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Executive Summary 

Kentucky Utilities Company and Louisville Gas and Electric Company (the “Companies”), as 

part of a continuing review of the environmental regulatory requirements for NO, emission 

reduction under the Clean Air Act, have updated the analysis presented to the Kentucky Public 

Service Commission (“KPSC”) as LEB Exhibit 2 of Bellar Testimony in Case No. 2000-386 and 

as LEB Exhibit 3 of Bellar Testimony in Case No. 2000-439. The Companies have performed an 

evaluation of the next steps in continued NO, compliance. The study was conducted in January 

of 2005 and utilized the most recent information available at that time. 

There have been several significant changes since the last study including a final ruling on the 

Companies’ NO, allowance allocation of 12,447 (assumed to be 11,875 in the previous study) 

and the initial compliance deadline of May 3 1,2004 (assumed to be May 1, 2003 in the previous 

study). Other changes include the addition of early reduction credits (“ERCs”), retirement of 

Green River 1-2 and the update of NO, emission rates for existing units. 

Current projections indicate that, in absence of installing additional NO, control technologies, the 

Companies will have sufficient NO, allowances through the end of 2009 and would be 

dependent on purchasing 152,000 NO, allowances over the 2010-2025 timefiame to comply. To 

mitigate the exposure created by purchasing such a large volume of allowances the construction 

of SCRs were evaluated at both Brown 3 and Ghent 2. The Ghent 2 SCR was more favorable, in 

that it reduced the PVRR by $2 million compared to the Brown 3 SCR installed in the same year. 

Assuming a three-year SCR construction schedule, the Companies anticipate being able to refine 

cost estimates and monitor the development of relevant issues (i.e. NO, market etc) through the 

end of 2006 and still allow construction of the next technology in time to address the 2010 need. 

The Companies will continue to maintain flexibility in their implementation of the NO, 

compliance while keeping a close watch on legislative activities, technology enhancements, 

regulatory rulings and judicial actions in order to meet the on-going emissions reduction 

requirements in a prudent and least-cost manner. 
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I. Introduction 

In August 2002 Kentucky Utilities Company and Louisville Gas and Electric Company 

(“Companies”), as part of a continuing review of the environmental regulatory requirements for 

NO, emission reduction under the Clean Air Act, updated the analysis presented to the Kentucky 

Public Service Commission (“KPSC”) in Case No. 2000-386 and in Case No. 2000-439. That 

update was subsequently filed within the Companies’ 2002 Integrated Resource Plan (“IRP”) in 

Case No. 2002-00367. The current analysis, conducted in January of 2005, utilizes the most 

recent information available and serves to 

(1) Summarize the technologies currently installed and their performance during the 2004 
ozone season (May 3 1 -Sept 30). 

(2) Quantify the Companies current position in regard to NO, emissions. 

(3) Forecast future NO, emissions and identify when the next NO, removal technology is 
needed. 

(4) Provide preliminary estimates on the environmental impact and relative cost of 
subsequent SCR installations at various locations and times. 

(5) Develop a low cost, NO, compliance strategy that maintains flexibility for future 
legislative, regulatory, or judicial changes. 

11. Background 

The NO, SIP Call was promulgated under Title I of the Clean Air Act Amendments of 1990. 

Title I requires all areas of the country to achieve compliance with the National Ambient Air 

Quality Standards for ozone, or ground-level smog. In September 1998, the Environmental 

Protection Agency (“EPA”) finalized regulations (the NO, SIP Call) to address the regional 

transport of NO, and its contribution to ozone non-attainment in downwind areas. EPA’s final 

SIP Call requires 22 Eastern states (including Kentucky) and the District of Columbia to revise 

their State Implementation Plans (“SIPS”) to achieve additional NO, emissions reductions that 

EPA mandated as necessary to mitigate the transport of ozone across the Eastern half of the 

United States. The final rule is intended to assist downwind states so that they can achieve 

compliance with the ozone standard. EPA maintains that NO, emissions from the identified 
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states “contribute significantly” to non-attainment in downwind states and that the SIPS in these 

states are therefore inadequate and must be revised. The final rule required electric utilities in the 

22-state area to meet a seasonal (May - September) NO, tonnage limit beginning May 1, 2003. 

Subsequent amendments to the final rule changed the coverage of the program to just 19 states 

and extended the first season of compliance to begin May 3 1,2004. 

Directly related, Northeastern states filed “Section 126” petitions to the EPA to require 

reductions from certain electric utility plants (including all plants in and East of Louisville). 

EPA concurred and promulgated regulations requiring NO, emission reductions very similar to 

those required under the NO, SIP Call. 

