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1. INTRODUCTION AND QUALIFICATIONS 1 

Q Please state your name, business address and position. 2 

A My name is Jeremy Fisher. I am a scientist with Synapse Energy Economics 3 

(Synapse), which is located at 485 Massachusetts Avenue, Suite 2, Cambridge 4 

Massachusetts 02139. 5 

Q Please describe Synapse Energy Economics.  6 

A Synapse Energy Economics is a research and consulting firm specializing in 7 

energy and environmental issues, including electric generation, transmission and 8 

distribution system reliability, ratemaking and rate design, electric industry 9 

restructuring and market power, electricity market prices, stranded costs, 10 

efficiency, renewable energy, environmental quality, and nuclear power. 11 

Q Please summarize your work experience and educational background. 12 

A I have ten years of applied experience as a geological scientist, and four years of 13 

working within the energy planning sector, including work on integrated resource 14 

plans, long-term planning for states and municipalities, electrical system dispatch, 15 

emissions modeling, the economics of regulatory compliance, and evaluating 16 

social and environmental externalities. I have provided consulting services for 17 

various clients, including the U.S. Environmental Protection Agency (EPA), the 18 

National Association of Regulatory Utility Commissioners (NARUC), the 19 

California Energy Commission (CEC), the California Division of Ratepayer 20 

Advocates, the State of Utah Energy Office, the National Association of State 21 

Utility Consumer Advocates (NASUCA), National Rural Electric Cooperative 22 

Association (NRECA), the State of Alaska, the Western Grid Group, the Union of 23 

Concerned Scientists (UCS), Sierra Club, Natural Resources Defense Council 24 

(NRDC), Environmental Defense Fund (EDF), Stockholm Environment Institute 25 

(SEI), and Civil Society Institute. 26 
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Prior to joining Synapse, I held a post doctorate research position at the 1 

University of New Hampshire and Tulane University examining the impacts of 2 

Hurricane Katrina. 3 

I hold a B.S. in Geology and a B.S. in Geography from the University of 4 

Maryland, and an Sc.M. and Ph.D. in Geological Sciences from Brown 5 

University. 6 

My full curriculum vitae is attached as Exhibit JIF-1. 7 

Q On whose behalf are you testifying in this case? 8 

A I am testifying on behalf of Sierra Club. 9 

Q Have you testified previously before the Kentucky Public Service 10 
Commission? 11 

A Yes, I have. On September 16, 2011 I filed direct testimony in the joint 12 

application of Kentucky Utilities/Louisville Gas &Electric for a CPCN in similar 13 

dockets (2011-00161 and 2011-00162). 14 

Please identify the Company’s documents and filings on which you base your 15 
opinion regarding the Company’s expectations for and treatment of 16 
environmental compliance costs affecting its fleet of coal plants. 17 

A In addition to the Application for Certificate of Public Convenience and Necessity 18 

(CPCN) with accompanying witness testimony and appendices in this case, I have 19 

reviewed the following data prepared by Kentucky Power Company (KPCo) and 20 

American Electric Power (AEP) (the “Company”, collectively): 21 

 Select input and output data from the Strategist model as used by the 22 

Company in this docket; 23 

 Input and output data from the Aurora model to the extent made available 24 

by the Company; 25 

 Numerous spreadsheet workpapers supplied by the Company in response 26 

to discovery requests by Sierra Club, Staff, and KIUC. 27 
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 Other discovery responses filed by the Company to both Sierra Club and 1 

other parties. 2 

Q Have you based your findings and opinions on the complete set of filings 3 
submitted by the Company? 4 

A Yes, however, the Company’s failure to timely respond to Sierra Club’s data 5 

requests hindered our ability to determine whether additional information relevant 6 

to the Company’s filing exists.  In particular, Sierra Club received incomplete 7 

responses to initial data requests and only received complete responses on 8 

February 27th – four days prior to the original direct testimony deadline and more 9 

than two weeks after the filing deadline for supplemental discovery.1 These 10 

initially withheld responses turned out to be quite crucial in our assessment of the 11 

Company’s plan. It took the entirety of the last two weeks remaining to us to 12 

piece together how the Company arrived at its final conclusion. While the 13 

mechanism by which the Company arrived at its answer was eventually brought 14 

to light, the information in these files raises many more questions that should be 15 

fully explored.  Without questioning motive, we have found numerous key 16 

assumptions obfuscated or incompletely explained. Therefore, I hesitate to say 17 

whether the information supplied by the Company to date presents a complete 18 

picture upon which the Commission and the parties can evaluate the Company’s 19 

filing. 20 

Q What is the purpose of your testimony? 21 

A My testimony details and evaluates specific components of the Company’s 22 

analysis supporting this CPCN application. My testimony reviews both inputs 23 

assumptions and the outcomes from two models used by the Company to support 24 

this filing: STRATEGIST (“Strategist”) and Auroraxmp (“Aurora”). I approach 25 

four significant areas of concern within the Strategist model and supporting 26 

                                                 

1 The Company apparently filed the supplemental response to 1-69 “containing detailed back-up to Exhibit 
SCW-4A through SCW 4-E” on Wednesday, February 22nd, but sent the files to Sierra Club analysts by 
second-day delivery. This mailing was not received until the start of business on Monday, February 27th. 
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workpapers: which capital costs are utilized in the model, how fixed operating 1 

and maintenance costs are portrayed in the model, the treatment of off-system 2 

sales from KPCo, and the adequacy of the sensitivities explored using Strategist. 3 

For both the Strategist and Aurora models, I challenge the assumption that the 4 

Company’s carbon dioxide (CO2) price forecast represents a standard in the 5 

industry or a reasonable assessment of CO2 price risk. Finally, I assess the utility 6 

of and assumptions behind the Aurora model, challenging internal inconsistencies 7 

between stated input assumptions and those actually used in the model, the 8 

derivation of fundamental assumptions and errors in those derivations, the output 9 

of the model as compared against the Company’s other modeling mechanism, and 10 

the use of the model in this filing. 11 

My testimony relies on Strategist modeling conducted by my colleague Ms. 12 

Rachel Wilson, who has also sponsored testimony in this docket, and supports the 13 

conclusions drawn by my colleague Mr. Hornby. The calculations that I present in 14 

this testimony are my own. 15 

Q Are you filing any exhibits with this testimony? 16 

A I have attached the following exhibits to this testimony: 17 

 Exhibit JIF-1: Curriculum Vitae; 18 

 Exhibit JIF-2: Relative cumulative present worth of Options 1, 2, and 4A 19 

under Company and corrected assumptions; 20 

 Exhibit JIF-3: Tables indicating the CPW of Options 1-5 under Company 21 

assumptions and corrected assumptions; 22 

 Exhibit JIF-4: Calculations on capital cost of replacement NGCC; 23 

 Exhibit JIF-5: Streams of carrying charges in Options 1 & 2; 24 

 Exhibit JIF-6: Total capital cost of FGD project and NGCC options from 25 

Weaver, Table 2 (plus AFUDC) versus from Strategist; and calculations of 26 

AFUDC; 27 
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 Exhibit JIF-7: Comparison of CO2 price forecasts government entities, 1 

other electric utilities, industry groups, and Company; 2 

 Exhibit JIF-8: Synapse CO2 price forecast paper, February 2011. 3 

 Exhibit JIF-9: Company results from Strategist with ranges from Aurora 4 

model. 5 

 Exhibit JIF-10: Differences between Aurora and Strategist outcomes; 6 

differences between Aurora and Strategist variables. 7 

 Exhibit JIF-11: Comparison of CPW cost components between Strategist 8 

and Aurora. 9 

 Exhibit JIF-12: Correlations for Aurora from Company in testimony, as 10 

used in Aurora, and as derived from US datasets. 11 

2. SUMMARY AND CONCLUSIONS 12 

Q In your opinion and according to the documents you have reviewed, does the 13 
Application submitted by the Company in this proceeding merit the 14 
requested Certificate of Public Convenience and Necessity and associated 15 
Environmental Surcharge? 16 

A No, it does not. I have found numerous errors, inconsistencies, and flaws within 17 

the workbooks supporting the application rendering the Application inadequate 18 

and incomplete. The application does not support the Company’s contention that 19 

the environmental retrofits at Big Sandy 2 are the least cost solution for 20 

ratepayers. In attempting to reconstruct the Company’s analysis supporting its 21 

contention, I have found multiple circumstances where specific errors or flaws in 22 

the analysis or underlying assumptions have biased the results towards favoring 23 

the retrofits. Correcting these sometimes simple errors leads to the conclusion that 24 

retrofitting Big Sandy 2 is, by a fairly wide margin, the least economical choice 25 

for Kentucky Power Company’s ratepayers.  26 
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In short, the Company has not demonstrated that the retrofit of the Big Sandy 2 1 

unit is warranted given the availability of other, lower cost options for the 2 

Company.  3 

Q Are you suggesting that the decision to retrofit the Big Sandy 2 unit is based 4 
on an erroneous analysis? 5 

A In part, yes. My colleague Mr. Hornby briefly characterizes some of the changes 6 

made in the Company’s analysis over the last few months of 2011. Up through 7 

October of 2011, the Company was still indicating to shareholders that the Big 8 

Sandy 2 unit would be retired because it was not economic to install a flue gas 9 

desulfurization (FGD or DFGD) system.2 One month later, however, the 10 

Company indicated to investors that it would retrofit the Big Sandy 2, not retire 11 

it.3 In at least six presentations from November through December 2011, 4 12 

including some after the Company had requested nearly $1 billion from this 13 

Commission in this CPCN application,5 the Company continued to tell investors 14 

that the retrofit would cost $525 million.6 While the Company attributes at least 15 

one slide (and presumably the five others like it) to a “scrivener’s error,” errors of 16 

the same magnitude are found throughout the analysis underlying this application. 17 

                                                 
2 Attachment to response to Sierra Club DR 1-1.  “ISI Meeting Handout” (October 6, 2011) slide 11, and 
response to Sierra Club DR 2-11. “Although the Company was still reviewing all of the alternatives as of 
this date [Oct 6, 2011], Big Sandy Unit 2 was then being shown as a retirement.”  
3 Attachment to response to Sierra Club DR 1-1.  “Morgan Stanley Office Visit” (November 17, 2011) slide 
22, and response to Sierra Club DR 2-12. “In November 2011, installation of a DFGD on Big Sandy Unit 2 
was the alternative that had been chosen by the Company.” 
4 Attachment to response to Sierra Club DR 1-1 “2011 Fact Book 46th EEI Financial Conference” (Nov. 6, 
2011); “46th EEI Financial Conference Handout” (Nov 7-8, 2011); “Morgan Stanley Office Visit” (Nov. 
17, 2011); “Utilities Week Investor Meeting Handout New York” (Nov. 29-30,2011); “Wells Fargo 10th 
Annual Pipeline, MLP & Energy Symposium Handout” (Dec 7, 2011); “Goldman Sachs 6th Annual Clean 
Energy & Power Conference” (Dec. 9, 2011);  
5 Initial CPCN filing on Dec 5th, 2011. 
6 Attachment to response to Sierra Club DR 1-1.  “Goldman Sachs 6th Annual Clean Energy & Power 
Conference” (December 9, 2011) slide 20, and response to Sierra Club DR 2-13. “In reviewing Slide 20 of 
the Goldman Sachs 6th Annual Clean Energy and Power Conference (December 9,201l), investors would 
have noted that the high end cost for the Big Sandy 2 FGD was stated to be $525 million.” 
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In my assessment, the Company appears to have carried something akin to this 1 

“scrivener’s error” through their supporting Strategist model, resulting in a 2 

surprisingly low capital cost for the FGD as portrayed in their fundamental 3 

Strategist analysis, while simultaneously inflating the expected capital cost of 4 

replacement options by 33-42% in the model relative to values presented in direct 5 

testimony. 6 

Based on evidence provided by the Company, the cost of the FGD retrofit has 7 

remained unchanged since at least June 2011.7 While the Company has not 8 

indicated when it received the estimated cost of replacement natural gas combined 9 

cycle (NGCC) from Sargent and Lundy (S&L), it appears that this estimate was 10 

available to the Company in mid-2011 as well.8 Therefore, it is unclear how or 11 

why the Company’s assessment of the relative economics of retrofitting or 12 

replacing the Big Sandy 2 unit changed just one month before this application was 13 

filed. 14 

Other errors and inconsistencies in the Company’s Strategist analysis, such as the 15 

allocation of all off-system sales for ratepayer benefit (rather than as currently 16 

split with shareholders), a surprising drop in fixed O&M costs for the FGD unit in 17 

2030, and an extremely low “base” CO2 price all appear to favor the Company’s 18 

retrofit decision. Further, the sensitivity commodity prices used by the Company 19 

fail to allow for a reasonable exploration of actual risk. 20 

Inputs into the Aurora analysis, used by the Company as a form of risk 21 

assessment, contain significant calculation errors and are inconsistent with direct 22 

testimony filed by the Company in this case. 23 

                                                 
7 See response to Sierra Club DR 2-10e. 
8 Information embedded in the file “Big Sandy CC Brownfield Build_Option 2 S&L Client Version 
DETAIL.xls” provided in response to Sierra Club DR 1-69 in supplemental response indicates that it was 
“last printed” in May of 2011. 
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Q What is your overall finding? 1 

