.,6011 1.88 1193 0.0085 2.16
20 minutes 400 0.0027 5.58 1721 0.0400 3.05
1 hour 1183 0.008% 15.07 3323 0.0126 6.53
2 hours 2087 0.0142 31.60 4809 00148 11.58
4 hours 4353 0.0321 75.80 B406 0.0225 23.81
8 hours 7807 0.0551 121.97 14821 0.0420 44.06
1 day 17139 0.1141 146.90 24708 0.C560 70,13
Table 5: One Hour intarruplion Costs for Commercial and Smalt industrial SIC's
SIC Code Business Description Responses S intesr $kwh Bl
60 Food and Drug 116 1034 0.0058 14,38
61 Clothing Slores 42 212 05,0089 14,71
62 Household Furniture 41 496 0.0112 31.60
63 Automotive 119 1116 00,0084 J32.94
64 General Merchandise 25 1517 0.0098 23.39
65 Qther Ratait 83 549 0.0455 4.62
68 Vending and Direct 9 1588 0.0030 0.00
91 Accommodations 45 879 0.0022 1.03
92 Food Service 37 1118 0.0104 15.47
06 Entertainment 45 5354 0.0145 18.51
97 Personal Services 44 54 £.0012 0.31
a9 Othar Services 49 477 0.0078 273
Total Commercial 657 1183 0.0081 15.07
4 Logging 5 400 (1,007% 16.06
5 Forastry 1 1] 0.0000 0.00
B Mining 13 2253 00011 2.33
7 Crude Petroleum a0 8835 0.0708 214.54
8 Cluamy and Sand 10 908 0.0290 4.14
9 Services to Mining 10 26389 0.0004 1.65
10 Food Industries 70 3612 0.0054 15.90
11 Beverage industries 14 647 0.0008 1.21
15 Rubber Products i 585 0.0032 1.39
16 Plastic Producls 42 2087 0,0021 2.26
17 l.eather Products 8 4080 0.0006 1.06
18 Primary Textiles 2 925 0.0060 13.44
19 Textile Products 20 403 0.0028 6.94
24 Clothing 14 1619 0.0041 6,75
25 Wood Industries 47 1611 0.0011 2.28
26 Furniure 22 1281 0.0106 18.03
21 Papar Products i 25296 0.0374 5.85
28 Printing & Publishing 79 564 0,0023 4,67
249 Primary Matal 25 1427 0.0008 275
a0 Fabricaled Metal 119 1289 0.0053 B.GD
31 Machinery 38 1280 0.60714 5.58
32 Transperlation 25 7114 0.06068 33.39
33 Electrical Products 28 3207 0.6019 6.82
a5 Non-melal minerals 32 3341 0.0041 746
36 Refined Petroleum 5 1355 0,0426 0.00
37 Chemicat Products 38 879 0.0017 3.61
39 Clher Manufacluring 50 1377 0.0111 11.80
- {Undefined 2 180D 0.0600 . 0.00
Totat industrial 819 3323 0.0426 B.53
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Tollefson (1991) continued
Converted to 20075 by Pace Global
Table 4 Interruption Costs in US. §
Interruplion Commercial Indusirial
Duration Shint $/kWh Fikw Blin! E/kWh SikW
2 second 174 3.0015 0.33 1295 0.0113 1.12
1 minule 211 0.0014 2.33 1474 0.0117 2.67
20 minutes 495 0.0034 6.89 2126 0.0124 3.82
1 haur 1461 0.0100 18,61 4105 0.0156 8.06
2 hours 2579 $.0175 38.04 5340 0.0182 14,30
4 hours 5377 0.0397 83.77 10486 0.0278 25.41
8 hours 9644 0.0681 150.67 18309 0.0518 54.43
1 day 21172 0.1408 181.47 30522 0.0692 86.64
Table 5: One Hous Inlerruplion Costs for Commercial and Smail Industrial SIC's
SIC Code Business Descriplion Resgpenses B/ intesr $iWh W
60 Food and Drug 116 1277 0.0073 17.78
61 Clothing Stores 42 336 0.0122 18.17
62 Household Furriture 41 613 0.0138 38.30
63 Automotive 119 1378 0.0116 40.70
64 General Merchandise 25 1875 0.0421 28.90
65 Other Retail 83 678 {.0068 5,71
68 Vending and Direct <] 1962 0.0037 0.00
91 Accommadations 45 1085 0.0027 1.27
g2 Food Service 37 1381 0.0128 19.11
96 Entertainment 45 6614 0.0179 22.86
97 Personal Services 44 57 0.0015 (.38
99 Other Services 49 589 0.0098 3.38
Tolal Commercial 657 1461 0.0100 18.61
4 |ogging 5 494 0.0088 19.84
5 Forestry 1 0 0.0G00 0.00
8 Mining 13 2783 0.0014 2.87
7 Cruge Petrcleum 80 12150 0.0872 265.03
8 Quarry and Sand 10 1122 0.0358 5.12
g Services o Mining 10 32508 0.0005 2.04
i0 Food industries 70 4461 (.0067 19.64
11 Beverage Industries 14 789 0.0007 148
15 Rubher Producls 10 723 0.0040 1.72
16 Piastic Products 42 2578 0.0026 2.79
47 Leather Products 3 5053 0.0007 1.3
18 Primary Textiles 2 1143 £.0074 16.60
18 Textiie Products 20 488 0.0035 8.57
24 Clothing 14 2000 0.0051 8.34
25 Wood Industries 47 1991 0.0014 2.81
26 Furniture 22 1595 0.0131 22.28
27 Paper Produc!s 10 31250 0.0462 7.23
28 Printing & Publishing 79 1191 0.0028 577
29 Primary Metal 25 1763 0.0010 3.40
k] Fabricated Metal 119 1592 0.0085 8.15
31 Machinery 38 1544 0.0088 7.39
32 Transporialion 25 8788 0.0084 41.25
33 Electrical Products 28 3962 0.0023 8.43
35 Non-metal minerals 32 4128 0.0051 8.21
35 Refined Pelrpleum 5 1673 03,0526 .00
37 Chemical Products 38 1086 0.0021 4. 47
35 Other Manufacluring 50 1701 0.0137 14.71
- Undefined 2 22236 0.0000 0.00
Total Industrial 819 4105 0.0156 8.06
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Table 1.1.4. Price Indexes for Gross Domestic Product
[Index numbers, 2000=100]
L.al.ast Revised on September 27, 2007 Next Release Date October 31, 2007