Eight states, the United Mine Workers of America (“UMWA”), and various industry groups 

appealed EPA’s final NO, SIP Call rule and the Section 126 rule to the U.S. Court of Appeals for 

the District of Columbia Circuit. The cases have been consolidated (State of Michigan v. EPA, 

No. 98-147) and the D.C. Circuit Court issued an order in December 1998 granting the parties’ 

motion for expedited briefing to be completed by August 1999. On May 25, 1999, the D.C. 

Circuit issued an indefinite stay of the September 30, 1999 deadline for SIP submittal. 

Consequently, Kentucky suspended their NO, SIP submittal efforts. The D.C. Circuit ruled 

against the appeal. However, due to delays in establishing a final regulatory program, on April 

30,2002 the compliance deadlines for both programs were harmonized to be May 30,2004. 

The EPA SIP Call NO, emission tonnage cap went into effect during the ozone season (May 

through September) of 2004. The EPA set a utility NO, budget in Kentucky of approximately 

37,000 NO, allowances for the ozone season. The number of NOx allowances that the 

Companies would receive remained uncertain until April 11, 2002, when the USEPA approved 

the Kentucky Division for Air Quality’s SIP submittal, which finalized that the Companies will 

receive 12,447 tons per ozone season for the years 2004-2006 after a 5% holdback for new 

sources. 
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111. Significant Changes Since the 2002 IRP 

There have been several significant changes since the last study in 2002. The most significant 

changes are discussed in the following paragraphs. 

Allowance Allocation: The Kentucky allowances are distributed among units based on their 

heat input during previous ozone seasons. The initial allocation (2004-2006) is based on 1998- 

2000 heat input and the allowances associated with the 2004-2006 period remains unchanged in 

this analysis. The next NO, allocation (for 2007-2009) will be based on 2001-2003 heat input, 

and so on. Currently the Companies’ allocation for 2007-2009 is unknown, but is estimated to be 

12,571. Allocations for subsequent time periods are shown below. The allocation by unit for the 

2004- 2006 time period can be found in Appendix B. 

EPA Allocated NO, Allowances 

- Year - KU LGE* Total * 
2004 6,764 5,683 12,447 
2007 6,569 6,002 12,571 
201 0 14,814 12,295 27,109 
201 5 12,345 10,246 22,591 

*Only LGEs portion of Trimble 1 (75%) allowances are included. 

Annual N0,Emissions and Allowance Allocations 
(Combined Company) 

40,000 

3 5 , m  ................................................................ 

to 12 months 
.............................................................. 30.000 -. . . . .... 

Phase I 1  of Clean Air Interstate Rule (2015) 

Phase I of Clean Air Interstate Rule (2010) 

10,000 1 

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 

-Combined Company EPA Allocated NOx Allowances 
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Clean Air Interstate Rule (“CAIR”) ; On December 17, 2003, EPA proposed rules to 

require significant additional reductions/limits for SO2 and NO,, to further reduce Ozone and 

PM2.5 (“fine particulates”). These were published in the Federal Register on January 30, 2004. 

They would generally apply to the eastern 25-28 states (minus New England) and the District of 

Columbia (list of states provided below). 

Implementation would be based on a “cap-and-trade” or “allowance program” similar to the 

Acid Rain and NO, SIP Call Programs. 

EPA would allocate predetermined numbers of SO2 and NO, allowances to each 

state and the individual states determine how to allocate these to individual units. 

0 States will be allocated a set number of allowances annually during Phase I 

(2010-2014), and a reduced number of allowances annually during Phase I1 (2015 and 

beyond). 

0 

0 

the requirements within 18 months of EPA’s Final Rule. 

NO, emissions will count year-round (not just during the ozone season). 

States are to submit their State Implementation Plans (“SIPS”) for implementing 

In May 2004, EPA issued a Supplemental Rule, providing more details and model cap-and-trade 

programs for power plants that states may adopt to achieve required emissions reductions. 

EPA’s Fact Sheet issued with the Supplemental Rule states that it expects to complete this 

rulemaking by the end of 2004, which would make SIP submittals due in mid-2006. The EPA 

has subsequently delayed the completion of the rulemaking until March 2005. Expectations are 

that SIP submittals will be delayed until later in 2006 as a result. Because EPA has formally 

made a finding that certain states are significantly contributing to other states’ non-attainment of 

health-based air quality standards and has begun the rulemaking process, it is almost certain that 

reduction requirements of this nature will be finalized. 

The EPA states that: 

0 SO2 emissions would be reduced by 3.6 million tons in 2010 (approximately 40 

percent below current levels) and by another 2 million tons per year when the rules 

are fully implemented (approximately 70 percent below current levels), and 
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0 

annually in 201 5 (about 65 percent below today's levels). 

with other recently completed environmental compliance evaluations, the restrictions 

NO, emissions would be cut by 1.5 million tons in 2010 and 1.8 million tons 

imposed by C A R  are implemented beginning January 1,201 0 in this analysis. 

