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1. INTRODUCTION AND PURPOSE OF TESTIMONY 1 

Q Please state your name and occupation.  2 

Α My name is Devi Glick. I am a Principal Associate at Synapse Energy 3 

Economics, Inc. (“Synapse”). My business address is 485 Massachusetts Avenue, 4 

Suite 3, Cambridge, Massachusetts 02139. 5 

Q Please describe Synapse Energy Economics. 6 

Α Synapse is a research and consulting firm specializing in energy and 7 

environmental issues, including electric generation, transmission and distribution 8 

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

market power, electricity market prices, stranded costs, efficiency, renewable 10 

energy, environmental quality, and nuclear power. 11 

Synapse’s clients include state consumer advocates, public utilities commission 12 

staff, attorneys general, environmental organizations, federal government 13 

agencies, and utilities. 14 

Q Please summarize your work experience and educational background. 15 

Α At Synapse, I conduct economic analysis and write testimony and publications 16 

that focus on a variety of issues related to electric utilities. These issues include 17 

power plant economics, utility resource planning practices, valuation of 18 

distributed energy resources, and utility handling of coal combustion residuals 19 

waste. I have submitted expert testimony on unit-commitment practices, plant 20 

economics, utility resource needs, and solar valuation before state utility 21 

regulators in Arizona, Connecticut, Florida, Indiana, Michigan, Nevada, New 22 

Mexico, North Carolina, South Carolina, Wisconsin, Virginia, and Texas. In the 23 
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course of my work, I develop in-house electricity system models and perform 1 

analysis using industry-standard electricity system models. 2 

Before joining Synapse, I worked at Rocky Mountain Institute, focusing on a 3 

wide range of energy and electricity issues. I have a master’s degree in public 4 

policy and a master’s degree in environmental science from the University of 5 

Michigan, as well as a bachelor’s degree in environmental studies from 6 

Middlebury College. I have more than seven years of professional experience as a 7 

consultant, researcher, and analyst. A copy of my current resume is attached as 8 

Exhibit DG-1. 9 

Q On whose behalf are you testifying in this case? 10 

Α I am testifying on behalf of Sierra Club. 11 

Q Have you testified previously before the New Mexico Public Regulation 12 

Commission (“Commission”)? 13 

Α Yes. I submitted testimony in Case No. 19-00170-UT, Application of 14 

Southwestern Public Service Company (“SPS” or “The Company”) for Authority 15 

to Revise Rates. I also reviewed the Tolk Analysis and submitted an expert report 16 

for Sierra Club as part of SPS’s Integrated Resource Planning (“IRP”) process in 17 

Case No. 21-00169-UT. 18 

Q What is the purpose of your testimony in this proceeding? 19 

Α In this proceeding, I review SPS’s 2021 Harrington Analysis, presented in the 20 

testimony of Company witness Ben Elsey. I also evaluate the prudence of the 21 

Company’s decision to convert Harrington to operate on gas, relative to 22 

retirement and replacement with alternatives based on the results of its own 23 
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modeling. I present alternative analysis on the cost to replace the Harrington units 1 

using the same modeling platform as the Company (known as EnCompass) and 2 

based on revised assumptions and sensitivities. 3 

Q How is your testimony structured? 4 

Α In Section 2, I summarize my findings and recommendations for the Commission. 5 

In Section 3, I provide a summary SPS’s coal fleet, and introduce SPS’s proposal 6 

to convert the three units at the Harrington Generation Station to operate on gas. 7 

In Section 4, I review the analyses that SPS conducted to justify converting 8 

Harrington to operate on gas to comply with sulfur dioxide (“SO2”) National 9 

Ambient Air Quality Standards (“NAAQS”). I discuss the main drivers of the 10 

company’s results and outline the major shortcomings in its 2021 Harrington 11 

analysis. 12 

In Section 5, I present the results of Synapse’s updated alternatives modeling 13 

analysis. I discuss the correction, updates, and sensitivities that we tested, and I 14 

present the cost and emission results. 15 

Q What documents do you rely upon for your analysis, findings, and 16 

observations? 17 

Α My analysis relies primarily upon the workpapers, exhibits, and discovery 18 

responses of SPS witnesses. I also rely on other publicly available documents. 19 
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2. FINDINGS AND RECOMMENDATIONS 1 