BEA Data Adjustment
to 2007%
1980 54.062 2.2109
1981 59,128 2.0215
1982 62.738 1.9052
1983 65.214 1.8328
1984 67.664 1.7665
1985 69.724 1.7143
1986 71.269 1.6771
1987 73.204 1.6328
1988 75.706 1.5788
1989 78.569 1.5213
1990 81.614 1.4645
1991 84.457 1.4152
1992 86.402 1.3834
1993 88.39 1.3523
1994 90.265 1.3242
1995 92.115 1.2976
1996 93.859 1.2735
1997 95.415 1.2527
1998 96.475 1.2389
1999 97.868 1.2213
2000 100 1.1953
2001 102.402 1.1672
2002 104,193 1.1472
2003 106.409 1.1233
2004 109,462 1.0919
2905 113.005 1.0577
2006 116.568 1.0254
2007 119.527 1.0000 note: 2007 is Q Il value

source: U.S. Bureau of Economic Analysis
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DATA ITEMS USED IN OPTIMAL MARGIN ANALYSIS

Existing System Data

The Strategist” computer program is used to model Louisville Gas and Electric Company (LG&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 purchases to serve OMU's load while simultaneously
maintaining the KU/LG&E reserve margin requirements. The remaining generation available from
OMU's units after meeting their requirements is economically dispatched by the Companies. The
following sections outline the information and the sources of the information used in the programs to
model! the KU, LG&E and OMU generating systems.

A) General Data [tems
1. Base Year - 2007
2. Study Period - 2007 to 2037 (with no end effects)
3 Economic Assumptions
Revenue requirements are determined on an annual basis and discounted to the

base year giving a present worth of revenue requirements. Discounting is
performed using a discount rate, which is assumed to remain constant for all

years.

4, Financial Parameters:
a. Discount Rate: 7.85%
b. Capital/O&M costs Escalation Rates for Coal: £.9%/1.6%
c. Capital/O&M costs Escalation Rates for Gas: 2.2%/1.6%
d. Combined Federal and State tax rate: 39.55%

5. Retirements

This evaluation reflects the recent retirements of Waterside 7 & 8 (August 2006)
and Tyrone | & 2 (February 2007). The 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/kWh
(2004 dollars) to $13 and $19/kWh (no escalation is applied in the model).

7. I.oad Forecast - See Appendix B, Table la
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10.

Base LG&E and KU: May [1, 2007 Energy and Demand Forecast
2007-2037 (Load Forecasting)

OMU: Developed April 24, 2007. OMU forecast: 2007 through May
2010.

High Load Forecast: See Appendix B, Table |b.
Forecasting and Marketing developed a High Demand and Energy forecast for
KU/LGE in association with the May 11, 2007 Demand and Energy Forecast.