Early Reduction Credits ("ERC"): As in the 2002 evaluation, the current study has 

incorporated an allocation of Kentucky's ERCs. The 2002 evaluation used a conservative 

number of 1,500. Since the completion of the 2002 evaluation the final number of ERC has been 

determined. As such, this study reflects an actual allocation of early reduction credits totaling 

2,841. 

Base NO, - Emission Rates: The base NO, emission rate for each unit was updated to reflect 

the unit's most recent emission rate. This included reflecting the installation of new NO, control 

technology additions where appropriate. The Base NO, emission rates for each unit can be found 

in Appendix A. 

Retirement of Green River Units 1-2: Green River Units 1 and 2 were completed in 1950 and 

provided 25 MW of gross generation each. In 2003, these units were 53 years old. Having 

operated past their design lives, these units ran a greater risk of catastrophic failure than other 

units. The challenges facing the units, the necessary actions to remedy those situations as well as 

their associated cost were explained in detail in the evaluation titled Phase II Evaluation of the 

Economic Viability of Green River Units I and 2. The aforementioned evaluation was provided 

to the KPSC in Case No. 2003-00434, Response 15.b(l) in the Second Data request of the 

Commission Staff. Green River Units 1 and 2 were operationally retired December 31, 2003 for 

economic reasons and subsequently have been removed from the current analysis. 

IV. 2004 Ozone Season Compliance 

The period of May 31, 2004 through September 30, 2004 was the "first ozone season" in which 

the Company had to comply with the EPA's SIP Call NO, emission tonnage cap. The 2004 

ozone season NO, emissions for the combined companies met the regulatory requirements by a 

margin of 39% (5,987/15,288). Results for the first ozone season are shown in the table below. 

The margin calculation of 39% includes ERCs and the full five-month NO, allowances granted 
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to the Companies by the EPA for the 2004 ozone season. The 5,987 NO, allowances that were 

not surrendered remain in the bank of credits available to the corporation for future emissions. 

The Companies NO, allowance bank is now approximately 50% of the allowances awarded for a 

full ozone season. 

2004 OZONE SEASON PERFORMANCE SUMMARY 
Actual NO, Emissions vs. NO, Allowances Allocated 

EPA Total Early Total Actual NO, Variance in 

/2004-2006) JERCs) Available LMav 31-Sep 30) Emissions 
Annual Allocation Reduction Credits NO, Allowances Emissions NO, 

KU Total 6,764 954 7,718 5,162 -2,556 
LGE Total 5,683 1.887 7.570 4.139 -3,431 

Combined Companies 12,447 2,841 15,288 9,301 -5,987 

Notes: Excess Allowance Margin: 39% 
Negative indicates actual emissions were below the €PA allowance levels. 
Allowance allocations and emissions based on LGE's 75% ownership of Trimble County 1 

As explained previously, 2004 NO, emission allowances were granted for May 1 - September 

30, but emissions reporting requirements in 2004 were May 31- September 30. By estimating 

the NO, allowances for May 31 - September 30, and comparing the actual emissions for the 

same time period, it can be determined that the Companies complied with regulations by a 

margin of 9% during the May 31 - September 30 reporting period. This approach more 

accurately reflects the performance of the Companies NO, reduction systems during the 2004 

regulatory period. 

2004 Reporting Season Performance Estimate 
Actual NO, Emissions vs. NO, Allowances Allocated 

Estimated EPA Actual NOx Variance in 

jMav 31 -Sep 30) (Mav 31 -Sep 30) Emissions 
Annual Allocation Emissions NO, 

Combined Companies 10,267 9,301 -966 

Excess Allowance Margin: 9% 
Notes: 
Negative indicates actual emissions were below the EPA allowance levels. 
Allowance allocations and emissions based on LGE3 75% ownership of Trimble County I 

IV. Current NO, Allowance Position 

Projections indicate that the banking of NO, allowances will not continue over the long-term. In- 

fact, in absence of the installation of additional NO, control technologies the Companies are 
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expected to begin to draw down the number of banked NO, allowances starting in 2005. 

Projections are that the Companies will experience a shortfall of 483 tons by the end of year 

2010. Once depleted the Companies must either reduce NO, emissions, purchase NO, 

allowances from the allowance market or a combination of both. The total number of allowances 

projected to be purchased in absence of implementing additional NO, control would exceed 

152,000 tons. The following graph shows the depletion of the Companies' NO, allowance bank 

over time. A detailed study entitled 2004 SO2 Compliance Strategy was completed in November 

of 2004. This analysis assumes the SO2 control technologies recommend by the November 2004 

analysis are implemented and are a part of the Base Case plan. 