A When we correct knowable errors within the Company’s fundamental Strategist 2 

analysis, each and every alternative explored by the Company – repowering Big 3 

Sandy 1 as a natural gas unit, replacing the Big Sandy 2 unit with a brownfield 4 

NGCC, or purchasing market power to 2020 to 2025 – are all more cost-effective 5 

than the FGD retrofit by a wide margin. 6 

Figure 1 below (also Exhibit JIF-2) shows the total cumulative present worth 7 

(CPW) of Options 1, 2, & 4A under the Company’s “BASE” assumptions on the 8 

left, and the gap that appears to render Option 1 least cost of these three options. 9 

On the right, I show the results of our analysis after correcting the Company’s 10 

capital carrying costs, an allocation of off system sales (OSS) to shareholders, and 11 

running the model under a low-bound carbon dioxide cost (CO2) representative of 12 

that used by other utilities and organizations. 13 

 14 

Figure 1. Cumulative present worth (CPW) of Options 1 (retrofit), 2 (NGCC replace in 15 
2016), and 4A (market purchase to 2020) under Company Base assumptions (left) and 16 
Synapse revised assumptions and corrections (right). See text for details. 17 
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Q Would you give an overview your testimony structure? 1 

A My testimony largely supports the overarching testimony of Mr. Hornby, and thus 2 

is divided into discrete segments exploring errors and uncertainty in both the 3 

Strategist model and the Aurora model. 4 

 In Sections 3-7, I discuss a series of concerns with the Company’s 5 

Strategist modeling, including assumed capital costs, fixed O&M costs, 6 

off-system sales, and the commodity pricing sensitivities used by the 7 

Company. 8 

 In Section 8, I challenge the reasonableness and basis of the Company’s 9 

CO2 price forecast, and provide alternative options for consideration. 10 

 In Sections 9-13, I examine the Company’s Aurora model and its inputs, 11 

to the extent provided by the Company. I discuss my concerns with the 12 

overall Aurora results, the lack of transparency associated with the use of 13 

this Aurora model, errors and inconsistencies in the underlying 14 

correlations used in this analysis, and deep concerns about the use of this 15 

model to support this particular filing. 16 

 Finally, Section 14 summarizes my conclusions and recommendations. 17 

3. STRATEGIST CONCERNS – OVERVIEW 18 

Q Please describe how the Company has used Strategist to support this filing. 19 

A An analysis based on output from the Strategist model forms the basis of the 20 

Company’s decision to retrofit the Big Sandy 2 unit and directly support Exhibit 21 

SCW-4 in Mr. Scott Weaver’s direct testimony. My colleague Ms. Wilson 22 

discusses in depth how the Company used the Strategist model itself in this 23 

proceeding. I have evaluated the post-model analysis conducted by the Company 24 

and discussed by Mr. Weaver. 25 

My understanding is that the Company has developed a number of input 26 

assumptions used to drive the Strategist model. As Ms. Wilson describes, for the 27 
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purpose of this filing, the Company does not appear to have used the optimization 1 

capability of Strategist, instead “locking in” all resource choices and, in effect, 2 

using Strategist as a production cost model. Certain outputs of the Strategist 3 

model, specific to the KPCo system, are then brought into what I will call the 4 

“Company Strategist Compilation Workbook,” a separate analysis that calculates 5 

the cumulative present worth (CPW) of each option.9 These CPW values are then 6 

used in Exhibit SCW-4.  7 

The Strategist model is used to compute annual fuel costs, contract and market 8 

costs and revenues for energy, fixed and variable O&M costs, and total emissions 9 

costs. Although Mr. Weaver states in his direct testimony that fixed carrying 10 

charges and capacity sales/purchases are also “model outputs,” this is not strictly 11 

the case. Both capital carrying charges and capacity sales/purchases, as used in 12 

this filing, are calculated completely externally to the Strategist model in the 13 

Company Strategist Compilation Workbook.  14 

Also of note is that fixed O&M expenses are input into the Strategist model and 15 

passed, unaltered, out of the Strategist model; because the Strategist model does 16 

not optimize scenarios, these fixed O&M charges are effectively calculated 17 

completely externally to the Strategist model as well. 18 

Q Which elements of the Strategist model, as used in this filing, are of concern? 19 

A Ms. Wilson describes specific elements of the Company’s use of the Strategist 20 

model that are of concern. I will focus on inputs to the model, the Company 21 

Strategist Compilation Workbook, and areas of concern that can be tested quickly 22 

through the Workbook. In particular, I have five areas of concern that are 23 

important in this CPCN application: 24 

1. The treatment of off-system sales out of the KPCo system (Section 4) 25 

                                                 
9 These workbooks were made available in supplemental discovery responses to Sierra Club DR 1-69. 
There is a separate workbook for each Option under each market commodity pricing scenario for a total of 
25 workbooks (as used in this filing). 
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2. The treatment and magnitude of capital expenses and carrying costs in the 1 

Workbook (Section 5), 2 

3. Inconsistent behavior or use of fixed O&M costs as input into the 3 

Strategist model (Section 6), 4 

4. The appropriateness of the “commodity price” sensitivities used by the 5 

Company (Section 7) and 6 

5. The Company’s reference carbon dioxide (CO2) price is far lower than 7 

reference prices used by any other source cited by the Company (Section 8 

8) 9 

It is my opinion that, had the Company correctly portrayed the current split in off-10 

system sales between ratepayers and shareholders, used internally consistent 11 

capital cost expectations, used a CO2 price consistent with other utilities, 12 

consultants, and agencies, or any combination thereof, the outcome of this 13 

analysis would have been very different, and not favorable to the retrofit. 14 

4. STRATEGIST CONCERNS: OFF SYSTEM SALES 15 

Q What is your concern with off-system sales as depicted in the Company 16 
Strategist Compilation Workbook? 17 

A My colleague Mr. Hornby addresses whether off system sales revenues are 18 

appropriately allocated in this CPCN to the correct parties. As he notes, KPCo 19 

currently allocates 40% of off system sales (OSS) revenue to shareholders, not 20 

ratepayers. Presuming that the Company is presenting the Big Sandy 2 retrofit as 21 

the least cost alternative for ratepayers rather than for shareholders, one would 22 

presumably review the benefit for ratepayers – not the Company (i.e. 23 

shareholders). In the current modeling structure, the Company appears to have 24 
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allocated all OSS revenues back to ratepayers, rather than splitting these revenues 1 

with shareholders.10 2 

If the Company expects that the current 40-60 revenue split will continue through 3 

the analysis period, then the expectation of ratepayer benefit assumed in the 4 

modeling should be different. 5 

Q To what extent would sharing off-system revenues with shareholders impact 6 
the net outcome of the Strategist analysis? 7 

A I tested how the split in OSS revenues might affect the outcome of this analysis. 8 

Using the Strategist output of market sales out of KPCo,11 I deducted 40% of the 9 

gross market sales from the KPCo system on an annual basis, and, following the 10 

Company’s method for calculating the total cumulative present worth (CPW), 11 

subtracted the remaining revenues from the stream of costs and calculated a new 12 

CPW. 13 

The result of allocating 40% of OSS revenues to shareholders drives up the cost 14 

seen by ratepayers – but drives it up faster in those scenarios where KPCo has 15 

greater off-system sales, in this case Option 1. The CPW of Option 1 rises by 16 

close to $400 million, while the other scenarios rise by $260-$300 million. 17 

Ultimately, the net effect is to narrow the gap between Option 1 and the other 18 

alternatives – and makes the market purchase options more attractive, even 19 

tipping the balance of Option 4A (market purchases to 2020) into a net benefit 20 

relative to the retrofit (see   21 

                                                 
10 Received from the Company in response to Sierra DR 1-1, the 2011 EEI Fact Book (Nov. 2011) the 
Company reminds investors that Kentucky has an OSS sharing mechanism allocating 60% of OSS to 
ratepayers (p69). 
11 Generation and Fuel Module System Report from Strategist, line “Econ Energy Sales” in KPCO section. 
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Table 1 below; also in Exhibit JIF-3A). Option 4B (market purchases to 2025) 1 

continues to remain less expensive than Option 1. 2 

  3 
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Table 1. Cumulative present worth of revenue requirements (M 2011$): Reanalysis with 1 
adjusted off-system sales. 2 

Cumulative Present Worth of Revenue Requirements (M 2011$) 
Re-Analysis with Adjusted Off System Sales 

  Option #1 Option #2 Option #3 Option #4A Option #4B 

Company Assumptions 

Retrofit Big 
Sandy 2 w/ 

FGD 

NGCC 
Replacement 

BS1 Repower Market to 
2020; NGCC 

in 2020 

Market to 
2025; NGCC 

in 2025 

CPW 6,839  7,075  7,091  6,918  6,791  

Net benefit of retrofit (CPW)   236  252  78  (48) 

Adjusted Off System Sales           

CPW 7,228  7,377  7,394  7,201  7,055  

Net benefit of retrofit (CPW)   149  166  (27) (173) 

5. STRATEGIST CONCERNS – CAPITAL EXPENSES AND CARRYING COSTS 3 

Q What is problematic about capital expenses as used in the Company’s 4 
model? 5 

A I have identified two problems. First, values presented in Mr. Weaver’s direct 6 

testimony in Table 2 (p24) are based on erroneous calculations and double-count 7 

AEP’s 7% overhead in the cost of the replacement natural gas combined cycle 8 

(NGCC or CC) unit. Secondly, and more problematic, relative to values then 9 

stated in Mr. Weaver’s Table 2 and associated discovery12 the capital costs used 10 

in the Strategist model appear to be incorrect. After adjusting for Allowances for 11 

Funds Used During Construction (AFUDC), the Strategist carrying costs are: 12 

 Depressed for the FGD retrofit project by about 11%  13 

 Inflated for the replacement NGCC in Options 2, 4A, and 4B by about 14 

43%, and 15 

 Inflated for the capital cost of repowering in Option 3 by about 33%.  16 

I have not corrected the first error leading to Mr. Weaver’s values in Table 2, but I 17 

have corrected the Strategist carrying costs to be consistent with Mr. Weaver’s 18 

Table 2. Correcting values back to those given by Mr. Weaver dramatically 19 

changes the final outcome of this analysis. In the Company’s base case, the 20 

                                                 
12 The values in Weaver Table 2 (p24) are presented as streams of capital expenses (DFGD, new build-
NGCC, and repowered NGCC at Big Sandy 1) in Sierra DR 1-69 “Capital Cost of BS2 FGD and CC 
Alternatives used in L-T Modeling.xls” 
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retrofit of the FGD is non-economic relative to all other Options by anywhere 1 

from (-$49) to (-$229) M 2011$. The exact nature of this discrepancy is discussed 2 

further, below. 3 

Capital Cost for NGCC inflated by 7% in Weaver, Table 2 4 

Q The first problem you identified is that the capital costs of in Table 2 of Mr. 5 
Weaver’s testimony appear to be overstated. Would you explain further? 6 

A The values in Table 2 can be traced back to at least three separate work papers 7 

provided in response to Sierra DR 1-69 – each one starting where the last left off. 8 

The latter two both add in overhead costs for AEP and therefore overstate the cost 9 

of the NGCC. I trace through the following calculations in Exhibit JIF-4. 10 

 The first paper appears to be a direct estimate summary from S&L and 11 

produces a “Total Project Cost” of $786 M (2011$).13 12 

 The second paper is a summary of the total costs, plus additional costs, 13 

including an AEP Owner’s Cost and the cost of interconnections.14 The 14 

AEP Owner’s cost amounts to nearly 7% of the total project cost and 15 

brings the total from $790 to $844 M (2011$).15 Between the 16 

interconnection cost and escalating the cost to nominal dollars, the final 17 

value given here is $969 M (Nominal $). 18 

 The third paper is a summary of the economic outcome of a retire/retrofit  19 

decision, conducted in August of 2011.16 This paper starts with xxx xxxx 20 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx21 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx22 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx23 

                                                 
13 Big Sandy CC Brownfield Build_Option 2 S&L Client Version DETAIL.xls 
14 Big Sandy CC Brownfield & U1 Repower S&L-based SUMMARY .xls 
15 Apparently the initial estimate was $790 M, revised down by S&L to $786. The higher value appears to 
propagate through the remainder of the estimate given in direct testimony. 
16 Confidential file “PRELIMINARY_Relative BS2 Unit Disposition Alt Economics_081711.xls” 
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The final value, $1,141 M is 1 

consistent with Mr. Weaver’s Table 2. 2 

The evidence suggests that redundant AEP overhead costs have been added to the 3 

total cost of the NGCC in Table 2 of Mr. Weaver’s testimony. 4 

Strategist Carrying Costs Inconsistent with Weaver, Table 2 5 

Q In addition, you indicated that the values in Strategist are inconsistent with 6 
Table 2 in Mr. Weaver’s testimony. Is this due to the same double-counting 7 
problem you identified above? 8 

A No. Mr. Weaver has overstated the costs of the NGCC replacement unit in Table 9 

2 of his testimony. However, even given these particular values, the capital costs 10 

of the NGCC and DFGD as portrayed in the Strategist analysis are incorrect. The 11 

costs of the NGCC are yet further overstated in the Strategist model, even relative 12 

to Table 2, and the costs of the DFGD are depressed. 13 

As discussed below in my testimony, the Strategist model appears to have 14 

overinflated costs of the NGCC by approximately 43% relative to Table 2, and 15 

Table 2 inflated costs of the NGCC by about 7% relative to estimates from 16 

Sargent and Lundy, even including AEP overhead. So therefore, relative to the 17 

S&L estimates cited by the Company, the Strategist model uses costs that are 18 

about 50% higher for the NGCC than would be suggested by S&L. 19 

Q How can you tell that the capital costs in Strategist are inconsistent with 20 
Table 2 in Mr. Weaver’s testimony? 21 