Hourly Load File Used
Market Forecasting provides LG&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.

KU/LG&E Unit Data

a. Installed/Existing Capacity - See Appendix B, Table 2

=

Equivalent Forced Qutage Rate - See Appendix B, Table 2
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.

¢. 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 reserves and
reliability over all months of each year.

(MU Unit Data

a. Installed Net Capacity

OMU (Smith Unit 1): 136/143 (summer/winter)
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OMU (Smith Unit 2): 259/265 (summer/winter)
b. Equivalent Forced Outage Rate

OMU (Smith Unit 1) 1527%
OMU (Smith Unit 2): 16.64%

(]

Heat Rates (Full Load)-

OMU (Smith Unit 1): 10,620 Btw/kWh
OMU (Smith Unit 2): 10,070 Baw/kWh

d. Heat Content of Fuel: 10,700 Btu/lb
g. Maintenance Schedules -

Planned outage inputs were developed with the
assistance of OMU.

laual

Contracted MW Demand Sale to KU - See Appendix B, Table 4
g. Fuel Cost - See Appendix B, Table 5.

Fuel costs include associated costs for fuel handling
and limestone.

h. OMU Scrubber O&M (Smith Units 1 & 2)

i Variable O&M: Limestone charges included in fuel cost.
i Removal Efficiency: 93.5%

11, Other Purchases

a. Contract Demand - See Appendix B, Table 4
OVEC (Firm): 174 MW
5% 16 On-Peak Market Purchase; Weekday On-Peak Hrs, All Months

(Non-Firm): 204 MW and 304 MW

b. Forced Outage Rates
OVEC: 0% partia] FOR. Energy schedule incorporates outages.
5x16 On-Peak Market Purchase: 5.0%

c. Full Load Heat Rate (Btu/kWh)
OVEC: 10,000
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5%x16 On-Peak Market Purchase: 10,000

For these transactions, which were modeled as purchase
power units, the fuel price was input such that the fuel price
times the heat rate would result in the expected energy cost of
the purchase. A heat rate of 10,000 Btu/kWHh is not meant to
reflect the “real life” heat rate of the units associated with
these transactions.

d. Heat Content of Fuel (Btu/Ib)

OVEC: N/A
5% 16 On-Peak Market Purchase: N/A

e. Fuel/Energy Cost

See Appendix B, Table 5
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Table 1a - 2008 Reserve Margin Appendix B
Base Forecast: Peak (MW) /Annual Energy (GWh})

I.GE Forecast

KU Forecast

ONIU Foregast

Year | Peak (MW) Energy (GWh) | Peak (MW) Energy (GWh) [ Peak (MW) Energy (GWh)
2007 2,739 13,098 4,229 23,073 187 508
2008 2,789 13,321 4,306 23,5613 187 909
2009 2,821 13,523 4,375 23,897 188 810
2010 2,869 13,695 4,435 24,254

2011 2,918 13,919 4,506 24,651

2012 2,066 14,140 4573 25,025

2013 3,011 14,356 4,631 25,340

2014 3,057 14,572 4,690 25,663

2015 3,099 14,763 4762 26,057

2016 3,138 14,943 4,827 26,415

2017 3,179 15,125 4,891 26,761

2018 3,221 15,319 4,963 27,159

2019 3,263 15,509 5,031 27,528

2020 3,308 15,715 5112 27,972

2021 3,348 15,899 5177 28,326

2022 3,301 16,090 5,249 28,721

2023 3,435 16,292 5,307 29,041

2024 3,483 16,511 5,374 29,405

2025 3,527 16,712 5,444 29,787

2026 3,572 16,913 5,509 30,147

2027 3,613 17,100 5,687 30,572

2028 3,658 17,303 5,662 30,881

2029 3,702 17,507 5,740 31,407

2030 3,747 17,712 5,813 31,807

2031 3,792 17,914 5,893 32,245

2032 3,836 18,112 5,870 32,670

2033 3,882 18,324 8,054 33,125

2034 3,928 18,531 6,138 33,587

2035 3,976 18,750 6,224 34,057

2036 4,023 18,967 6,310 34,530

2037 4,072 19,186 6,398 35,007

Peaks and energy forecast reflect effects of interruptible/CSR but not DSM.
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Table 1b - 2008 Reserve Margin Appendix B
High Forecast: Peak (MW) /Annual Energy (GWh)