-40,000 

a 60,000 
Y 

- g -  
5 -80,000 

.n tloo,ooo 

j120 ,ooo 

0 

E 

The following figure depicts the Companies' projected ozone season NO, emissions and 

anticipated annual allowance allocations. C A R  Phase I will increase the Companies' annual 
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Annual N0,Emissions and Allowance Allocations 
(Combined Company) 

40,000 

35,000 

30,000 I- / 

v) 

E 

Combined Company 
EPA Allocated NOx 

Phase I1 of Clean Air Interstate Rule (2015) 

Phase I of Clean Air Interstate Rule (2010) 

&Base Case (w/ FGDs @ Gh234Br123) 

z 

10,000 
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 

-Combined Company EPA Allocated NOx Allowances 

NO, allowance allocation to 27,109 tons, based on a 12 month ozone season. Projected 

emissions during the same time are expected to increase to over 30,000 tons annually. 

Logically, NO, control technologies should be constructed at those locations which are projected 

to be the major contributors to the Companies' NO, allowance shortfall. 

Percent of Total Projected NO, Emissions By Station 
(2 005-2 0 25) 

Peakers B~~~ 1 Trimble 1-2 3% Brown 2 Mill Creek 3-4 5% Rrnwn 3 

1% 6% Cane Run 4 Tyrone  3 Gr River 3-4 
5 %  3% 6% 
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The most significant contributors to the Companies’ NO, emissions over the next twenty years 

are projected to be Ghent 2 and Brown 3. Together, these two units comprise over 25% of the 

Companies’ future NO, emissions. Any long-term compliance strategy must, at a minimum, 

reduce the NO, emissions from these two locations. 

V. NO, Compliance Plan Analysis 

The Companies conducted the new analysis using the detailed production cost model, 

PROSYMTM, and a detailed financial model, Strategist’s Capital Expenditure and Recovery 

(“CER’) module. 

PROSYMTM can perform a detailed analysis that takes into consideration the following items: 

Economic dispatch 
NO,-affected dispatch 
Ability to purchase NO, allowances 
New units 
Multi-year compliance 
Consideration of all units in NO, tonnage cap 
More detailed calculation of revenue requirements 

PROSYMTM is capable not only of simulating the economic dispatch of the generating units but 

also of simulating the NO,-affected dispatch of the generating units. Appendix B contains some 

general study assumptions including a summary of financial assumptions used in the CER and 

the market price forecast for SO2 and NO, allowances. Note that the assumptions used in this 

update are identical to the assumptions used in the Companies’ 2004 SO2 Compliance Strategy. 

The CER module of Strategist allows the user to examine the book, tax, and regulatory 

accounting effects for construction alternative(s) and calculates the present worth of revenue 

requirements for each project 

Discussion of Alternatives 

The Companies’ approach to NO, compliance is currently and has been in the past to “over- 

comply” on some units rather than devising a plan that would lower each individual unit’s NO, 

emissions to levels below its allocated allowances. The excess allowances from the units that 

over-comply would be used toward the units that did not have the allowances needed to comply. 

Page 12 of 44 



This is the same approach taken by the Companies for SO2 compliance purposes. To address the 

Companies' projected shortfall, and for purposes of this update, the SCR technology was the 

only NO, emission reduction technology evaluated. SCRs are a proven technology and one in 

which the Companies have operational experience. The SCR retrofits were considered at Brown 

3 and Ghent 2 and were installed in 2010; the year in which current projections indicate the 

Companies will NO, allowance bank will become depleted. 

The table below enumerates the four options considered in this evaluation. Option 0, which is the 

Base Case, has no additional NO, control technologies installed other than what exists on the 

Companies' generation system today and would represent a 100% reliance on the NO, allowance 

market. It should be noted that dependence on the allowance market does not come without risk. 

Appendix F shows that the NO, allowance market varied greatly in 2004, varying from a 

minimum of $1,73S/ton to a maximum of $2,750. As previously mentioned, the Base Case does 

assume the Companies will meet its SO2 Compliance shortfall as recommended in the 2004 SO2 

Compliance Strategy. 

Individual NO, Control Alternatives 

NO, Technology Total Capital 
Option Description In-Service Date Cash Flow ($000) 

0 BaseCase nla nta 
1 Brown 3 SCR January 1,2010 $76,416 
2 Ghent 2 SCR January 1,2010 $92,544 
3 Ghent 2 SCR January 1,2008 $87,232 
4 Brown 3 SCR January 1,2016 $91,243 

Notes: 
Total Capital Cash Flow ($000)'' represents the sum of annual 
construction costs. 

Detailed inputs including fixed and variable O&M expenses, derates and NO, reduction 

percentages associated with each technology can be found in Appendix C. 