A I have looked closely at the stream of carrying charges that underlie the results in 22 

Exhibit SCW-4. Recalling that just about all other options are held constant 23 

between the Strategist runs, if we look at two sets of lines representing annual 24 

carrying charges between Option 1 (retrofit) and Option 2 (new NGCC) as in 25 

Figure 2 (Exhibit JIF-5), below, we see that in 2016, the two lines both rise 26 

significantly and separate. In the Figure below, the solid black line is carrying 27 

charges of Option 1 – the Big Sandy 2 retrofit, and the grey dashed line is the 28 

carrying charges of Option 2 – the NGCC replacement. 29 
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 1 

Figure 2. Streams of carrying charges in Options 1 and 2. 2 

The two projects represented by the costs from 2016 to about 2019 (when the next 3 

capital cost is incurred) cost about $784 million (the FGD) and $1,057 million 4 

(NGCC),17 and have book lives of 15 years and 30 years, respectively. Taking the 5 

expected annual payment of those two projects (not including AFUDC) over 15 6 

and 30 years, we would expect the projects to have very similar carrying charges 7 

($95 M and $100 M, respectively).18 Yet the Strategist modeling used a much 8 

larger gap, as shown in Figure 1 above.  In fact, the gap between the two lines 9 

suggests a capital cost difference of nearly $1 billion (2011$). 10 

I believe that either one or both of these carrying charges are in error, or the 11 

company has used a non-disclosed financial model with very different 12 

assumptions for the retrofit and replacement NGCC units. 13 

                                                 
17 Weaver Table 2, p24. 800 MW * $980/kW (coal + CCR projects, after owners cost) = $784 M; 904 MW 
* $1169/kW (NGCC) = ~1,057 M (2011$).  
18 Values calculated using the PMT function in Excel for (a) a 15 year loan on a $784M principal with an 
8.64% ROE = $95.20M and (b) a 30 year loan on a $1,057M principal with an 8.64% ROE = $99.62M. 
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Tracing the basis of these changes requires a brief description of how capital 1 

expenses flow through the Strategist model, and how the Company portrays 2 

capital expenses. 3 

Q Please describe how capital expenses flow through the Company’s Strategist 4 
model. 5 

A Briefly, capital expenses for new projects, including the FGD in Option 1 and the 6 

replacement NGCC units in the other options, are input into the Strategist model 7 

as overnight costs in real 2011$ per kW. The model calculates an allowance for 8 

funds used during construction (AFUDC) for the year the project is put in-service, 9 

and allocates a real levelized carrying charge across the project’s book life. In an 10 

optimized run (i.e. when Strategist is allowed to choose the optimal portfolio), 11 

this carrying charge is considered part of the portfolio cost. 12 

As discussed by Ms. Wilson, however, the Company has locked all options in 13 

place and taken the capital carrying charge equation outside of Strategist. 14 

Q Where does the Company calculate carrying charges? 15 

A The Company does a number of calculations in what I refer to as the “Company 16 

Strategist Compilation Workbook.”  At least in terms of the final outcome, the 17 

Company’s mechanism for calculating carrying charges appears to be consistent 18 

with the mechanism used by Strategist (although the values used in both Strategist 19 

and the workbooks are incorrect). The Company appears to have generated a 20 

workbook for each of the 25 runs in this proceeding, made available to interveners 21 

as a supplemental response to Sierra DR 1-69.  22 

A spreadsheet in each of those workbooks calculates the stream of carrying costs 23 

(spreadsheet “KPCO New Additions”). While the reasoning behind the formulae 24 

is not explained in the worksheet, it appears that the Company has calculated real 25 

levelized carrying charges for each new capital addition (including AFUDC) as if 26 

the project were to be started in any year of the analysis and depreciated over a 27 

given book-life - what we might think of as a “potential” levelized carrying 28 
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charge. The potential levelized carrying charges are inflated over time with 1 

different inflation factors for some projects.  2 

When a project is brought online, the potential levelized carrying charge for that 3 

year is carried down through the book life of the project or the end of the analysis 4 

period (whichever comes first). The sum of those carrying charges that are 5 

incurred over all projects are added together and flow back into the fundamental 6 

primary cost worksheet; this worksheet ultimately leads to the values given in 7 

Exhibit SCW-4, the economic justification for the Big Sandy 2 retrofit.  8 

In this way, carrying charges for each individual project can be summed as 9 

required, and total cost streams can be broken down into their component parts. 10 

All-In Capital Cost Assumed in Strategist Model 11 

Q Were you able to determine the principal that generates the Company’s 12 
carrying cost estimate in the Company’s Strategist Compilation Workbook? 13 

A Yes, but indirectly. The Company’s analysis ceases being traceable in the “KPCO 14 

New Additions” spreadsheet – the Company only presents a string of potential 15 

levelized carrying charges for each potential start year. However, using the 2011 16 

potential levelized carrying charge as the equivalent of a non-inflated payment, 17 

I’ve estimated the capital associated with each project in the Company’s planning 18 

horizon for KPCO. These values are in the second columns of the chart below, 19 

labeled “Strategist.” 20 

I’ve also estimated the total all-in 2011 capital costs of the retrofit and the natural 21 

gas replacement units from the values shown in Weaver Table 2, including 22 

AFUDC. I then compare these values against the capital costs derived from the 23 

Company’s Strategist Compilation Workbook. These values the first columns of 24 

the chart below, labeled “Weaver, Table 2.” 25 

  26 
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Figure 3 (also Exhibit JIF-6A) shows my estimate of the 2011 capital costs with 1 

AFUDC of the Big Sandy 2 FGD based on Weaver Table 2 (p24) and supporting 2 

discovery, and the estimated 2011 capital costs used in the Company Strategist 3 

Compilation Workbook (used to create Exhibit SCW-4).19 4 

  5 

Figure 3. Total Capital Cost of FGD and replacement units, including AFUDC. Green bars 6 
are derived from Weaver, Table 2 (p24); blue bars are derived from carrying costs in 7 
Company Strategist Compilation Workbook. 8 

All-In Capital Cost Derived from Weaver, Table 2 9 

Q How did you estimate total all-in 2011 capital costs, including AFUDC, from 10 
Weaver, Table 2? 11 

A I used example calculations provided by the Company to estimate AFUDC above 12 

the total dollar costs given by Weaver in Table 2. 13 

The Company provided two spreadsheets – one with a stream of capital costs 14 

incurred for the FGD project and the new and repowered NGCC units,20 and one 15 

with an example AFUDC calculation for the FGD project.21 I followed the 16 

                                                 
19 Calculation from worksheet values described below.  
20 Sierra DR 1-69: Capital Cost of BS2 FGD and CC Alternatives used in L-T Modeling.xls 
21 Sierra DR 1-69: BS2 DFGD AFUDC Calc for modeling.xls 
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AFUDC mechanism for the coal combustion residuals (CCR) that is part of the 1 

FGD retrofit, the replacement NGCC, and the repowered NGCC.22 I then 2 

converted these nominal dollar values into real 2011$ using the 2.8% escalation 3 

factor assumed in the Company’s AFUDC worksheet. The sum of these annual 4 

costs, including real 2011$ AFUDC became the all-in capital cost of the FGD and 5 

the NGCC units as shown in the Figure above. My calculations are shown in 6 

Exhibit JIF-6B. 7 

Using the Company’s worksheet, I calculated AFUDC of about 13% for the FGD 8 

and about 20% for the NGCC replacement and repowering options. 9 

Comparing CPW Outcomes from Weaver, Table 2 Capital Costs 10 

Q How did you incorporate capital costs from Weaver, Table 2 into the 11 
Company’s Strategist Compilation Workbook? 12 

A I copied the basic mechanism used in the Company’s Strategist Compilation 13 

Workbook to incorporate capital costs, compile Strategist results from Ms. 14 

Wilson’s runs and test other hypotheses about the Company’s presented data. I 15 

will refer to my workbook at the “Synapse Strategist Compilation Workbook.” 16 

In my workbook, I calculated the required levelized carrying charges from the 17 

AFUDC-inflated capital costs from Weaver, Table 2 for the year 2011.23 I then 18 

inflated this value through time at the same rate used by the Company for the 19 

same resources. I adopted the Company’s mechanism to use the correct potential 20 

levelized carrying charge over the correct number of years, and carried this value 21 

through to the summed string of carrying charges. I then created an alternate 22 

version of the workpapers behind Exhibit SCW-4 with revised carrying charges, 23 

and evaluated the CPW outcomes of each Option, as well as the delta CPW 24 

between Options. 25 

                                                 
22 Used contingency-inflated price, and added AEP allocated of 9.1% for CCR and 7.1% for NGCC units. 
Assumed in-service date of 6/2016 for all projects. Streams of costs extend into 2016, rendering it 
impossible to use the Company estimated in-service date of January 2016 (see Weaver p51 at 22). 
23 Levelized carrying charges estimated using Excel PMT function on capital costs (including AFUDC, as 
shown in Figure 3) over Company-assumed book life at 8.64% ROE. 
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The following table illustrates the magnitude of the capital cost correction (also in 1 

Exhibit JIF-3B).   2 

Table 2. Cumulative present worth of revenue requirements (M 2011$): Reanalysis with 3 
corrected capital costs. 4 

Cumulative Present Worth of Revenue Requirements (M 2011$) 
Re-Analysis with Corrected Capital Costs 

  Option #1 Option #2 Option #3 Option #4A Option #4B 

Company Capital Costs 

Retrofit Big 
Sandy 2 w/ 

FGD 

NGCC 
Replacement 

BS1 Repower Market to 
2020; NGCC 

in 2020 

Market to 
2025; NGCC 

in 2025 

CPW 6,839  7,075  7,091  6,918  6,791  

Net benefit of retrofit (CPW)   236  252  78  (48) 

Corrected Capital Costs           

CPW 6,921  6,679  6,790  6,632  6,610  

Net benefit of retrofit (CPW)   (242) (131) (289) (311) 

 5 

In the first set of rows (“Company Capital Costs”), I show the outcome of the 6 

Company’s Strategist run and capital carrying charges, and the net benefit of 7 

retrofit. These values are virtually identical to those found in Exhibit SCW-4A.24 8 

In the second set of rows (“Corrected Capital Costs”), I show the outcome of the 9 

same Strategist runs with adjusted capital carrying charges as described above. 10 

The CPW of Option 1 is increased by nearly $100 million, while the other options 11 

fall by anywhere from $280 to $400 million. With these corrections, the net 12 

benefit of the retrofit evaporates – all other options are less expensive than the 13 

retrofit by a fairly wide margin. 14 

When paired with the adjusted off-system sales, as discussed previously in my 15 

testimony, the net effect is that the Big Sandy retrofit is far less economic for 16 

ratepayers than any other Option examined by the Company (see table below; also 17 

in Exhibit JIF-3C). 18 

                                                 
24 The values appear to differ slightly because of small differences in the Strategist runs. As described by 
Ms. Wilson, Synapse used Strategist input files provided by AEP and modified after a discussion with Mr. 
Mark. A. Becker, a modeler provided by AEP. According to AEP, these runs should have produced 
identical output to that used in this proceeding.  
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Table 3. Cumulative present worth of revenue requirements (M 2011$): Reanalysis with 1 
corrected capital costs and adjusted off-system sales. 2 

Cumulative Present Worth of Revenue Requirements (M 2011$) 
Re-Analysis with Adjusted Off System Sales & Corrected Capital Costs 

  Option #1 Option #2 Option #3 Option #4A Option #4B 

Company Assumptions 

Retrofit Big 
Sandy 2 w/ 

FGD 

NGCC 
Replacement 

BS1 Repower Market to 
2020; NGCC 

in 2020 

Market to 
2025; NGCC 

in 2025 

CPW 6,839  7,075  7,091  6,918  6,791  

Net benefit of retrofit (CPW)   236  252  78  (48) 

Corrected Capital Costs & 
Off System Sales 

          

CPW 7,310  6,981  7,093  6,916  6,874  

Net benefit of retrofit (CPW)   (329) (217) (394) (436) 

Q Have you used any of your own capital or financial assumptions in creating 3 
these tables? 4 

A I have not. I used capital assumptions from the direct testimony of Mr. Weaver 5 

and as presented in discovery, and financial assumptions copied directly from 6 

discovery and workpapers supporting Mr. Weaver’s testimony.  7 

6. STRATEGIST CONCERNS: FIXED O&M COSTS 8 

Q What is your concern with the fixed operation and maintenance (O&M) costs 9 
used in the Company’s model? 10 

A The stream of fixed O&M costs in Option 1 (the retrofit case) drops markedly 11 

from 2030 to 2031 by about $36 million per year (nominal, or $27 M 2010$) and 12 

maintains at this lower value through the remainder of the analysis period.25 We 13 

can trace this discrepancy back to the input (and output) for the Big Sandy 2 FGD 14 

from the Strategist model where fixed O&M costs for this single unit drop by $45 15 

million (nominal, or $33 M 2010$) in 2030. 16 

Q Would such a drop in fixed O&M costs be expected if the unit were 17 
continuing to operate in 2031 as it did in 2030? 18 