LGE Forecast

KU Forecast

Year | Peak (MW) Energy {GWh)| Peak (MW) Energy (GWh)
2007 2,739 13,008 4,229 23,072
2008 2,839 13,559 4,407 24,085
2008 2,887 13,839 4 504 24,599
2010 2,546 14,063 4,587 25,084
2011 3,005 14,337 4,677 25,586
2012 3,066 14,618 4,767 26,084
2013 3,124 14,885 4,837 26,470
2014 3,180 15,159 4912 26,880
2015 3,233 15,402 4,998 27,350
2016 3,279 15,611 5,079 27,791
2017 3,327 15,832 5,155 28,209
2018 3,378 16,066 5,243 28,691
2019 3,427 16,289 5326 29,144
2020 3,481 16,533 5,426 29,691
2021 3,528 16,751 5,504 30,115
2022 3,579 16,982 5,587 30,571
2023 3,629 17,210 5,658 30,862
2024 3,684 17,462 5,734 31,375
2025 3,733 17,684 5,819 31,840
2026 3,783 17,914 5,897 32,270
2027 3,828 18,118 5,884 32,743
2028 3,882 18,364 6,071 33,222
2029 3,933 18,508 6,163 33,724
2030 3,981 18,816 6,245 34,174
2031 4,032 19,049 6,337 34,678
2032 4 083 19,282 6,430 35,186
2033 4 136 19,522 6,524 35,701
2034 4,188 19,758 6,624 36,247
2035 4,243 20,008 6,728 36,814
2036 4,296 20,252 6,832 37,382
2037 4,352 20,507 6,942 37,884

Peaks and energy forecast reflect effects of interruplible/CSR but not DSM.
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CONFIDENTIAL INFORMATION

Table 2 - 2008 Reserve Margin Appendix B

Louisville Gas and Electric/ Kentucky Utilities Generator Data

“ Unit

EFOR %

installed Summer
Year Rating (MW)
I|E3rown 1 1957 101
iiBrown 2 1963 167
Brown 3 1971 429
Brown 5 2001 117
Brown 6 1999 154
iBrown 7 1999 154
[[Brown 8 1995 106
[Brown 9 1994 106
Brown 10 1995 106
Brown 11 1996 106
Ghent 1 1974 475
Ghent 2 1977 484
Ghent 3 1981 493
Ghent 4 1984 493
Green River 3 1954 68
Green River 4 1959 95
Tyrone 3 1953 71
Dix 1-3 1925 24
Haefling 1-3 1970 36
iCane Run 4 1962 155
{{Cane Run 5 1966 168
|[Cane Run 6 1969 240
Mili Creek 1 1972 303
Mili Creek 2 1974 301
Mill Creek 3 1978 381
IMill Creek 4 1982 477
Trimble 1 {75%) 1990 383
Trimble 5 2002 160
Trimble 6 2002 160
Trimble 7 2004 160
Trimble 8 2004 160
Trimble 9 2004 160
Trimble 10 2004 160
Cane Run 11 1968 14
Paddys Run 11 1968 12
Paddys Run 12 1968 23
Paddys Run 13 2001 158
Zorn 1 1869 14
{Ohio Falls 1-8 1928 45
Page 19

Avg Heat Rate

at Max Load
{Mbiu/MWh
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CONFIDENTIAL INFORMATION

Table 3 - 2008 Reserve Margin Appendix B
Louisville Gas and Electric/ Kentucky Utilities Fuel Costs ($/Mbtu)

Brown GrRiver | Tyrone Ghent Cane Run | Mill Creek Trimble o Gas ” Haefling

Units 1-3 Unils 34 | Unit3 Unils 4.6 | Units 1-4 ] High SO2 PRB nits 1-3
Gas”

- indicales a sezonal profife applies, Price shown is annual average.
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Table 4 - 2008 Reserve Margin Appendix B
Kentucky Utilities/Louisville Gas and Electric
Purchases During Peak Month (MW)

oMU OVEC 5x16 Purch
Year (Firm}) (Firm} {Non-Firm)
2007 169 174 204 & 304
2008 168 174 204 & 304
2009 167 174 204 & 304
2010 0 174 204 & 304
2011 0 174 204 & 304
2012 0 174 204 & 304
2013 0 174 204 & 304
2014 0 174 204 & 304
2015 0 174 204 & 304
2016 0 174 204 & 304
2017 0 174 204 & 304
2018 0 174 204 & 304
2019 O 174 204 & 304
2020 0 174 204 & 304
2021 0 174 204 & 304
2022 0 174 204 & 304
2023 0 174 204 & 304
2024 0 174 204 & 304
2025 0 174 204 & 304
2026 0 174 204 & 304
2027 0 174 204 & 304
2028 0 174 204 & 304
2029 0 174 204 & 304
2030 0 174 204 & 304
2031 0] 174 204 & 304
2032 0 174 204 & 304
2033 4] 174 204 & 304
2034 0 174 204 & 304
2035 0 174 204 & 304
2036 0 174 204 & 304
2037 0 174 204 & 304