In order to develop a least cost strategy, the individual alternatives were also combined in an 

effort to further reduce the revenue requirements associated with NO, compliance. As a result, 

six different cases were modeled (including the Base Case) and evaluated to determine which 

plan produced the least cost revenue requirements. The following defines the six cases evaluated. 
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Definitions of Cases Evaluated 

Base Case: (Option 0) Starting point for this update and assumes existing NO, control 

equipment only (i.e. No additional NO, control equipment is placed in-service 

during the study period). Assumes scrubbers are installed at Ghent 2-4 and 

Brown 1-3 as recommended in 2004 SO2 CompZiance Strategy. Allowances are 

purchased on an as-needed basis in the year of need and environmental dispatch 

on the Companies' generation system continues. 

Case0 1 : 

Case02: 

Case03 : 

Case04: 

CaseOS: 

(Base Case + Option 1) Constructs an SCR in the Base Case on Brown 3 in 

2010. Allowances are purchased on an as-needed basis in the year of need and 

environmental dispatch on the Companies' generation system continues. 

(Base Case + Option 2) Constructs an SCR in the Base Case on Ghent 2 in 

2010. Allowances are purchased on an as-needed basis in the year of need and 

environmental dispatch on the Companies' generation system continues. 

(Base Case + Option 3) Constructs an SCR in the Base Case on Ghent 2 in 

2008. Allowances are purchased on an as-needed basis in the year of need and 

environmental dispatch on the Companies' generation system continues. 

(Base Case + Option 1 + Option 2) Constructs an SCR in the Base Case on 

Brown 3 in 2010 and Ghent 2 in 2010. Allowances are purchased on an as- 

needed basis in the year of need and environmental dispatch on the Companies' 

generation system continues. 

(Base Case + Option 2 + Option 4) Constructs an SCR in the Base Case on 

Ghent 2 in 2010 and Brown 3 in 2016. Allowances are purchased on an as- 

needed basis in the year of need and environmental dispatch on the Companies' 

generation system continues. 



A production cost projection (using PROSYMTM model) and a capital cost projection (using the 

CER model) was made for each case. A n y  NO, (or SOZ) allowance shortfall could be purchased 

from the respective allowance market at the forecasted market prices for that year as shown in 

Appendix B. Consistent with other studies of this type, allowances transfers between Companies 

were permitted for compliance. 

NOX 
PmduUiO" cJiou.nca 

Results of Analysis 

Fint Y u r o f  Fint Year d 
xn =* NO, TotalSO, To(.iNO. 

AlIaw."E. i"cnmnt.i A l ia r . "~  cJIou."c. Allou.na. Al1w.na. 

The table below summarizes the results of the six Case runs. For ease of comparison the total 

present value revenue requirement ("PVRR") of 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, AZZowance Costs: represent the revenue requirements associated with the 

purchasing of any NO, allowances. 

3. AZZowance Costs: represent the revenue requirements associated with the 

purchasing of any SO2 allowances. 

4. Capital Costs: represent the revenue requirements associated with any capital 

expenditures for the case. 

In addition to cost information, other relevant information pertaining to each Case is shown. 

Information such as the total number of SO2/NO, allowances purchased over the study period 

and the year in which the SO2/NO, allowance bank is depleted. 
Case Summary 

(Assuming: Base Ca~itai Costs. Base SOI/NO. Forward Price ForecastJ 

Wuo2. IlrU O N  SCR 2010 
CaseOl- Ease + 66 SCR 2010 
CaseO3- Base + Gh2 SCR 2008 

Case04- Base + BO 8 Gh2 SCR 2010 

13.893.847 
13.691.231 

13.712.103 

88.738 
70.149 
39.843 
19.618 

162.783 
162.187 I 

905250 
889.174 
913,044 
964.988 
981.431 

14.834.745 38.699 

14.875.339 79.293 671.063 

Purchasd 1 24.530 

152.403 

94.476 
77.371 
44.070 

L1,too 

The PVRR of each Case is compared to that of the Base Case. The Base Case is the first case 

listed in the table. All other cases follow in increasing order of PVRR. For example, Case02 is 

$36.732 million (PVRR) more expensive than the Base Case but significantly reduces the 
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dependence on the NO, allowance market by delaying the first year of NO, allowance market 

purchases until 2016. The table above is summary of the annual data associated with comparing 

each Case to the Base Case, which can be found in Appendices D and E. Appendix E further 

breaks down the annual data and contains a by unit summary of the NO, emission rates and 

annual tons emitted by each unit in the Companies’ generation system. 

The following is a detailed description of the results of each case. 

Base Case - is a case where no NO, compliance options were implemented except for an 

emission dispatch adder for NO,. PROSYMTM penalized the dispatch cost of each unit based on 

the unit’s expected NO, emissions at a rate equal to the forecast price of NO, allowances as 

shown in Appendix B. This emission affected dispatch is identical in implementation to the SO2 

adder that has been in use since 1995 for the KU system and since 2000 for the LG&E system. 