A I can think of no reasonable explanation why fixed O&M costs, usually 19 

representing ongoing capital expenditures and maintenance activities, should 20 

decline so markedly in 2031. 21 

                                                 
25 In the year 2040 fixed O&M appears to takes very high end-effects value as discussed by Ms. Wilson. 
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Q Is the drop in expected fixed O&M costs important in the outcome of the 1 
model? 2 

A Yes. If the pre-2031 fixed O&M costs were carried through the end of the 3 

analysis period (2031-2039), we would expect the 2011 cumulative present value 4 

(CPW) of the retrofit to increase by about $69 million (2011$). 5 

Q Can you explain why the fixed O&M costs may have this behavior? 6 

A No, but I can put forward a hypothesis. I suspect that the Company has included a 7 

discrete 2016 capital expense as part of the fixed O&M stream of costs. A capital 8 

cost amortized over 15 years using the Company’s levelized carrying charge 9 

mechanism would appear as a flat increase in nominal dollars over a 15 year 10 

period (i.e. ending in 2030). Comparing the stream of fixed O&M costs input into 11 

the Strategist model with fixed O&M costs apparently input into the Aurora 12 

model,26 I note that the Strategist model assumes an additional $34 million each 13 

year (flat in nominal terms) from 2016 to 2030. 14 

This discrepancy is somewhat corroborated by the Company’s response to KIUC 15 

DR 2-2f with the statement that “a component of the fixed o&m [sic] is ongoing 16 

capital costs which are recovered through an annual carrying charge.” While I 17 

believe that there is likely an additional capital cost “that is recovered through an 18 

annual carrying charge” for 15 years, I find it difficult to believe that this increase 19 

represents “ongoing capital costs” (emp. added) as those would likely carry 20 

through the full analysis period (presuming that the FGD remains in operation).27  21 

                                                 
26 From file Sierra DR 2-34a “sc_KPCo 2011 3 Plans Unit Data_10_10_11_confidential.xls” 
27 Company response to KIUC DR 2-2f indicates that one should “see the accompanying CD to the 
response to KIUC 2.2(a) for all assumptions and source documents.” While the attached files are large, they 
does not present the breakdown of either variable or fixed O&M costs pertinent to KIUC’s request, or the 
reasoning behind the changes in the fixed O&M values over time. 
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7. STRATEGIST CONCERNS: INSUFFICIENT FUEL PRICE SENSITIVITIES 1 

Q Did the Company examine any risk sensitivities in the Strategist model? 2 

A Ostensibly, yes, but the sensitivities used by the Company are not able to 3 

adequately explore a reasonable range of future price risks. The Company runs 4 

their model through four sensitivities, described very briefly below: 5 

 A “higher” band of prices in which fuel costs (both gas and coal) are 6 

increased by 16-20% and CO2 prices are effectively unaltered;28 7 

 A “lower” band of prices in which fuel costs (both gas and coal) are 8 

decreased by 11-12% and CO2 prices are effectively unaltered; 9 

 An “early carbon” scenario in which carbon prices start in 2017 instead of 10 

2022 but are only about 80¢ higher (real 2011$); 11 

 A “no carbon” scenario in which there is no carbon price and fuel prices 12 

are effectively unchanged (gas prices are reduced by 6%). 13 

Q What is problematic about these sensitivities? 14 

A While I appreciate that the Company is attempting to examine both the impact of 15 

changing fuel prices and uncertainty in CO2 prices, these alternative futures are 16 

insufficient sensitivities, particularly in stress-testing the effectiveness of 17 

continuing to operate a coal-fired power plant versus replacement with a natural 18 

gas portfolio. Useful sensitivities push to reasonably likely futures that are 19 

substantively different from each other. In this case, however, I would not expect 20 

any of the sensitivities evaluated by the Company to result in dramatically 21 

different results. 22 

For example, for both the “high band” and “low band” options, coal and natural 23 

gas prices move in the same direction almost perfectly – meaning that we would 24 

generally expect the results of these analyses to show about the same level of 25 

                                                 
28 CO2 prices are increased by 30¢ (in real 2010$) 
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differentiation from each other. In particular, when the all-in variable cost of a 1 

new natural gas fired CC is quite close to the all-in variable cost of the coal 2 

retrofit, as is the case here,29 changes in the cost of coal and the cost of natural gas 3 

will not really differentiate the costs of the Options – if it is assumed that coal and 4 

natural gas prices will both move about the same amount in the same direction. 5 

The “no carbon” scenario simply bolsters the Company’s standing position. The 6 

“early carbon” scenario does impose new costs between 2017 and 2022 for five 7 

years of additional carbon pricing; but at the low prices assumed by the Company, 8 

these five years result in fairly small differentiations for such a significant 9 

policy.30  10 

Q Has the Company explored more functionally useful sensitivities in 11 
Strategist? 12 

A No, they have not. KIUC asked the Company in DR 2-3 if the Company had run a 13 

scenario in which lower prices for gas were run against higher prices for coal; the 14 

Company responded that it had not. 15 

Q Why did the Company choose not to run low gas / high coal? 16 

A The response to discovery, written by Mr. Karl Bletzacker, states that “the 17 

Company determined it was unnecessary to do so because coal and natural gas 18 

prices have historically been correlated, that is, coal and natural gas prices rise 19 

and fall in unison…” This statement appears to contradict the testimony of Mr. 20 

Scott Weaver, who shows explicitly in his Aurora “Assumed Variable 21 

Correlations” table (Exhibit SCW-1, Table 1-4) that prices for natural gas and 22 

                                                 
29 In the base case, differentiated by about $5-$7/MWh in 2010$ 
30 For the first years of this analysis prior to the start of carbon pricing in 2022 (i.e. 2011-2021) the 
difference in CPW of Option 1 is about $300 million between the early carbon and base commodity price 
scenarios. Conversely, the difference in CPW of Option 2 is about $240 million over that same time period 
(between the early carbon and base scenarios). Pushing up the Company’s carbon price by five years only 
results in a $60 million dollar shift between Options. 
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coal are not correlated.31 I agree that the price of natural gas and coal have not 1 

been correlated (in real dollar terms). 2 

Q What is your recommendation? 3 

A In evaluating this CPCN, running scenarios in which the price of fuels are not 4 

correlated would be an important and illuminating mechanism of evaluating the 5 

risk of either a retrofit or retire decision. 6 

8. REASONABLENESS OF CO2
 PRICE AND RISK 7 

Q Did the Company consider the potential for costs associated with carbon 8 
dioxide emissions?  9 

A To a limited extent, yes. In the base case, and in four of five “pricing scenarios,” 10 

the Company utilized a price for carbon dioxide (CO2) emissions.  11 

Q Why, then, are you concerned about the Company adequately accounting for 12 
potential carbon legislation? 13 

A The price employed by the Company for CO2 emissions does not represent any 14 

form of an effective or likely carbon policy but rather a token price that is never 15 

increased.  16 

Q What do you mean by a “token price” for CO2? 17 

A I define a token price as a cost for no other purpose than simply imposing a cost – 18 

a price that neither changes dispatch decisions or build decisions – i.e. has no 19 

impact at either operational or build margins.  20 

Q What has the Company used as a CO2 price in this proceeding? 21 

A In the base case, the Company’s CO2 “Base” price starts at about $15 per metric 22 

tonne and escalates about 1.3%, or slower than inflation. In real 2010$ per short 23 

                                                 
31 The non-relationship between historic movements of the price of natural gas and the price of coal is 
consistent between Mr. Weavers’ table, US historic records and the UK futures examined by Mr. Weaver. 
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ton,32 this price starts at $10.82 and holds essentially flat. The “early carbon case” 1 

starts five years earlier and is about 80¢ cents higher than the base case in real 2 

2010$. 3 

Exhibit SCW-2 shows a slightly higher value of CO2 for the “high band” and 4 

“low band” sensitivities; a price difference that amounts to about 30¢ higher than 5 

the base case in both sensitivities. However, this is inconsistent with the data from 6 

the Strategist model. An examination of the data underlying SCW-4A33indicates 7 

that the CO2 price in the higher and lower bands are identical to the base case. 8 

Q How does this compare to other CO2 price forecasts used by other utilities? 9 

A Of the numerous recent CO2 price forecasts that I have reviewed, this is the 10 

lowest I have seen used for “reference case” purposes.34 11 

Synapse has collected 22 different utility IRP and utility docket documents from a 12 

very diverse set of utilities operating all over the U.S.35 These IRPs, all published 13 

in 2010 or 2011, all provide estimates for CO2 prices at some time within the 14 

2012-2040 planning horizon used by AEP. With the exception of two IRPs and 15 

case documents that did not use a CO2 price at all,36 all of the reference CO2 price 16 

forecasts used by other utilities are higher than that of the Company. Indeed, there 17 

are no other utility forecasts that fall in real terms. 18 

Most other CO2 price trajectories that I have reviewed assume a particular 19 

purpose – i.e. the mitigation of greenhouse gas emissions to prevent or slow the 20 

                                                 
32 About 1.1 short tons per metric tons; derived cumulative inflation rate from natural gas prices in nominal 
and real dollars as presented in Sierra DR 1-69 “Ex. SCW-2 (L-T Commodity Price Fcst).xls” to convert to 
real 2010$. 
33 See Staff 1-48 “Staff_1-48_(Ex SCW-4B-High Pr Eval Detail).xls”, “Staff_1-48_(Ex SCW-4C-Low Pr 
Eval Detail).xls”, and files associated with the “detailed back up files for SCW-4”, including e.g. FT-
“Higher Band 2-Pgrs\Levelized Retrofit Under FT_CSAPR_HIGH_BAND.xls” 
34 With the exception of the zero price assumed by another Kentucky utility in Cases No. 2011-00161 & 
00162. 
35 See Exhibit JIF-5E for references 
36 Platte River Power Authority (Colorado, 2012) calculated a carbon mitigation curve (i.e. prices at which 
carbon reductions could be obtained by changing or building different resources), but did not provide an 
explicit price forecast. KU/LGE in KPSC Case No. 2011-00140 (2011) did not utilize a CO2 price forecast.  
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pace of climate change. The basis of such prices is the concept that in order to 1 

eventually reach lower levels of CO2 emissions, the effective price on CO2 would 2 

have to rise over time, obtaining cumulative reductions in emissions by providing 3 

an incentive to mitigate at the lowest cost – essentially slowly moving up the 4 

supply curve of emissions reductions potential. 5 

In contrast, the Company’s price forecast appears to reflect a fairly cynical view 6 

that while a government entity might eventually impose a fee on carbon 7 

emissions, the political will to either increase or cease the fee will leave the price 8 

at a stalemate and thus achieve very little at all. This assumption is not shared by 9 

other utilities. 10 

Q Has the Company reviewed other CO2 price forecasts? 11 

A Sierra DR 1-45 states that the “carbon dioxide price (CO2)… reflect[s] a national 12 

carbon tax and an industry consensus view.” The response then lists a wide 13 

variety of stakeholders that shape the Company’s view of the long-term forecast. 14 

Q How does the Company’s forecast hold up against the views of other 15 
“stakeholders” as listed in the discovery response?  16 

A Many of the stakeholders listed therein do not actually provide forecasts (such as 17 

the trade press Coal Daily or Coal Weekly, or even some of the key organizations 18 

listed (such as NERC and FERC). Of those that I am aware of that do produce 19 

CO2 price forecasts, their CO2 trajectories are universally higher than those used 20 

by the Company here. For example: 21 

 Industry Groups – Edison Electric Institute: EEI produced an assessment 22 

of recently promulgated and proposed environmental regulations (January 23 

2011)37 and included two CO2 prices, both of which are significantly 24 

above the Company forecast (see Exhibit JIF-7A). 25 

                                                 
37 Provided in response to AG discovery request 1-14 as Attachment 16. CO2 assumptions on page 50. 
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 Government Agencies – EPA and the US DOE Energy Information 1 

Administration have both produced estimates of the carbon price that 2 

would be realized from proposed federal legislation. These are all 3 

significantly above the Company forecast prices (see Exhibit JIF-7A). To 4 

my knowledge, NERC and FERC do not produce CO2 price forecasts.38 5 

 Energy Companies – Reference case CO2 prices from 20 electric utilities, 6 

including Duke (SC-2011), TVA (TN/KY-2011), Ameren (MO-2011), 7 

Southern Company (GA-2011)39, and Sunflower (KS-2010) amongst 8 

others are charted in Exhibit JIF-7B. Each and every trajectory charted 9 

here is higher to significantly higher than the AEP/KPCo forecast. 10 

 Third Party Consultants – There are numerous third party consultants 11 

who have produced forecasts for CO2 prices. Synapse Energy Economics, 12 

my firm, produced a CO2 price forecast in early 2011. I have produced 13 

these forecasts in Exhibit JIF-7C also showing the range (in the lighter 14 

bar) of reference forecasts used by other utilities. I have attached the paper 15 

supporting the Synapse CO2 price forecasts in Exhibit JIF-8. 16 

Q Why are there two different AEP trajectories plotted in Exhibit JIF-7C? 17 

A The Company provided, in Sierra DR 1-69 a file that appears to have commodity 18 

price assumptions from August of 2011,40 including a CO2 price forecast. xxxxx 19 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx20 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx21 

xxxxxxxxxxxxxxxxxxxxxxxxxx. 22 

                                                 
38 NERC specifically does not review the impact of CO2 regulations in its late 2010 reliability assessment 
(available as response to AG discovery request 1-14 in Attachment 9) 
39 The starting point for the Georgia reference case is public, but the trajectory is confidential. 
40 In August 2011 the Company was still announcing that the Big Sandy 2 unit would be retired. 
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Q Can you describe how the Company’s CO2 assumed reference and range of 1 
CO2 prices compare to those of other electric utilities in the US? 2 