5x16 Purchase is & sensitivity

Page 31 Appendix B



KU/LGE 2008 IRP: Reserve Margin
March 2008

CONFIDENTIAL INFORMATION

Table 5 - 2008 Reserve Margin Appendix B
Modeled Energy Costs Associated with
Purchase Alternatives ($/Mbtu)

oMU OVEC | 5x16 Purchase
(Firm) {Firm) ! {Non-Firm}

Market Based
Markei Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
Market Based
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Updae to the 2004 SO> Compliance Staregy
March-2008

Executive Summary

The purpose of this document is to update the 2004 SO, 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 the efforts of KU 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 ductwork routing of Brown units 1 and 2, and problems with the [D fans
purchased for Ghent 3, Ghent 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-gervice date in 2010,

The changes in capital cost, combined with the changes in the forecasted prices of SO,
allowances and fuel necessitate a re-evaluation of the Companies’ 2004 least-cost SO,
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 the 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 SO, allowances on an as-
needed basis, remains the least-cost SO, compliance plan. Though the addition of the
FGD systems does not eliminate the need to purchase SO; allowances, the installation of
environmental controls significantly reduces the need to purchase SO, allowances and is
required for continued economical compliance with the SO, emission reduction
requirements of the Clean Air Act Amendments of 1990. Over the 20-year analysis
period, completing KU's FGD program should:

! In the Matter of Application of Kentucky Utilities Company to modify certain Certificates of Public
Convenience and Necessity to construct ductwork for two flue gas desulfurization units at the Ghent power
station, Order dated December 22, 2006, finding 4 at Page 4 - "KU’s updated PVRR analysis demonstrales
that constructing three new FGDs at the Ghent Station continues to be the mos! cost-effective means for
KU to comply with the relevant emission limits imposed by the CAIR ™
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1. 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’ SO, allowance banlk 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 residential customers’ bills (1000 kWh/month) 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.
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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 NOy and SO, With regard to SO,, CAIR will
reduce the allowable SO, emissions of Kentucky Utilities Company (“KU™) and
Louigville 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 where economically feasible, LG&E is expected to meet CAAA
Phase 1l requirements and provide a bank of SO, allowances. The Companies’ joint
planning process assumes that allowances banked 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, 20035, the
Commission approved these projects under Project KU-21 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 Ghent FGD project
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 Units 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 be commissioned in late spring 2008 as
planned, and the Ghent | 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 (i.e, 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 the impact of these new factors.

Significant Changes since 2004 Filing
Since the 2004 SO, Compliance Strategy for Kentucky Utilities Company and
Louisville Gas and Electric Company was finalized and submitted to the Commission in
Case No. 2004-00426, significant changes have occurred that have impacted the
following key drivers of least-cost environmental evaluations.

» SO, allowance market

» Fuel price forecasts

= FGD capital costs and the construction schedule for the FGD at Brown.

SO, Allowance Prices

Previous testimony documented the change i expectations since the 2004 ECR
Application regarding the higher cost of SO;-related CAIR compliance over the longer
term. > This expectation of higher SO, emissions allowance costs supports a strategy of
FGD construction rather than purchasing allowances from the allowance market.

The following graph highlights the change in SO, 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-term forecast remains high. This robust
projection of longer-term SO; allowance costs stems from a fuller understanding of the
long-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:

e Construction costs for building FGDs have increased, due in part to
materials, labor, and contractor availability issues;

e 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 the SO; allowance market;

o Similarly, plans for coal-fired generation capacity additions in excess of
the level underlying the 2004 forecast add further upward pressure to the
SO, allowance market; and

e 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 SO, allowances.

* See Case No. 2006-00493, Testimony of John P. Malloy (page 11, beginning line 6)
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Forecasted SO; Emissions Allowance Prices
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High and Low Sulfur Coal Prices

The most recent coal forecast for deliveries to the Ghent Station continues to show that
high sulfur coal will be delivered at a significant discount to Jow sulfur coal. As shown in
the figure below, a comparison of the current forecast to the forecast used in the October
2006 Update shows that the fow/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 eastern
compliance coal in Central Appalachia. This comparison also reflects a belief that this
gap will decrease through 2013 as more 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 Ceal at Ghent
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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 low/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
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At both the Ghent and Brown stations, the increases in the forecasted low/high sulfur fuel
price gaps continue to make physical compliance with CAAA and CAIR a more
economic alternative than financial compliance through reliance on 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 the Companies’
customers receive the benefit of relatively lower fuel prices through the calculation of the
monthly Fuel Adjustment Clause.