The NO, adder is in addition to the SO2 adder. The case emits 605,043 tons of NO, from 2005 

through the end of the study period. 

The PVRR is $14,796 million and consists of $13,671 million in production costs and $813.0 

million in capital costs (these costs are for the wet scrubbers at Ghent and Brown and associated 

Brown Ash pond work), $164.1 million in SO2 allowance market purchases and $147.1 million 

in NO, allowance market purchases. The Companies deplete their combined NO, allowance 

bank and are forced to procure NO, allowances from the market beginning in 2010. As with 

other plans that follow, the production costs are for total system and the capital costs are due 

only to environmental compliance options. 

This case is shown only for comparison purposes. It is highly unlikely that the Companies would 

be able to purchase enough allowances to comply with the regulation. In addition, having to 

obtain such a large volume of allowances would most likely drive up the overall allowance 

purchase price. 

CaseOl-Br3 SCR in 2010- is a case developed to evaluate the economics of installing an SCR on 

Brown 3 at the time the Companies’ depletes its NO, allowance bank. In this case, the Brown 3 

SCR would be the Companies’ next and only NO, control technology installed. Case01 reduces 

the annual NO, emissions by approximately 3,500 tons. With total NO, emissions over the study 
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period reduced to just over 547,100 tons, the depletion of the NO, bank is delayed until 2015. 

The total amount of NO, allowances purchased in this case was second only to the Base Case 

with over 94,400 NO, allowances purchased over the study period. 

The PVRR is $14,834 million and consists of $13,693 million in production costs, $889.2 

million in capital costs, $163.0 million in purchased SO2 allowances and $88.7 million for the 

purchase of NO, allowances. The total PVRR of this case exceeds those of the Base Case by 

$38.7 million. This case meets the requirements of the annual NO, tonnage limits through 2015 

and complies through the end of the study period by purchasing NO, allowances. 

Case02-Gh2 SCR in 2010- is a case developed to evaluate the economics of installing the Ghent 

2 SCR instead of the Brown 3 SCR at the time the Companies' NO, allowance bank is projected 

to expire. In this case, the Ghent 2 SCR would be the next and only NO, control technology 

installed. All other technologies are the same as in the Base Case for all units. The Ghent 2 SCR 

results in a reduction in the annual NO, emissions by over 4,000 tons from the Base Case. 

The PVRR of this case is $14,832 million and consists of $13,689 million in production costs, 

$905.3 million in capital costs, $163.3 million for the purchase of SO2 allowances and $74.6 

million for the purchase of NO, allowances. The total cost of Case02 exceeds the Base Case by 

$36.7 million. Construction of the Ghent 2 in 2010 delays until 2016 the need to purchase NO, 

allowances. Compliance through the end of the study period is obtained by purchasing of NO, 

allowances. 

The detailed PROSYMTM runs confirm that the Ghent 2 SCR in 2010 is approximately $2.0 

million more favorable than construction of an SCR on Brown 3 in the same year. This case also 

has a cumulative PVRR of $36.7 million more than the Base Case. 

CaseO3-Gh2 SCR in 2008- is Case02 but with the Ghent SCR installation schedule accelerated 

to allow for an in-service date of 2008. All other technologies are the same for all units. The 

purpose of this case was to evaluate whether or not accelerating the most attractive SCR option 

(Ghent 2 in 2010) improves the economics over a 2010 install. The results indicate that 

installing the Ghent 2 SCR in 2010, based on the assumptions used in this analysis, is more 

favorable than, installation in 2008. 
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The PVRR is $14,837 million, approximately $5 million higher than a 2010 installation of the 

Ghent 2 SCR. While NO, purchase cost decreased by about $5 million, the increase in capital 

costs of $10 million associated with accelerating the project offset any potential benefits 

compared to CaseO2. This case also has a cumulative PVRR of $41.5 million more than the Base 

Case. 

Cuse04-Gh2 SCR 2010, Br3 SCR 2010- is a case that combines the most attractive Ghent 2 SCR 

option (Ghent 2 SCR in 2010) with the Brown 3 SCR in 2010. The purpose of this case was to 

evaluate the economics associated with a simultaneous installation of SCRs at Ghent and Brown. 

This case reduces the number of NO, allowances purchased and NO, tons emitted to the lowest 

of any of the cases evaluated in this update. By reducing NO, emission to 477,170 tons over the 

study period, a shortfall of only 24,530 tons remained with the first NO, allowance market 

purchase not occurring until 202 1. 

The PVRR associated with this case is $14,875 million and consists of $13,712 million in 

production costs, $981.4 million in capital costs, $162.2 million for the purchase of SO2 

allowances and $19.6 million for the purchase of NO, allowances. While the total cumulative 

cost for this case is higher than the Base Case there is substantially less NO, market exposure 

associated with the simultaneous installations of SCRs at Ghent and Brown. This case also has a 

cumulative PVRR of $79.3 million more than the Base Case. 