A I have charted the low, high, and (if multiple forecasts were given) average 3 

levelized cost of CO2 (2015-2030) from 16 utilities, Edison Electric Institute 4 

(EEI), the Eastern Interconnect Planning Collaborative (EIPC) and forecast prices 5 

from my firm Synapse, in the figure below (also attached as Exhibit JIF-7D).41 6 

The reference case in this CPCN (the last column) is the lowest non-zero price 7 

given and, aside from those utilities that only give a single value, just about the 8 

narrowest range of prices as well. The AEP (8/2011) price that is second to last 9 

represents the cost assumed by the utility in the preliminary analysis of Big Sandy 10 

2 in August of 2011. 11 

 12 

Figure 4. Low, high and average CO2 prices given by different utilities in IRP & CPCN from 13 
2010-2011. The AEP forecast for this CPCN is the final bar on this chart. 14 

Q Have you evaluated how a more reasonable CO2 price could impact the 15 
Company’s decision to retrofit versus retire the Big Sandy unit? 16 

Yes. Ms. Wilson conducted a re-analysis of the Company’s Strategist base 17 

commodity price run, substituting the lowest CO2 price forecast from my firm, 18 

                                                 
41 Range given when a utility has produced or used more than one forecast. The average is given only if a 
utility has produced or used three or more forecasts. 
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Synapse (see Exhibit JIF-7C and JIF-8). The Synapse forecast was produced in 1 

February of 2011, and represents the marked uncertainty in how and when 2 

greenhouse gas prices might apply.42 The forecast is a public document explaining 3 

background, state and regional initiatives, analytical estimates, and the 4 

recommended Synapse 2011 CO2 price forecast for planning purposes. 5 

For the purposes of this case, Ms. Wilson tested three of the Options (retrofit [1], 6 

NGCC replacement [2], and market purchases to 2020 [4a]) using the Synapse 7 

Low CO2 Price Forecast. This CO2 price starts at $15/ton (2010$/short ton) in 8 

2020 and climbs to $45/ton by the end of the 2040 analysis period. 9 

The Synapse Low forecast does not represent the Mid, or expected case, 10 

according to the Synapse paper. Rather, it represents what the organization 11 

considers the lowest reasonable bound for a CO2 price forecast (both low in price 12 

and late in start). 13 

The Synapse Low case is, for example, consistent with forecasts from Ameren 14 

(MO) in 2011 and Duke (SC) in 2011, but is below TVA’s estimates, and well 15 

below estimates from Nebraska, Kansas, Delaware, Idaho, and Oregon. 16 

Q Does using a reasonable Low CO2 price forecast substantively change the 17 
outcome of this analysis? 18 

A Yes, it does. Simply shifting the CO2 price forecast to a low-range forecast 19 

consistent with the low end of forecasts from other utilities and organizations 20 

renders the retrofit of the Big Sandy 2 unit essentially a wash with the NGCC 21 

replacement in 2016 (Option 2) and far less economic than market purchases to 22 

2020 (Option 4A).43 Table 4, below (Exhibit JIF-3D), shows the difference 23 

between the Company’s base case run and a modified CO2 price run with other 24 

Company assumptions intact. 25 

                                                 
42 Early prices might be realized by rapid action starting after the next session of Congress, or if the EPA 
acts to regulate CO2 emissions independently of legislative action. Late prices (2020) might represent an 
additional presidential term without either administrative or legislative action. 
43 We did not test, but assume that market purchases to 2025 (Option 4B) would continue to fare well in 
this analysis, and that Option 3 (repowering Big Sandy 1) would probably fare on par with Option 2. 
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Table 4. Cumulative present worth of revenue requirements (M 2011$): Reanalysis with 1 
Synapse Low CO2 price 2 

Cumulative Present Worth of Revenue Requirements (M 2011$) 
Re-Analysis with Synapse Low CO2 

  Option #1 Option #2 Option #4A 

Company Assumptions 

Retrofit Big 
Sandy 2 w/ 

FGD 

NGCC 
Replacement 

Market to 
2020; NGCC 

in 2020 

CPW 6,839  7,075  6,918  

Net benefit of retrofit (CPW)   236  78  

Synapse Low CO2 Price 

      

CPW 7,643  7,665  7,412  

Net benefit of retrofit (CPW)   22  (230) 

 3 

The results above assume that we accept the Company’s erroneous carrying 4 

charges. If we also correct the carrying charges error in addition to the CO2 price, 5 

as in Table 5 below (Exhibit JIF-3E), both Option 2 and Option 4A fare 6 

significantly better than the retrofit.  7 

Table 5. Cumulative Present Worth (CPW) under Company CO2 assumptions and Synapse 8 
Low CO2 price, capital cost corrected. 9 

Cumulative Present Worth of Revenue Requirements (M 2011$) 
Re-Analysis with Synapse Low CO2 & Corrected Capital Costs 

  Option #1 Option #2 Option #4A 

Company Assumptions 

Retrofit Big 
Sandy 2 w/ 

FGD 

NGCC 
Replacement 

Market to 
2020; NGCC 

in 2020 

CPW 6,839  7,075  6,918  

Net benefit of retrofit (CPW)   236  78  

Synapse Low CO2 Price & 
Corrected Cap Costs 

      

CPW 7,725  7,269  7,127  

Net benefit of retrofit (CPW)   (456) (597) 

 10 

If we adjust the off-system sales revenue to reflect 40% sharing with shareholders 11 

as currently allocated from KPCo, the answers adjust again and even further 12 

favors either Option 4A or Option 2, as shown in   13 
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Table 6 (Exhibit JIF-3F), below. 1 

  2 
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Table 6. Cumulative Present Worth (CPW) under Company CO2 assumptions and Synapse  1 
Low CO2 price, capital cost corrected and adjusted for off-system sales sharing. 2 

Cumulative Present Worth of Revenue Requirements (M 2011$) 
Re-Analysis with Synapse Low CO2, Corrected Cap Costs & Adj. Off-System Sales 

  Option #1 Option #2 Option #4A 

Company Assumptions 

Retrofit Big 
Sandy 2 w/ 

FGD 

NGCC 
Replacement 

Market to 
2020; NGCC 

in 2020 

CPW 6,839  7,075  6,918  

Net benefit of retrofit (CPW)   236  78  

Synapse Low CO2 Price, 
Corrected Capital Costs & 
Off System Sales 

      

CPW 8,063  7,445  7,367  

Net benefit of retrofit (CPW)   (618) (695) 

 3 

Q What CO2 price trajectory do you recommend? 4 

A In large decisions where long-term CO2 emissions are a tangible risk, it is 5 

incumbent on the Company to test a wide and reasonable range of CO2 prices 6 

designed to bound the feasible risk faced by their ratepayers. As a reasonable 7 

starting point, I would recommend using the range provided in the Synapse 2011 8 

CO2 price forecast, using something akin to the Synapse Mid case as a reasonable 9 

reference. This price starts at $15/tCO2 in 2018 and rises (in real 2010$) linearly 10 

to $80 in 2041, and holds at that price indefinitely.44 The “low” bound starts at 11 

$15/tCO2 in 2020 and rises at a slower pace, reaching $60 in 2050, while the 12 

“high” bound also starts at $15 but at 2015 and reaches the $80 saturation point in 13 

2030. It may be reasonable to explore a complete absence of CO2 price as one 14 

possible scenario (representing an inability to muster the political will to mitigate 15 

climate change), but I think this outcome over the next three decades is extremely 16 

unlikely. 17 

Recalling that we have only tested the very lowest bounds of CO2 prices in this 18 

re-analysis, I would expect that any higher prices would result in an even further 19 

economic advantage for Options 2 and 4A over the Big Sandy 2 retrofit. 20 

                                                 
44 Synapse has assumed that $80 represents a broad-scale abatement price at which emerging technologies 
(such as carbon capture and sequestration) might become cost effective, thus potentially saturating the 
market. 
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9. AURORA CONCERNS: OVERVIEW 1 

Q How did the Company use Auroraxmp in this proceeding? 2 

A In this proceeding, the Company has used Aurora to evaluate how uncertainty in 3 

several key variables, such as fuel and emissions prices, as well as demand and 4 

electricity market prices, might influence the relative risk of four options – 5 

retrofitting Big Sandy, replacing or repowering the unit in 2015 (Options 2  & 3, 6 

respectively) or replacing the unit in 2025 (Option 4b). The Company did not use 7 

Aurora to evaluate Option 4a, purchasing market power through 2020. 8 

Because the Company used the model to drive a stochastic analysis, Aurora 9 

potentially offered the Company the opportunity to evaluate a range of uncertain 10 

futures simultaneously – in essence replacing the function of running Strategist 11 

through multiple pricing, or commodity, scenarios. 12 

Q What results did the Company draw from the Aurora analysis in this 13 
proceeding? 14 

A This is unclear. On pages 46-48 of his testimony, Mr. Weaver discusses only the 15 

metric of Revenue Requirement at Risk (RRaR), which is effectively the width of 16 

the uncertainty band around the middle, or median, answer. Mr. Weaver does not 17 

suggest in his written testimony that the differences between the median costs 18 

projected by the Aurora model should be used to evaluate the relative cost 19 

effectiveness of each option. In Sierra DR 1-68, Mr. Weaver appears to further re-20 

enforce the statement that Aurora model is not designed to measure the relative 21 

economic merit of the options, but “is used to measure the relative risk inherent in 22 

a resource portfolio,” by which I understand him to mean that it should be used to 23 

measure the relative risk inherent in any given resource portfolio, rather than the 24 

relative economic viability of the different scenarios. The relative economic 25 

viability measures an expected outcome, while the “risk inherent” measures the 26 

uncertainty associated with any given scenario. 27 
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Q Mr. Weaver cites Exhibit SCW-5 as an “optical and tabular summary of 1 
those results.” What is your impression of this Exhibit? 2 

A I read Figures 5-1 and 5-2 in SCW-5 very differently than described by Weaver in 3 

his written testimony. The first and most obvious point that stands out from this 4 

graphic is that the median of Option 1 appears to be much lower in “Cumulative 5 

Present Worth” than the other three Options modeled here. Indeed, the exhibit 6 

then shows, in tabular form, the “delta” (or difference) in alternative Option costs 7 

relative to Option 1, and suggests a consistently large benefit in pursuing the 8 

retrofit. 9 

Q What do you recommend in regards to Mr. Weaver’s Exhibit 5? 10 

A Whether in error or purposefully, the Company misrepresents the point and 11 

potential value of the Aurora analysis, which is to estimate the uncertainty 12 

associated with the economic outcome of their various options, rather than the 13 

absolute outcome.  14 

I recommend that, if the Company chooses to pursue the use of the Aurora model 15 

for uncertainty analysis, that the Company withdraw Exhibit 5 and replace it with 16 

an exhibit (graphical, tabular or both) that correctly represents the uncertainty 17 

bounds and RRaR, rather than absolute outcomes as shown here. 18 

However, there are sufficient concerns with how the Aurora model has been used 19 

in this proceeding to warrant disregarding the Aurora analysis in its entirety. 20 

Q Do you have a fundamental objection to the use of this type of model for 21 
planning purposes? 22 

A No, I do not. Conceptually, there is value in being able to evaluate a wide range of 23 

uncertainties simultaneously. In particular, this type of evaluation could, and 24 

should, be used to determine just how much any Option differs from another – i.e. 25 

if a separation of millions of dollars in cumulative present worth (CPW) is 26 

significant or insignificant. 27 

Generally speaking, I applaud the use of multiple models to converge on a robust 28 

answer, particularly in the face of uncertainty, and I would encourage the 29 
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Company to continue developing the use of other models to support decision-1 

making.  2 

However, I have significant concerns with the Company’s choice to reject results 3 

from the Strategist model by citing the Aurora model, in this case, both based on 4 

the interpretation of results and fundamental problems within the Aurora analysis 5 

itself. 6 

Q Where does the Company reject Strategist results on the basis of the Aurora 7 
model? 8 

A In Mr. Weaver’s testimony (p 47 at 15- p 48 at 2), he specifically states that 9 