Capital 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 the
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 (“ID”) 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;

o Market Impacts (Labor, Material, Equipment) $109m
o ID Fans $ 30m
o Scope Refinements (Limestone System/Balance of Plant) $82m

$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 Limestone 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), consumables and rental
equipment as compared to the escalation rates used in the estimate.

Ghent 1D 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 instailed 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 preference 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 Unit 3’s ID fans, KU re-bid replacement fans for
Ghent 3, Ghent 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 IID Fans for the FGD start-up
in 2008. Unit 4 will experience a 5-10% de-rate at maximum capacity as a result of using
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 the unit is required to generate within 5%-
10% of its maximum capacity.

Long-term options for the Ghent 3 1D 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 the existing Flakt Woods fans with fans from other vendors.

Brown

The original November 2004 estimated cost for the Brown FGD Program was $235
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 the Brown FGD total $500 million. Primary drivers in the 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:

o Market Impacts (Labor, Material, Equipment) $116m
e Ductwork and ID Fans $ 74m
e Scope Refinements (Limestone Systern/Balance of Plant) 3 54m

$244m

Currently the Brown FGD Program has $182 million committed or 36% of the estimated
total cost of $500 million. The FGD portion of the project is 37% committed with the
FGD foundations, technology and module under construction and awarded through lump
sum contracts. The balance of plant scope is 95% committed and nearly completed,
including the completion of the warchouse, 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), consumables and rental equipment beyond those
estimated. The contractor has included in the current estimate $33 million in contingency
to account for potential escalations.

Brown’s Schedule Change - The Brown FGD was originally expected to be placed in

service in 2009, with a tie-in to Unit 3 in the spring of 2009 and to Units | and 2 during
the fall of 2009. The Brown FGD is now expected to be in service in 2010, with a Unit 3
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tie-in during the spring of 2010 and a tie-in to Units 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 Unique 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
increased 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 | and 2. The additional ducting resuits in additional costs
for expansion joints, support structure, foundations, and insulation and lagging.
This additional cost is magnified by the fact that Brown | and 2 are arranged
inverted to Unit 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 known 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 lack 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 Ghent’s existing system
required only modifications.

Economic Analysis

The June 2005 Order’ 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
requirements (“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 which 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% SO, removal efficiency is considered.

The Cases were evaluated using the PROSYM™ 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 with each capital project. Appendix 2 contains
economic and forward-looking assumptions used in this analysis. Each alternative was
independently evaluated within PROSYM™ using the Companies’ base price forecasts
for fuel and SO, and NOy 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 NOy

® In the Matter OF  The Application of Kentucky Utilities Company for a Certificate of Public Convenience
and Necessity to Construct Flue Gas Desulfurization Systems and Approval of its 2004 Compliance
Plan for Recovery by Envirgnmental Surcharge, Case No. 2004-00426, Final Order dated June 20,
2005,

Page 13 of 37



emission levels are quantified because the retrofitting of an SO, control
technology impacts how that unit is dispatched, which in turn, affects NOy
tonnage emissions.

3. SO, Allowances represents the revenue requirements associated with the use of
any SQO; allowances less the sale of excess SO; allowances.

4. Incremental Capital Costs represents the revenue requirements associated with
any capital expenditures for the Case less the revenue requirements associated
with any sunk capital costs.

The value of SO, and NO, allowances used are calculated as the net annual difference
between the Companies’ allocated and used allowances at the respective market prices,
thereby including the economic value of using banked allowances. It is assumed that
unlimited allowances are available from the market at the forecasted allowance price.

Ghent Evaluation

In order to identify the least-cost compliance strategy at Ghent, the Base Case was
compared to a “Without Ghent 1 FGD Case” in which the FGD at Ghent 4 is completed
as scheduled in May 2008 and the FGD at Ghent | is not completed. No further
construction is assumed to take place and current contractual commitments are fully
satisfied, resulting in a nominal capital expenditure savings of $52.2 million. The Brown
FGD is assumed to be completed in both cases.

SO, Compliance Strategies Evaluated for Ghent

Ghent FGD
Capital

Case Construct FGDs at Cost' {($M)
Base Case Ghent 1,34 86825
Without Ghent 1 FGI> Ghent 3,4 only $630.3

! rotal FGD Capital Costs are the sum of annual (nominal dollars)
construction expenditures

The Ghent Case Summary table below summarizes the four main cost categories and
compares the resulting PVRR of the “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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Ghent Case Summary

Incremental Incremental Cest
Cuse Production Cost | NO, Allowances | 5O, Allowances | Capital Cost [Total PYRR over Base
Base Case-Ghent 1 FGD in 2009 13,810 -1 129 4 14,001 Base
Without Ghent 1 FGD 13,965 3 258 0 14,225 224
2008 PVRR § millions: Production & alfowance cosis esiimated 2008-20128 Both cases include Brown FGE in 20100 8 0296 discouns rate

As can be 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 SO, allowance costs.