Cuse05-Gh2 SCR 2010, Br3 SCR 2016- is Case02 with an SCR added at Brown 3 in 2016. The 

year 2016 is the first year that Case02 was required to make NO, allowance market purchase in 

order to comply. The purpose of this case is to determine whether it is less costly to delay the 

Brown SCR until the year in which the NO, allowance bank would, in absence of an SCR at 

Brown 3, become depleted. This case reduces the number of NO, emissions over the study 

period to 496,710 tons from 605,043 tons in the Base Case and begins NO, allowance market 

purchases in 2016, just as in Case02. So the installation of the Brown 3 SCR in January of 2016 

does not reduce NO, emission enough to delay the need to participate in the NO, allowance 

market. This case required the purchase of 44,070 NO, allowances through the end of the study 

period, second only to Case04 for the fewest in any of the cases evaluated. 



The PVRR is $14,868 million and consists of $13,700 million in production costs, $965.0 

million in capital costs, $39.8 million for the purchase of NO, allowances and $162.8 million for 

the purchase of SO2 allowances. The total cumulative cost for this case is less than Case04, so 

the delay of the Brown 3 SCR until 2016 was favorable to the economics by approximately $7 

million (compared to Case04). However, the Case still has a cumulative PVRR of over $72.5 

million more than the Base Case. 

As previously mentioned an annual summary of all the case costs and emissions can be found in 

Appendices D and E of this document. 

V. Summary and Recommendation 

NO, control equipment currently installed on the Companies' generation system is projected to 

be sufficient until the 2010 timeframe when the NO, allowance bank is expected to become 

depleted. This coincides with Phase I of the CAR.  At that time the Companies will have to 

further reduce NO, emissions, purchase NO, allowances from the allowance market or a do both. 

This evaluation considered SCR installations at the two largest sources of NO, emissions on the 

Companies system; Ghent 2 and Brown 3, the purchasing of allowances and a combination of 

new SCR installations and purchasing of NO, allowances. Of the cases considered in this 

evaluation, the construction of an SCR on Ghent 2 in 2010 is the least cost manner in which the 

Companies can lessen reliance on the NO, allowance market and is slightly more favorable than 

an SCR on Brown 3 .  While the 2010 SCR at Ghent 2 does reduce NO, allowance market 

purchases from 152,000 to just over 8 1,000 it does not eliminate the Companies' dependence on 

the NO, allowance market for compliance beginning in 201 6. 
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NO, Allowance Bank Projection 
(Combined Company) 
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Compared to the Base Case the Ghent 2 SCR is projected to reduce annual NO, emissions by 

4,000-5000 tons enabling the Companies' NO, allowance bank to increase during the 2010-2013 

time period. In 2013, the bank reaches a level of just over 6,400 tons and is once again depleted 

by 2016, the 2nd year of CAR Phase 11. 
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Based on the current analysis the Companies should plan for additional NO, control technologies 

being required around 2010 in order to comply with environmental legislation. Given the large 

volume of NO, allowances projected to be purchased from the NO, allowance market in absence 

of additional controls, the Companies should continue to refine cost expectations pertaining to an 

SCR being constructed at Ghent 2 and at Brown 3. This analysis favors the installation of an 

SCR at Ghent 2 over that of Brown 3, but monitoring the construction costs at both locations 

should be continued to confirm the relative benefits of Ghent 2 over Brown 3 exist as the 2010 

time period approaches. Assuming a three-year SCR construction schedule, the Companies 

anticipate being able to refine cost estimates and monitor the development of relevant issues (i.e. 

NO, market etc) through the end of 2006 and still allow construction of the next technology in 

time to address the 2010 need. 

The Companies will continue to maintain flexibility in their attainment of NO, compliance while 

keeping a close watch on legislative activities, technology enhancements, regulatory rulings, and 

judicial actions in order to meet the on-going emissions reduction requirements in a prudent and 

least-cost manner. 
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Base NO, Emission Rates 

NO, 
Emission 

Unit /I b/M btu) 
Brown I 0.500 
Brown 2 0.320 
Brown 3 0.270 
Ghent 1 0.380 
Ghent 2 0.300 
Ghent 3* 0.035 
Ghent 4* 0.035 
Green River 3 0.390 
Green River 4 0.380 

- 

Tyrone 1 0.200 
Tyrone 2 0.200 
Tyrone 3** 0.3400 
Brown 5 0.090 
Brown 6 0.090 
Brown 7 0.090 
Brown 8 0.120 
Brown 9 0.120 
Brown 10 0.120 
Brown 11 0.120 
Haefling 0.440 

- Unit 
Cane Run 4** 
Cane Run 5** 
Cane Run 6** 
Mill Creek I * *  
Mill Creek 2* 
Mill Creek 3* 
Mill Creek 4* 
Trim ble 1 * 
Cane Run 11 
Paddy's Run I 1  
Paddy's Run 12 
Paddy's Run 13 
Trimble 5 
Trim ble 6 
Trimble 7 
Trimble 8 
Trimble 9 
Trim ble 10 
Waterside 7 
Waterside 8 
Zorn 

* Unit has increased rate at low load levels. 
*'Varies, value shown is unit's minimum emission rate. 