“although the ‘discrete’ risk modeling results – shown on Exhibit SCW-4 – from 10 

the Strategist-based modeling point to this Option #4B as being a near ‘wash’ 11 

with a Big Sandy 2 DFGD retrofit solution, this additional Monte Carlo risk 12 

modeling indicates KPCo’s customers would be potentially exposed to 13 

significantly greater cost-of-service/revenue requirement uncertainty in the future 14 

under that ‘market’ alternative.” (emphasis in original) 15 

If we take the Company’s interpretation of the Aurora outcomes at face value, 16 

these model results would suggest that all other alternatives, market-based or no, 17 

should probably be rejected on the basis of its attendant risk (which is essentially 18 

identical for Options 2, 3, and 4b).  19 

What Mr. Weaver does not state here is that while the Aurora model appears to 20 

show an apparent downside risk to natural gas purchases (market or steel-in-the-21 

ground), the same results also show a large upside benefit as well– i.e. the model 22 

results would indicate that consumers have nearly as high a probability of coming 23 

out far better than far worse with a market replacement. 24 

Indeed, simply drawing from the Company’s data with no alterations to either 25 

Strategist or Aurora, we can re-cast the Strategist and Aurora results as the 26 

Company claims it intended. In Figure 5 below (Exhibit JIF-9), I show the 27 
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“Base” scenario outcomes from the Strategist model,45 plus error bars 1 

representing the Aurora uncertainty ranges at the 5th and 95th percentile.46  2 

 3 

Figure 5. Company results (unaltered) of cumulative present worth (CPW) of Options #1-4 
#4B. Center points represent Strategist outcome in “Base” commodity scenario. Upper and 5 
lower bounds represent range of 95th and 5th percentile outcome from Aurora results. 6 
Assumes 4A has same risk profile as 4B. 7 

What becomes immediately apparent in this graphic is that the error bounds (as 8 

used by the Company, and under Aurora assumptions used by the Company) 9 

swamp the differences between the scenarios as shown in Strategist models. 10 

Q Do you have a concern with the Aurora model as used here, specifically? 11 

A Yes, I do. I have five fundamental objections to Aurora model as presented in this 12 

hearing.  13 

First, the results of the Aurora model differ dramatically from the results 14 

generated out of the Strategist model, and the differences cannot be reasonably 15 

attributed to differences identified by the Company in discovery responses. 16 

                                                 
45 Directly from Exhibit SCW-4A 
46 Calculated from Sierra DR 2-35c-d (data behind graphs in SCW-5) 
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Second, the Aurora model as utilized and presented in both testimony and 1 

discovery responses is opaque and generally non-auditable. 2 

Third, the correlations between variables that the Company claims were used in 3 

the Monte Carlo analysis are derived from inadequate data, contain fundamental 4 

errors, are not represented in the model, and have inappropriately introduced bias 5 

into the analysis. 6 

Fourth, it is unclear how these correlations were actually used in the Monte Carlo 7 

analysis. Conceptually, these correlations should play an important role in how 8 

different variables “move” in relation to one another. However, in the files 9 

supplied, we are unable to find any mechanism that successfully replicates the 10 

stated correlations. 11 

Fifth, the Company has not presented the Aurora model used thusly to this 12 

Commission in previous proceedings for independent evaluation, and has supplied 13 

inadequate information to allow this Commission to evaluate if the model has 14 

been utilized correctly in this proceeding. 15 

Overall, it is my contention that the Aurora model is so poorly supported, so 16 

erroneous, and so fundamentally disparate from the more transparent Strategist 17 

model runs that the Aurora model runs used for this proceeding should be 18 

disregarded in their entirety. 19 

I will discuss each of the above concerns individually. 20 

10. AURORA CONCERNS: CONTRASTING AURORA AND STRATEGIST OUTCOMES 21 

Q You have stated as your first objection that the results of the Aurora model 22 
differ from the Strategist model. Why is this important? 23 

A As I state above, even though the Company discusses Aurora only in the context 24 

of revenue requirement at risk (RRaR), Exhibit SCW-5 shows the absolute 25 

outcomes of the Aurora model on a relative scale, leading to the very likely 26 

interpretation that the Aurora model independently estimates the complete CPW 27 

of each scenario in a comparable fashion to Strategist. This misinterpretation is 28 
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compounded by a label in Exhibit SCW-5 that marks the values as CPW of “ ‘G’ 1 

costs”, or the total incremental revenue requirement of the scenario as used 2 

elsewhere in Mr. Weaver’s testimony (i.e. p18 at 6 and p35 at 6). 3 

Q What is so different about the results of the Strategist and Aurora models? 4 

A Simply stated, the Aurora model estimates that the (median) net benefit of 5 

retrofitting the Big Sandy 2 is anywhere from $350 to $609 million more than the 6 

Strategist model’s output – or anywhere from double the benefit to well over ten 7 

times the benefit; results that simply don’t hold water – particularly as they are 8 

examined more closely. 9 

The vast differences between the Aurora and Strategist runs are illustrated in the 10 

Table 7 (Exhibit JIF-10A) below. The differences, in millions 2011$ CPW are 11 

directly extracted from exhibits of Mr. Weaver. 12 

Table 7. Differences in relative net benefit of retrofit versus other alternatives. 13 

Net benefit of Big 
Sandy retrofit 

versus: 

Option 2: 
Replace 

with NGCC 

Option 3: 
Repowered 

BS1 

Option 4a: 
Market until 

2020 
NGCC 

Option 4b: 
Market until 

2025 
NGCC 

Strategist 
Ex. SCW-4 

$236 M $252 M $79 M $(-47) M 

Aurora 
Ex. SCW-5 (p1) 

$586 M $527 M Not 
modeled 

$562 M 

Relative advantage 
conferred by Aurora 

$350 M $275 - $609 M 

% Difference 248% 209% - 1,195% 
 14 

For each of four options (1, 2, 3, and 4b), the Aurora model is run 100 times and 15 

subsequently returns 100 different results. However, because the baseline 16 

(median, in this case) input variables that go into the Aurora model are identical 17 

to the commodity prices in the Strategist “Base” case, we would reasonably 18 

expect that the median output from the Aurora model would replicate closely, if 19 

not exactly, the Strategist output. This is clearly not the case. 20 
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Q Does the Company have an explanation as to why these results are so 1 
different? 2 

Mr. Weaver appears to concur that the differences are confounding. In Sierra DR 3 

1-5f, he states that “the results vary … because the models are unique and thus 4 

have different internal dispatching logic that can result in absolute answers that 5 

are different” but that “given enough iterations of Aurora, one might reasonably 6 

expect that the median values of the Aurora approximately equal the Strategist 7 

solution, save for the inherent (and proprietary) differences in the model’s internal 8 

logic.” 9 

Mr. Weaver poses two hypotheses in his explanation –  10 

 first, that it is feasible that the Company did not run Aurora enough times 11 

to converge on a robust solution, and  12 

 second, that the models would have resulted in disparate results because 13 

of logical differences in dispatch. 14 

The first hypothesis can be rejected quickly. If the Company were truly 15 

uncomfortable with its modeling for a nearly one billion dollar retrofit project, I 16 

expect that they would have run the model through more iterations. However, for 17 

showing the differences between the model runs, the Company reports median 18 

(middle) values, which, from a statistical standpoint are fairly robust, so I do not 19 

expect that additional model runs would have resulted in substantively different 20 

results.47 21 

The second hypothesis implies that dispatch logic alone is sufficient to explain 22 

these dramatic differences. I agree that dispatch dynamics are probably one 23 

element that is significantly different between these two models – but this alone 24 

does not explain the difference. In fact, comparing these two models (or at least 25 

                                                 
47 One way of showing the robustness of the median here is by examining how tightly bound the value is 
within the range of potential answers. The median represents the 50th percentile answer – moving to the 
40th percentile answer instead, the difference between it and the median is always less than 3% of the total 
span of answers. Even if the Company ran another 20 runs and each one came out lower than the 40th 
percentile answer, the new median would only shift to the 40th percentile – or by 3%. 
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the information supplied by the Company and used for their cost comparisons) 1 

suggests apples and oranges comparisons with respect to just about every material 2 

factor – and overwhelmingly large differences in how the models treat market 3 

purchases and sales, and capital expenses.  4 

Q Why do you think that the models do not simply differ in dispatch dynamics, 5 
and why would you want to compare more than just CPW? 6 

A While differences in the CPW are useful for final decision-making, how costs are 7 

assumed to expend over time is illustrative and critical for understanding the basis 8 

of the decision. In Sierra DR 2-35a-b, the Company finally supplied the detailed 9 

outputs from the Aurora results (the “Aurora workbooks”).48 These spreadsheets 10 

are comprised of matrices dimensioned by year and Aurora iterations. We can 11 

trace the final value used by the Company in Ex. SCW-5 back to component 12 

parts, and in turn, trace those component parts over time. 13 

The Company also supplied what I will call the “Strategist compilation analysis,” 14 

which appears to take cost component outputs from the Strategist model, as well 15 

as other data sources, and creates a stream of expected costs over time, the CPW 16 

of which were used for Ex. SCW-4. The worksheets for the Strategist 17 

Compilation Analysis were supplied in Staff DR 1-48, and formula-enabled 18 

versions with key underlying worksheets were supplied as a supplemental to 19 

Sierra DR 1-69 on February 22, 2012. 20 

I compared the cost categories supplied in the Company’s Aurora workbooks 21 

against the cost categories in the Company’s Strategist compilation model.49 The 22 

cost categories summed in each model are listed in the Table 8 (Exhibit JIF-23 

10B) below. 24 

                                                 
48 Workbooks are IRP_XMP_DGTool_KPCO_BS_Retirement.xls, 
IRP_XMP_DGTool_KPCO_BS1_Repower.xls, IRP_XMP_DGTool_KPCO_BS2_Retrofit.xls, and 
IRP_XMP_DGTool_KPCO_NGCC_Replacement.xls 
49 The output of Strategist runs are apparently put through a compilation model, the bulk majority of which 
appears to have been delivered as a supplemental to Sierra DR 1-69 in response to a Motion to Compel. 
Formula-disabled versions of these worksheets were delivered to Staff in response to Staff DR 1-48. 
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Table 8. Cost Category names in Strategist and Aurora 1 

Cost Categories Strategist Compilation 
Analysis Name 

Aurora Spreadsheets 
Name 

Fuel Costs Fuel Cost Fuel Costs 

Contract Purchases 
& Sales 

Contract Revenue Contract Revenue 

Market Purchases & 
Sales 

Market Revenue / (Cost) Net Cost of Imports 

Capital Expenditures Carrying Charges Not in Aurora Analysis 

Variable O&M Incremental O&M  
[and Base O&M] 

Variable O&M 

Fixed O&M Fixed O&M 

Emissions 
Allowances 

Market Value of 
Allowances Consumed 

Emissions Cost 

Capacity Cost Value of ICAP ICAP 

 2 

With one exception, that of capital expenditures, the category titles can generally 3 

be matched between the two analyses. As far as I am aware, capital expenditures, 4 

including the costs of the FGD or any replacement capacity, are completely 5 

absent from these analytical results. Unless these costs have been inexplicably 6 

pushed into the “Net Cost of Imports,” it is entirely unclear if the Aurora analysis 7 

takes capital expenditures into account at all in the final results. 8 

The similarities generally end with the name of the cost category. Figure 6 9 

(Exhibit JIF-11A) below, shows the CPW (in ‘000 of 2011$) of Options 1, 2, 10 

and 4b, broken down by cost category for both the Strategist (base case) and 11 

Aurora models (median solution). As will be detailed below, to the extent that 12 

these two models appear to result in total CPW that are even within range of each 13 

other may be no more than coincidence; the degree to which any differences 14 

between options can be examined at face value is suspect. 15 
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 1 

Figure 6. Comparison of CPW cost components between Strategist and Aurora models. 2 

Each pair of columns represents the total CPW of an Option as portrayed by either 3 

Strategist or Aurora. Working from the bottom up: 4 

 Contract Revenues (or in this case, costs in each model) are fixed in the 5 

Aurora model based on Strategist, so there is no discrepancy between 6 

these values. 7 

 O&M values are moderately comparable, if Base O&M costs50 are 8 

included, yet are still consistently 14-35% higher in the Strategist analysis 9 

across all options. 10 

 The cost of pollution allowances are consistently 20-25% higher in the 11 

Strategist runs, representing both higher costs for near-term allowances 12 

(SO2 and NOx) and long-term allowances (CO2).  13 

 Total fuel costs, the variable that I would expect to be most influenced by 14 

“different internal dispatching logic” is consistently higher by 9-14% in 15 

the Strategist model. 16 

                                                 
50 Base O&M costs appear to be O&M associated with “another case with only those additions already 
present in 2011” (see response to Staff DR 2-2f) and are subtracted from all Options in the Strategist runs. 
The stream of Base O&M costs can be found in the supplemental response to Sierra DR 1-69 in any 
spreadsheet on the “O&M” tab W34:W63. 
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 Capital carrying charges do not appear to be represented in the Aurora 1 

model at all, meaning that important differences between the avoidable 2 

costs of construction (i.e. the FGD or replacement NGCC) and the 3 

uncertainty of those costs are not considered at all in this analysis. 4 

 Market purchases are completely different between these two models, with 5 

Strategist predicting net market sales in Options 1-3, and Aurora 6 

predicting massive net market purchases in all cases. Figure 7 below 7 

(Exhibit JIF-11B) illustrates the massive discrepancies between market 8 

purchases in the Aurora and Strategist model, amounting to, for example a 9 

difference of over three billion dollars in Option 2 (NGCC replacement in 10 

2015). 11 

 12 

 13 

Figure 7. Contrasting market purchases between the Aurora and Strategist models in three 14 
scenarios.  15 

  Capacity purchases, while a smaller component of the overall CPW, 16 

appear to have a similar, but inverted, relationship between the two 17 

models. Strategist often predicts net capacity purchases and Aurora 18 

predicting net capacity sales.  19 

It is important to note that the Company is evaluating which option to pursue on 20 

the basis of the difference between net CPW costs in each model. These CPW 21 

(1,000,000)