Beginning in 2000, it became necessary for the Companies to begin using banked SO»
allowances for compliance. As the figure below shows, the Companies’ combined
banked SO, 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 SO, allowances by five years compared to cancelling the Ghent 1 FGD, which
requires an additional 304,000 tons over the study period.
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Brown Evaluation
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In order to identify the 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 the FGD would not be completed at the Brown
station and no further construction would take place, although the Company would
satisfy current contractual commitments at an estimated capital expenditure of $174
million, plus $120.2 million for the ash pond. The Ghent FGDs are assumed to be
completed in all cases. The table below summarizes the three SO, compliance strategies
at Brown that were evaluated in this update.

SO, Compliance Strategies Evaluated for Brown

Brown FGD
In- Service Capital  Ash Pond
Case Construct FGD at Date Cost’ (SM) _(;_g_s_t’_@M_}
Base Case Brown Units 1,2,3 2010 $4999 $153.0
Delay Case Brown Units 1,2,3 2011 $533.5 $156.2
Without Brown FGD  None (Purch, Allowances) n/a $1740 $1262

! Total FGD Capital Costs and Ash Pond Costs are the sum of annual (nominal dollars)
constriction expenditures

The Brown Case Summary table below summarizes the primary cost categories and
compares the resulting PVRR of each 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.

Brown Case Summary

Incremenizl Ineremental Cost

Case

Production Cost

NO, Altawances

50, Allowances

Capilnl Cust

Total PYRR

aver Base

Buse Cuse » BR123 FGD in 2H0 13,810 -1 129 552 14,490 Base
Delay Case - BR123 FGDin 2011 13.805 -4 155 589 14,547 58
Without Brown FGD 13,885 -3 567 1406 14,588 95

ZO08 FVRR § miffions: Production & affowonce eosts estimated 2008-2038: 4

vases folide Ghent 1 FGD it J000: §

224 discount rale

Incremental capital cost inchades thy Brown ush pond

As can be observed in the table above, the current plan (Base Case) to build an FGD on
Brown Units 1, 2 and 3 for an in-service date of 2010 is the least-cost option and results
in a PVRR that is $58 million lower than the second least-cost option of completing the
FGD in 2011, Though the “Without Brown FGD” Case requires less capital, the savings
are not sufficient to offset the resulting increased production and SO, allowance costs,
resulting in a PVRR that is $99 million higher than the Base Case.

As shown in the figure below, the Base Case delays the need to purchase SO, allowances
by two years compared to the second least-cost Case (Delay Case — Brown FGD in 2011)
which requires an additional 56,000 tons over the study period. The “Without Brown
FGD” Case necessitates purchasing SO, allowances starting in 2012 and significantly
increases SO, allowance market exposure by requiring 1.2 million total tons to be
purchased over the next twenty years.
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Discussion of Base Results

Each of the FGD build alternatives allows the postponement of the Companies’ initial
SO; allowance purchases. However, no alternatives allow for all of the SO, allowances
required to comply over the twenty-year study period to be provided without purchasing
allowances from the SO; allowance market. With the Base Case, exposure to the volatile
SO, 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 SO, 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 II of CAIR significantly widens the gap between the
allowable emission level and forecast emissions. Though the annual allocation of SO;
allowances does not change with the implementation of Phase I and Phase II 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 SO, be matched with two
allocated or purchased SO; allowances. The implementation of Phase II of the CAIR
further limits allowed emissions by requiring that each ton of emitted SO; be matched
with three allocated or purchased SO, allowances.
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Least-Cost Plan and SO, 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 SO, 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 SO 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 PVRR
compared to not scrubbing Ghent 1 and by $99 million compared to not scrubbing
the Brown units;

2. Delays the depletion of the Companies’ SO; allowance bank 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 SO, reduction requirements associated with the
CAIR and future regulations targeting fine particulates and mercury; and

5. Increases typical residential customers’ bills (1000 kwh/month) 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.