NO, 
Emission 
JlblMbtu) 
0.320 
0.341 
0.274 
0.250 
0.250 
0.037 
0.035 
0.035 
0.440 
0.440 
0.440 
0.090 
0.056 
0.056 
0.056 
0.056 
0.056 
0.056 
0.440 
0.440 
0.440 
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General Assumptions 
0 Study Period: 20-year period for Production Cost impacts (2005-2025) 

30-year period for Capital Costs impacts (2005-through book life of project) 

The production costs include items such as fuel, O&M, purchase power etc and are estimated 
using the PROSYMTM production model. This model was run for the 2005-2025 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 bookhax life and an in service date after 2005 would have the last 
years of their life excluded from the revenue requirement calculation if capital costs impacts were 
halted at 2025. Doing so would have the affect of underestimating the capital cost of alternatives 
and would favor construction of new projects. Therefore, to completely account for capital 
projects costs over their lifetime, the revenue requirements associated with new capital projects 
were extended through the end of their book life. 

0 KU/LGE continues as a regulated entity subject to the oversight of the Kentucky Public Service 
Commission and that the Commission continues the requirement of the Companies implementing the 
least cost strategy to the benefit of the native load ratepayers. 

The capital costs, O&M costs and the costs of increased emissions (both NO, and SO2) associated with 
the addition of new environmental projects will be subject to recovery through the Environmental Cost 
Recovery mechanism. 

0 Financial Data 
P Discount Rate (%): 
9 
P AFUDC Rate (%): 
9 Insurance Rate (%): 
9 Property Tax Rate (%): 
9 
9 
P 
& 
P 
> 
& 
P 
9 

Federal Income Tax Rate (“YO) 

Percentage of Debt in Capital Structure (%): 
Debt Interest Ratelweighted Cost of Debt (“YO): 
Desired Return on Rate base (%): 
Capitalized Interest Debt Rate (%): 
Environmental Projects Book Life (years): 
Environmental Projects Tax Life (years): 
Annual capital cost escalation rate (%): 
Annual Fixed O&M escalation rate (“YO): 
Annual Variable O&M escalation rate (%): 

7.26 % 
40.36 % 
7.26 % 
0.07 % 
0.18 % 
46.06 % 
3.16 % 
7.26 % 
3.16 % 
20 years 
20 years 
3.0% 
2.0% 
2.0% 

No unit retirements occur on the Companies’ generating system within the study period. 
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SOz and NO, Emission Costs (Base Assumptions) 

Market Cost per ton of 
s o 2  NOx 

($/ton)($/ton) 
2005 392 3125 
2006 405 3050 
2007 412 2700 
2008 419 2350 
2009 407 2298 
2010 536 1874 
201 1 547 1666 
2012 558 1752 
2013 569 1731 
2014 580 2344 
2015 592 2400 
2016 604 2596 
201 7 616 2656 
2018 628 2668 
2019 641 2674 
2020 653 2713 
2021 666 2807 
2022 680 2833 
2023 693 2861 
2024 707 2918 
2025 721 2977 

1750 

1700 

1650 - 
E 

6 1600 

9 1550 

s - 
YI 

Q $500 

$ 

.I e 
1450 

1400 

$350 

s3w 

\-- ........... 

... 

51.700 f 

0 NO, Allocation By Unit (2004-2006 Ozone Seasons) 
NOx 

- Unit Allowances 
Brown 1 235 
Brown 2 346 
Brown 3 831 
Brown 6 7 
Brown 7 9 
Brown 8 46 
Brown 9 44 
Brown 10 41 
Brown 11 32 
Ghent 1 1093 
Ghent 2 1090 
Ghent 3 1104 
Ghent 4 1113 
Green River 1&2 107 
Green River 3 197 
Green River 4 242 
Pineville 3 79 
Tyrone 182 5 
Tyrone 3 143 
Cane Run 4 389 
Cane Run 5 360 
Cane Run 6 420 
Mill Creek 1 784 
Mill Creek 2 719 
Mill Creek 3 978 
Mill Creek 4 1058 

Trimble Count 1 971 
Total 12,447 

Paddys Run 12 4 

Note: 
Only LG&E portion of Trimble County 1's allowances are included. 
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