(500,000)

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

3,500,000

4,000,000

Retrofit (Opt 1) NGCC Replace (Opt 2) Market to 2025 (Opt 4b)

C
o
st
 o
f 
M
ar
ke
t 
P
u
rc
h
as
e
s

C
u
m
u
la
ti
ve
 P
re
se
n
t 
W
o
rt
h
 (
'0
0
0
 2
01
1
$)

Strategist

Aurora



 

 

Direct Testimony of Jeremy Fisher, Ph.D.  Page 50 

differences are on the order of tens of millions to a maximum of about $500 1 

million in the Strategist model (see Ex. SCW-4) – yet the differences between 2 

components of the Strategist and Aurora models differ by up to three billion 3 

dollars CPW, in evaluating the same Option. 4 

I am unable to find a reasonable mechanism to rectify these disparate results.  5 

Q Why are capital carrying charges not included in the Aurora analysis? 6 

A It is not clear to me why capital charges are not included. A stochastic analysis 7 

like Aurora could be well suited to examine uncertainty in build costs as part of 8 

the total financial risk package.  9 

The lack of capital carrying charges in this model is inconsistent with Mr. 10 

Weaver’s Exhibit SCW-1 (p10) that states “the input variables…considered by 11 

AuroraXMP® within this analysis were [amongst other variables] construction costs 12 

(annual carrying costs) ($/kW-year).” This lack is also in stark contrast to the 13 

response of Mr. Weaver to Sierra DR 2-6a that states that amongst “the variables 14 

[that were] allowed to vary stochastically in the Monte Carlo analysis… [are] 15 

Construction Costs [as] implemented in the FOM variable.” The fixed O&M 16 

(FOM) variable in Aurora appears to only represent FOM costs as implemented in 17 

Strategist – not the major capital expenditures (i.e. the FGD or new/repowered 18 

NGCC units). In addition, this variable is held almost perfectly constant. In the 19 

retrofit Aurora run (Option 1), the CPW of FOM costs displays less than a 0.1% 20 

variance – effectively held completely constant. Indeed, the only variance in the 21 

FOM variable occurs after 2025, possibly representing some level of uncertainty 22 

in the FOM of the small additional NGCC added in out-years. 23 
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11. AURORA CONCERNS: LACK OF TRANSPARENCY 1 

Q You have stated as your second objection that the Aurora model as used in 2 
this proceeding is generally opaque and non-auditable. Please support that 3 
contention. 4 

A Sierra Club repeatedly requested the input and output files from the Aurora 5 

model51 to be able to better understand how the Company was using this platform, 6 

and if the inputs and process were consistent with other Company assumptions. 7 

From the first request (Sierra DR 1-69), we received only a list of 100 CPW 8 

values – with no component costs, no formulae, and no basis. From the second 9 

request (Sierra DR 2-35a-b) and a separate Motion to Compel, we received a 10 

series of worksheets that break down the 100 CPW values into their component 11 

costs over time – but these worksheets arrived without formulae and the 12 

supporting workbooks are simply pasted values from another source. It appears 13 

that formulae were purposefully disabled in this worksheet.  14 

I have been able to reconstruct some components of the Aurora outcomes, but 15 

have no mechanism to be able to rectify those outcomes with input data, or even 16 

sufficiently trace which input data actually went into the Aurora analysis.  17 

I contend that the Commission and interveners are unable to verify that the 18 

Company has provided a robust analysis in the Aurora model, and therefore 19 

cannot audit, much less rely upon the results of the Aurora analysis. As far as I am 20 

able to tell, the Company could have used arbitrary, or even biased, input data for 21 

this model and it would be impossible to know based on the information provided 22 

by the Company in this proceeding. 23 

Q Are there examples of where the information provided by the Company in 24 
the Aurora analysis appears to be internally inconsistent? 25 

A Yes, there are. One of the key components of this analysis the “risk factors,” or 26 

ranges of uncertainty that six specific variables are allowed to take (see Exhibit 27 

                                                 
51 Sierra DR 1-69 “provide all assumptions and workbooks, in electronic format and with all calculations 
operational and formulate intact, used to prepare SCW-1 through SCW-4, including output files from the 
Aurora model.”  
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SCW-1, p10 at second paragraph under section A). In Sierra DR 2-34b, 1 

interveners requested “the distribution assumed for each of the six key risk factors 2 

considered.” In response, the Company delivered a spreadsheet with the “risk 3 

factors” of 15 variables: 4 

 one of which appears to represent the variance of demand,  5 

 eight of which appear to represent coal distributions,  6 

 two of which appear to represent natural gas price distributions 7 

 one of which may represent market price distributions, and 8 

 three of which are completely unlabeled (“Generic”) and do not appear to 9 
correspond to any known variable – either CO2 prices or construction cost 10 
risks. 11 

We are unable to determine which of these variables, if any, are actually used in 12 

the Aurora model. As noted previously, the Company also supplied opaque 13 

“Aurora workbooks” that, if reconstructed, appear to be elements of the output 14 

from the Aurora model. Three worksheets in these workbooks correspond to 15 

natural gas prices (2025-2040), coal prices, and CO2 prices. Theoretically, if the 16 

distributions provided in Sierra DR 2-34b have any relationship to the input 17 

represented in these workbooks, the pattern (if not the absolute value) of variable 18 

distributions should correspond well between these two data sources. As 19 

presented, the natural gas prices correspond perfectly, but the coal and CO2 prices 20 

do not correspond.52 Again, without a moderately linear analytical pathway, it is 21 

impossible to know what data was used by the Company in the Aurora analysis, 22 

and what the outputs represent. 23 

                                                 
52 We can test the correspondence of the reported inputs in the distributions against the reported inputs in 
the Aurora workbooks by simply looking at how well a trendline fits the data. For the coal prices against 
the coal price distributions, the r2 value is 0.46, meaning that 46% of the actual variance in coal prices can 
be described by the “coal price distributions”. In the CO2 tab, the r2 value is effectively zero (0.01) meaning 
that the reported inputs have no relationship whatsoever to the Aurora reported model data. 



 

 

Direct Testimony of Jeremy Fisher, Ph.D.  Page 53 

12. AURORA CONCERNS: FAULTY CORRELATIONS 1 

Q What is the purpose of the correlations as used in this proceeding? 2 

A There are at least two ways of running a stochastic model - or a model that can 3 

handle a range of uncertainty. One way is to assume that all of the variables that 4 

are uncertain vary randomly, with no relation to one another; in that circumstance, 5 

one might have no information about how variables are related, or one might 6 

know for certain that they do not influence each other.  7 

Another way of dealing with uncertain variables is to tie them together with 8 

correlations. In that case, one might know or have ample reason to believe that as 9 

one variable changes, another will change with it. For example, one might know 10 

that every time it gets hot, electricity consumption increases – these two variables 11 

move together. If one was going to run a model in which both future temperature 12 

and electricity consumption were uncertain, it might be beneficial to tie these two 13 

variables together such that they tend to follow one another. In this same way, the 14 

Company has introduced correlations between most of its driving variables in the 15 

Aurora analysis. 16 

Q What is the effect of using a high correlation between two variables? 17 

A Since variables that are highly correlated will tend to move together, variables 18 

with a high correlation may have an amplifying affect if those variables both 19 

represent a driver in the same direction. Take, for example, gas prices and power 20 

prices – if either of these variables increases, then the cost of a portfolio that 21 

includes both gas and market purchases will increase. If the variables are tied 22 

together via a correlation, then any time either one increases, the other will 23 

increase as well – and the total portfolio cost will increase. The correlation here 24 

would have an amplifying effect.  25 

If these variables were not correlated, then the total price would be far less 26 

sensitive to fluctuations in the price of gas or market purchases. If these two 27 

variables were inversely correlated (i.e. a negative number approaching negative 28 

1) then they'd have a dampening effect on each other – as the market price of 29 
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power increases, the cost of gas decreases – and so total portfolio costs remain 1 

more stable. 2 

Q How do you think the correlations used by the Company influenced the 3 
model outcome? 4 

This is a difficult question because it is not apparent that the correlations 5 

presented by the Company in Exhibit SCW-1, Table 1-4 actually represent the 6 

values used in the Aurora model. I present the correlation values that it appears 7 

the Company used in the Aurora model later, in   8 
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Table 9 of my testimony. 1 

Given the correlations, I believe were actually used in the model, I think the 2 

correlations deeply influenced the outcome, and may have unduly biased the 3 

results 4 

As noted previously, the Company uses Aurora to look at the uncertainty bounds 5 

on total portfolio prices (via Revenue Requirement at Risk, or RRaR) using a 6 

model with explicit correlations, some of which are fairly high. In particular, it 7 

appears, based on Sierra DR 2-34b, that the Company imposed very high 8 

correlations between demand, market prices, and gas prices – but a very low 9 

correlation between demand and coal prices. 10 

For a portfolio that is rich in gas or market purchases – such as Options 2, 3, or 11 

4a/b – random upward shifts in demand (the "driving" variable) will tend to 12 

amplify not only the amount of power that is required, but also increase the price 13 

of that power if it is purchased from the market or a gas generator. This makes for 14 

a very expensive portfolio. Inversely, random downward shifts in demand will 15 

tend to create a very low cost for a gas or market-rich portfolio.  16 

For a portfolio that is coal-heavy, such as Option 1, changes in demand shift 17 

market prices,53 but do not impact coal prices at all, and thus the Option is very 18 

insensitive to changes in demand and market prices.  19 

One would expect, looking at these correlations, that a gas or market-rich 20 

portfolio will tend to come out of the model with a very wide range of portfolio 21 

costs, while a coal-heavy portfolio will come out looking fairly stable. And in 22 

fact, that is exactly what we see in the final outcomes in Ex. SCW-5. 23 

It is not at all surprising, based on these correlations, that the Company’s 24 

examination of upside risk (RRaR at the 95th percentile) proves unfavorable for 25 

Options 2, 3, 4a or 4b. It is my belief that the RaRR found by the Company is 26 

                                                 
53 Increased market prices are favorable for the net off-system sales of Option 1. 
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largely a product of the correlations imposed by the Company, and I do not 1 

believe that those correlations are well founded, as I will describe below.  2 

Q You have stated as your third objection a number of directed concerns with 3 
the correlations used in the Company’s Aurora model. Can you briefly 4 
outline those concerns? 5 

A I have reviewed the data that the Company used to derive the correlations in 6 

Sierra DR 1-61, and I am not satisfied that the correlations are either real or in any 7 

way accurate. The following concerns are fairly technical in their nature, but 8 

require documentation, for it is my understanding that using a different set of 9 

correlations would probably have resulted in very different Aurora results. 10 

Briefly: 11 

 The correlations presented in Exhibit SCW-1, Table 1-4 do not represent the 12 
correlations actually used by the Aurora model. 13 

 The Company has confounded temporal change, or change over time, with 14 
uncertainty; 15 

 The Company has mixed correlations from historical and future data over very 16 
different time spans representing very different processes; 17 

 The Company erroneously used a measure of amount instead of price when 18 
reviewing the historic cost of coal versus other factors; 19 

 The data used to derive correlations in the future are non-robust, changing 20 
sign with the simple exclusion of incorrectly-used data; 21 

 By introducing incorrect and large value correlations, the Company has 22 
inappropriately introduced bias into their analysis, a bias which favors Option 23 
1 (the retrofit).  24 

Q Why do you think that the correlations presented in SCW-1 Table 1-4 are 25 
not the same as actually used in the Aurora model? 26 

A In Sierra DR 2-34b, Sierra Club requested the “distribution assumed for each of 27 

the six key risk factors considered in the Aurora model.” In response, the 28 

Company provided a very long table of values that appear to contain “risk 29 

factors,” which I interpret to be the expected variance on individual factors. I 30 
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examined the correlation of these factors against each other54 and arrived at a very 1 

different set of correlations than provided by Mr. Weaver in Table 1-4.  2 

  3 

                                                 
54 Assumes that Demand represented Demand, KPCo_External_Supply represented the market price of 
electricity, AEP_FUEl_BIGS2 represented the variance on coal price at Big Sandy 2, AEP_FUEL_CC_KP 
represented the gas price variance, and that Distribution 28 represented CO2 price variance (although the 
final correlation is insensitive to if Distribution 27, 28 or 29 are utilized).  
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Table 9 below (Exhibit JIF-12A) shows the correlations presented by Mr. 1 

Weaver in Table 1-4, the correlations I’ve derived from the data supplied by the 2 

Company in Sierra DR 2-34b, and the difference between the two sets. 3 

  4 
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Table 9. Comparison of correlations presented in testimony and derived from discovery. 1 

Correlations provided by AEP in SCW-1, Table 1-4  

 
Natural 
Gas Coal Carbon Power Demand 

Natural Gas 1.00 0.09 (0.23) 0.88 seasonal 

Coal   1.00 0.69 0.19 0.74  

Carbon     1.00 (0.14) 0.50  

Power       1.00 0.75  

Demand         1.00  

      

Correlations derived from Sierra DR 2-34b   

 
Natural 
Gas Coal Carbon Power Demand 

Natural Gas 1.00 0.09 0.45 0.88 0.66  

Coal   1.00 0.05 0.10 0.08  

Carbon     1.00 0.53 0.68  

Power       1.00 0.76  

Demand         1.00  

 *Assumes CO2 is Generic Distribution 28  

      