Overall, nothing has occurred that has changed the Companies’ strategic decision to build
FGDs in order to comply with SO, regulations. Therefore, the Companies plan to move
forward with the implementation of the 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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Update to the 2004 SO> Compliance Strategy
March 2008

Appendix 1
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Lpdate o ihe 2004 SO - Complivmce Strareay
Appondiv - Camitae gon Phoios - 00 Broven Station

| Absorber |

Limestone
reparation Bldg
Foundation

Absorber
{ Area Sump

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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Update 1o the 2004 5O - Complianee Straiea)
U S Appendiv - Constnction Plotos - 01 Brown Station

The picture above (dated 3/12/2008) shows a closer view of the FGD area from 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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Upddaie 1o the 2004 SO = Complicin e Straie
Ippendiv - Consiiuction Plotos - B Brovan Station

The picture above (dated 3/12/2008) shows the fire protection/quench water tank and
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 and
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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Updare o the 2004 SO Compliconce Straie 2y
U S Appenchiv - Comtincrion Photos 1T Brown Staiion

New Training Building |

New Warehouse

The above photo (dated 3/12/2008) shows the balance-of-plant work that has been done
to install new electrical manholes and underground ductbanks for the conduits to contain
power, controls and communications cables between the existing plant and the new FGD
itemns in addition to new fire hydrants and new underground fire protection piping that
have been installed.
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Cpddare pothe 2004 50 Complicnce Stiaicy
Appendiv - Consiruciion Plotos - 000 Broawa Sidion

The above photo (dated 3/12/2008) shows the new warehouse.

Page 25 of 37



Update 1o the 2004 SO> Compliance St aregy
Mareh 2008

Appendix 2
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Uipdate to the 2004 SO Compliance Strategy
U S Appendiv 2- General Sty Assumptions

e Base Case: Scrub Ghent consistent with the Commission’s Qrder in Case No.
2004-00426. Scrub Brown with an in-service date in 2010.

e 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 preduction costs include Hems such as fuel, O&M and purchase power and are estimated
using the PROSYM production model. This model was run for the 2008-2028 time 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/lax life and an in-service date after 2008 would have the last
years of their life excluded from the revenue requirement calculation if capital cosls impacts were
halted at 2028. Doing so would have the effect of underestimating the capital cost of alternatives
and would favor construction of new projects. Therefore, {0 completely account for capital
projects costs over their lifetime, the revenue requirements associated with new capital projects
were extended through the end of their book life.

o KU/LGE continues as a regulated entity subject to the 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.

e C(Capital costs, O&M costs, and the costs of increased emissions (both NO, and SO»)
associated with the addition of new environmental projects will be subject to recovery

through the Environmental Cost Recovery mechanism.

¢ Financial Data

¥ Discount Rate (%) 8.02 %
¥ Federal Income Tax Rate (%) 38.9%
> AFUDC Rate (%) 302 %
¥ Insurance Rate (%): 007 %
¥ Property Tax Rate (%): 0.15%
»  Percentage of Debt in Capital Structure (%): 44.05 %
%> Debt Interest Rate/Weighted Cost of Debt (%): 4 88%
¥ Desired Return on Rate base (%): 8.02%
» Capitalized Inierest Debt Rate (%) 4.88%
> Environmental Projects Book Life (years): 20 years
> Environmental Projects Tax Life {years): 20 years
»  Annual Fixed O&M escalation rate (%): 1.6% (prorated for mid-year instalis)
¥ Annual Variable O&M escalation rate (%): 1.6%

e No unit retirements occur on the Companies’ generating system within the study
period.
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Update to the 2004 SO~ Compliance Straiegy
U_ S_ Appendiv 2- General Study Assumptions
Confidential Information

o SO, Emission Costs (Base Assumption)
Note that the effects of CAIR are reflected in the forecasted price of SO, emissions

allowances.
SO Pri Forecasted SO, Emissions Allowance Prices
7 Price
{8on amitted}
2008 457 1,500
2009 455 1400 4 -
2010 480
2014 524 1300 -
2012 649 1200 | -
2013 873 & o0
2014 733 B
2016 855 Iy %90 | -
2017 CELIE R
2018 917 =
2019 1038 & 700
2020 1099 500 -
2021 1160
2622 1221 500"" " T s M T T e e e e o e
2023 1282 1] 1 I T T
2024 1343
2025 1404 ™ 2 £ = s 2 % = = =z sz @8 a8 5 5 E
2026 1426 £ £ R §E 8 5 EEEE 88 REREEREGSEGEGSAEGSRGRGSR
2027 1449
2028 1472

e Fuel Forecast (Base Assumptions) — Confidential information redacted
o Fuel cost savings associated with serving native load will be returned to the
ratepayer though the Fuel Adjustment Clause mechanism.
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Updearte to the 2004 SO Compliance Strategy
March 2008

Appendix 3
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