Europe US Hypothesized 

      

Difference      

 
Natural 
Gas Price 

Coal 
Price 

Carbon 
Price 

Power 
Price Demand 

Natural Gas Price   0.00 (0.68) 0.00   

Coal Price     0.63 0.09 0.66 

Carbon Price       (0.67) (0.18) 

Power Price         (0.01) 

Demand           

 2 

Q Did the Company actually use the correlations reported in Sierra DR 2-34b 3 
or SCW-1 in the Aurora Model? 4 

A It does not appear that they did. In response to Sierra DR 2-35a-b, the Company 5 

provided selected outputs from the Aurora model, including the CO2, natural gas, 6 

and coal prices apparently used in each run and each year. Working from the 7 

actual values, I derived the variance of each of these commodities as used in the 8 

Model and compared the variance against the values reported in Sierra DR 2-34b. 9 
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The variance of natural gas prices matched nearly perfectly, but both coal and 1 

CO2 were almost completely unrelated.55  2 

After having tested numerous combinations and permutations of data provided by 3 

the Company, I can be fairly certain that I am reviewing the data correctly. Thus, I 4 

surmise that either the Company provided incorrect data in response to one or 5 

more requests, used inconsistent data in the model, or has misstated how (or if) 6 

the model uses the correlations provided by Mr. Weaver. 7 

Q What do you mean that the “Company has confounded temporal change 8 
with uncertainty”? 9 

A Simply stated, the purpose of the correlations is to examine how variables “move” 10 

relative to each other –  11 

 high positive correlations mean that variables will move closer to in synch,  12 

 high negative correlations mean that variables will move in synch in opposite 13 
directions, and  14 

 low magnitude correlations mean that variables will move independently. 15 

The Company has derived these correlations by looking at historic time series for 16 

some types of known variables (such as natural gas price and “demand” using 17 

U.S. generation as a proxy), and future time series for others derived from a UK 18 

futures market (ICE). The Company found correlations (or a lack thereof) 19 

between incremental changes in price from year to year. However, many of the 20 

variables that were examined (including the futures price for UK coal, UK gas, 21 

and EU carbon) are derived from nominal dollars, which introduces a positive 22 

correlation bias. Indeed, any long-term trends will introduce a positive bias into 23 

this analysis.56 24 

                                                 
55 It should be noted that the cross-correlation of these three variables also did not match either the 
correlation values given in Table 1-4 in SCW-1 or the correlations derived from Sierra DR 2-35a-b. 
56 If the Company were examining year-to-year uncertainty, which they are not, it could be argued that 
examining interannual changes without removing trends is appropriate; as used in Aurora here, the 
Company attempts to simulate uncertainty relative to an “average” behavior in each year independently, 
and thus introduces bias by using trended data. 
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Q Why is using correlations from future and historic data problematic? 1 

A Within reason it should not be a problem to use recent history and reasonably 2 

expected futures data as required. However, in this analysis, the Company mixes 3 

correlations from a sparsely populated (data-wise) European futures market to 4 

2014 for CO2, coal and natural gas relationships57 with correlations from U.S. 5 

data for coal and thermal generation stretching back five decades. There is little 6 

reason to think that these data represent anywhere near a similar process as each 7 

other – it is unlikely that 1950s vintage relationships between coal prices and 8 

demand represent processes that are still happening today. 9 

Q What data did the Company use to derive the relationship between coal 10 
prices and demand? 11 

A In the single use of actual U.S. data, the Company erroneously used coal tonnage 12 

instead of coal prices to create a correlation between demand and fuel price. 13 

Correcting this error changes the relationship from a very correlated 0.74 to a low 14 

value of 0.08. 15 

Q What do you mean that the data used for the correlations are non-robust? 16 

A Putting aside the question of if the correlations presented by Mr. Weaver were 17 

actually used in the Aurora model, the data that the Company has used can swing 18 

dramatically just from small changes in the way that they are used. Of the nine 19 

correlation values that Mr. Weaver presents in Exhibit SCW-1, Table 1-4, two are 20 

complete guesses (yet high values, nonetheless) and six are derived from very 21 

sparse data. 22 

The Company wanted to provide some data to show a relationship between 23 

commodity prices (particularly gas and coal) and CO2 prices. Because there is not 24 

yet an active national market for CO2 in the US, the Company turned to Europe to 25 

represent an active carbon market, and used UK commodity prices to match. 26 

Examining changes in fuel, CO2, and market prices, the Company used reviewed 27 

                                                 
57 These factors are feasibly the most important in this set. 
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exactly nine quarters of forward prices on the ICE market – between June 2011 1 

and June 2013.58 The futures report shifted to annual timesteps after June 2013, so 2 

the Company then added a nine-month step and an annual step, finishing with 11 3 

data points in December 2014. First, changes over quarters may be quite different 4 

from changes over annual timesteps (i.e. seasonal gas swings vs. annual 5 

increments); second, the eleven data points are very scattered and very non-6 

robust. 7 

Simply removing the 9-month span and the annual span from the series makes the 8 

correlation between gas price and CO2 drop from -0.23 to -0.52. Randomly 9 

removing any two datapoints from this series results in answers ranging from a 10 

correlation of +0.34 to -0.54. 11 

Finally, the Company chose to use very sparse European data to determine a 12 

relationship between coal and gas, as well as between electricity market prices 13 

and those fuels. Without suggesting that adopting historic domestic data is any 14 

improvement or should be used instead, simply examining trends of U.S. retail 15 

rates and U.S. natural gas prices against U.S. coal and U.S. demand results in, 16 

again, a very different correlation. 17 

In   18 

                                                 
58 The Company used vintage data, hence the forward price start at June 2011. 
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Table 10, below (Exhibit JIF-12B), I’ve examined domestic gas, demand, and 1 

retail prices, removed the 9-month and 1-year span in the European data for 2 

carbon correlations and presented an alternate matrix to Ex. SCW-1, Table 1-4. 3 

This table is provided for illustrative contrasting purposes only. I do not believe 4 

that the statistics used by the Company (or presented here) are the correct 5 

mechanism to evaluate uncertainty correlations. I think that, in absence of robust 6 

and supportable information, I would suggest that no correlations be used in this 7 

particular uncertainty analysis. 8 

  9 
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Table 10. Comparison of correlations presented in testimony and derived from domestic 1 
data. 2 

Correlations provided by AEP in SCW-1, Table 1-4  

 
Natural 
Gas Coal Carbon Power Demand 

Natural Gas 1.00 0.09 (0.23) 0.88 seasonal 

Coal 0.00 1.00 0.69 0.19 0.74  

Carbon 0.00 0.00 1.00 (0.14) 0.50  

Power 0.00 0.00 0.00 1.00 0.75  

Demand 0.00 0.00 0.00 0.00 1.00  

      

Synapse (for contrast only) 

 
Natural 
Gas Price Coal Price 

Carbon 
Price 

Power 
Price Demand 

Natural Gas Price 1.00 0.11 (0.43) 0.41 (0.15) 

Coal Price   1.00 0.67 0.32 0.11  

Carbon Price     1.00 (0.43) 0.00  

Power Price       1.00 (0.51) 

Demand         1.00  

      

Europe US Hypothesized 

      

Difference (Company minus Synapse) 

 
Natural 
Gas Price Coal Price 

Carbon 
Price 

Power 
Price Demand 

Natural Gas Price   -0.03 0.20 0.46 0.81 

Coal Price     0.01 (0.14) 0.63 

Carbon Price       0.30 0.50 

Power Price         1.26 

Demand           

 3 

Q Mr. Weaver supports the strongly positive correlation between demand and 4 
market price in Sierra DR 2-32b. Do you agree with his assessment? 5 

A No, not at all. Sierra Club questioned if “the positive correlation of 0.75 means 6 

that the Company assumes that retail load will increase as wholesale power prices 7 

increase…” and Mr. Weaver responded that “in the shorter run, as demand 8 

increases … the cost of supplying that power increases as progressively more 9 

expensive units must be dispatched.” 10 

The general principles of economic dispatch over short time periods are not in 11 

dispute. However, this is not the question poised in the Aurora model or answered 12 

by these correlations. The uncertainty in the Aurora model appears to represent 13 
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annual departures from a mean, not movement along a dispatch curve – that type 1 

of movement is not uncertain at all, and not only extremely well characterized by 2 

this dispatch model but completely endogenous. The model is already very well 3 

equipped to increase market prices in response to short term demand increases; 4 

this correlation asks for a representation of how demand shifts in response to price 5 

changes.  6 

Indeed, if we look at annual changes in electricity sales (not de-trended) and 7 

average electricity prices59 from the same dataset provided as the response to 8 

Sierra DR 2-32b60 we see a fairly consistent negative correlation of about -0.36. 9 

This same correlation is repeated for Kentucky and Ohio consumers (-0.37) and  10 

(-0.33). 11 

13. AURORA CONCERNS: USE OF AURORA TO SUPPORT THIS FILING 12 

Q You have finally noted that the Company has not presented the Aurora 13 
model used in this manner to the Commission previously. Why is that 14 
important in this case? 15 

A It is important for the Commission and independent evaluators, such as the 16 

interveners in this and other proceedings, to be able to examine how the Company 17 

uses modeling to support their conclusions – particularly if the basis of a decision 18 

rests so heavily on a modeled outcome, as in this CPCN. The Aurora model, 19 

while apparently only a small part of the overall modeling performed by the 20 

Company, is used by the Company to reject two Options – one of which is, by the 21 

Company’s own estimate, more cost effective than maintaining the Big Sandy 2 22 

unit. It is my belief that if the Company is willing to stand behind the results of 23 

this model as the basis for this billion-dollar decision, then the model should be 24 

robust, transparent, and well audited.  25 

                                                 
59 As used by Mr. Weaver in his testimony for coal and demand correlation in Ex. SCW-1, Table 1-4 
60 US DOE, Energy Information Administration. Data/Sales (consumption), revenue, prices & customers. 
Available at http://www.eia.gov/cneaf/electricity/page/sales_revenue.xls 
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To the best of my knowledge, I understand that this Commission has seen 1 

reference to the Aurora model from KPCo as the mechanism by which the 2 

Company determines commodity prices61 and capacity prices,62 but not as a 3 

decision-making tool unto itself. 4 

Q What is your conclusion regarding the Aurora model as used in this 5 
proceeding? 6 

A Although I am confounded by the lack of transparency into the model inputs and 7 

outputs provided by the Company, from the aspects that I have been able to 8 

review, I have found little consistency between the two models (Aurora and 9 

Strategist), between the filed testimony of Mr. Weaver and the inputs to the 10 

Aurora model, and between the correlations as stated (or used in the model) and 11 

correlations derived from a reasonable use of data. 12 

I have found numerous errors and inconsistencies in the Aurora inputs and 13 

outputs; and with no ability to trace the use or genesis of the data (or errors), it is 14 

nearly impossible to state how influential these errors and inconstancies are in the 15 

final outcome. However, based on my observations of the data presented by the 16 

Company, it is my assessment that the Aurora model, as presented is more likely 17 

erroneous – and potentially biased – then actually useful. 18 

It is my recommendation that the Commission disregard the Aurora analysis in its 19 

entirety. 20 

                                                 
61 See both AEP East 2009 IRP (p81) and 2010 IRP (p79): “The AEP-SEA long-term power sector suite of 
commodity forecasts are derived from the Aurora model. Aurora is a fundamental production-costing tool 
that is driven by inputs into the model, not necessarily past performance. AEP-SEA models the eastern 
synchronous interconnect and ERCOT using Aurora. Fuel and emission forecasts established by AEP Fuel, 
Emissions and Logistics, are fed into Aurora.” 
62 See KPCo response to Staff DR 2-16 in case 2007-04777. 
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14. CONCLUSIONS 1 

Q What conclusions are you able to draw on the basis of your analysis of the 2 
Company’s application for CPCN at the Big Sandy 2 unit? 3 

A I conclude that the Company has not provided sufficient evidence that retrofitting 4 

the Big Sandy 2 unit with an FGD would be the best option for Kentucky 5 

ratepayers. The evidence that the Company has provided is internally inconsistent 6 

and ill-founded; when fundamental errors are corrected, the economic benefit 7 

found by the Company is removed and reversed.  8 

I find that:  9 

 if the Company expects to continue allocating a sizable portion of 10 

revenues from off-system sales to shareholders rather than ratepayers, the 11 

relative advantage of the FGD is greatly diminished; 12 

 according to the Company’s own analysis, using values for capital 13 

expenditure that are consistent with those reported by the Company in 14 

direct testimony, the FGD would be the least economic option of those 15 

examined; 16 

 the Company’s projected CO2 price forecast is inconsistent with other 17 

utilities and the industry at large, and exposes ratepayers to significant 18 

regulatory risk. By correcting this value to even a reasonable low bound, 19 

the, the relative advantage of the FGD retrofit is eliminated; 20 

 adjusting for off-system sales revenues, capital cost corrections, and a 21 

reasonable low bound CO2 price reveals that the FGD is over $600 million 22 

dollars (in cumulative present worth) more expensive than other options 23 

explored by the Company; 24 

 the Company’s risk analysis in Strategist are insufficient to elucidate a 25 

reasonable range of risks to consumers; and 26 
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 the Company’s risk analysis in Aurora is internally inconsistent, 1 

erroneous, and non-transparent, leading us to question its utility and 2 

accuracy. 3 

 4 