Q Please summarize your findings. 2 

Α My primary findings are: 3 

1. SPS’s 2021 Harrington Analysis that the Company uses to support its 4 

decision to convert the three Harrington units to operate on gas has a 5 

number of flaws and shortcomings. These include: (1) substantially 6 

understating the sustaining capital expenditures at the plant after it 7 

converts to gas; (2) assuming only minimal reductions in pipeline and 8 

capital costs with the retirement of incremental Harrington units; (3) 9 

modeling the wrong fixed operation and maintenance (“FOM”) cost 10 

streams for the units after they convert to operate on gas; (4) overstating 11 

the cost of renewables and battery storage and assuming that the 12 

investment tax credit (“ITC”) expires; (5) failing to model a CO2 price; (6) 13 

failing to model alternative financial assumptions for the undepreciated 14 

plant balance at Harrington after the units retire. 15 

2. SPS has not demonstrated that it needs the capacity provided by all three 16 

Harrington units. In fact, SPS’s modeling shows that all three units are 17 

minimally used after conversion to operate on gas, and Unit 1 at 18 

Harrington is never actually operated after its conversion to gas operation. 19 

3. SPS’s own modeling results do not show meaningful savings from 20 

converting all three units to operate on gas relative to retirement, 21 

especially given the uncertainty in assumptions. In fact, SPS found it costs 22 

less to convert only two units and retire the other one in some of the 23 

scenarios, and in other scenarios SPS did not find an appreciable 24 

difference in the decision to retire two or all three of the units relative to 25 

conversion. 26 
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4. All of SPS’s modeling assumes near-term accelerated depreciation of the 1 

retiring Harrington assets. Under alternative financing mechanisms, 2 

assuming some or all of the balance is disallowed, or assuming that a rate 3 

of return is disallowed post-retirement, any of the cost savings the 4 

Company claims from conversion versus retirement are reduced or 5 

disappear.  6 

5. SPS omitted a carbon dioxide price sensitivity, and consideration from any 7 

future environmental regulations, from its Harrington Analysis. If the 8 

Commission is concerned about minimizing cost risk in the event that a 9 

carbon price or other environmental regulations having material 10 

compliance costs are implemented during the units’ remaining lives, it 11 

would choose to retire between one and three Harrington units. 12 

6. Synapse’s modeling with updated assumptions for renewable and battery 13 

storage costs, as well as realistic ongoing sustaining capital expenditures 14 

at Harrington, finds that it costs less to retire all Harrington Units and fill 15 

any outstanding capacity gaps with Solar PV and battery storage than to 16 

convert the units to gas. 17 

7. Synapse’s modeling shows that retiring one unit is a no-regrets decision 18 

that has essentially the same net present value (“NPV”) as converting all 19 

units to gas, and that retiring all units results in at least $25 million net 20 

present value revenue requirement (“NPVRR”) savings relative to SPS’s 21 

proposal to convert all three to operate on gas. 22 

Q Please summarize your recommendations. 23 

Α Based on my findings, I offer the following recommendations: 24 
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1. The Commission should deny SPS’s request for an order amending its 1 

certificate of public convenience and necessity (“CCN”) to convert the 2 

three Harrington units to operate on gas. 3 

2. If the Commission does not deny SPS’s request for a CCN, at the very 4 

least, the Commission should require the retirement of Unit 1, or affirm 5 

that it will not allow the Company to collect a rate of return on any plant 6 

balances which are not used and useful.  7 

3. The Commission should find that SPS did not meet its obligation to 8 

demonstrate that converting all Harrington units to operate on gas is the 9 

least-cost option. This finding should be based SPS’s use of unrealistic 10 

projections for ongoing capital costs, its failure to conduct a CO2 price 11 

sensitivity, its flawed cost assumption for alterative resources, and its 12 

omission of any analysis on alternative financing mechanisms, such as a 13 

regulatory asset or securitization, which can spread out the costs over the 14 

economic life of the asset. 15 

4. The Commission should require SPS to refresh its request for proposal 16 

(“RFP”) and determine which resources are still available and their 17 

timeline for availability. 18 

3. SPS IS REQUESTING A CCN TO CONVERT ONE OF ITS TWO COAL-FIRED POWER 19 

PLANTS TO OPERATE ON GAS. 20 

Q Describe SPS’s coal-fired fleet. 21 

Α The Company owns two coal-fired power plants. The Harrington Generating 22 

Station is a three-unit coal-fired power plant located near Amarillo, Texas. Unit 1 23 

has a net capacity of 340 MW and is scheduled to retire in 2035. Units 2 and 3 24 

have a net capacity of 355 MW each and are scheduled to retire in 2038 and 25 
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2040.1 The plant burns sub-bituminous coal from the Power River Basin of 1 

Wyoming.2 2 

The Company also owns the Tolk Generating Station, a 1,067 MW, two-unit coal-3 

fired power plant located in Lamb County, Texas. SPS plans to operate both units 4 

seasonally through their scheduled retirement date in 2032. The Company 5 

switched to seasonal operation at Tolk in 2022 because it does not have access to 6 

enough economically recoverable water to operate the plant year-round through 7 

its scheduled retirement date. 8 

Q What is SPS requesting in this case? 9 

Α SPS is requesting that the Commission amend its CCN at Harrington to allow the 10 

conversion of the three coal-power steam turbine units to natural gas (“Harrington 11 

Conversion”). The Company is requesting no change in the retirement dates of 12 

any of the units. 13 

Q What analysis did SPS prepare to support its application for a CCN at 14 

Harrington? 15 

Α In 2019, SPS conducted an initial analysis using the Strategist model to support its 16 

request to accelerate the depreciation of the coal assets at Harrington.3 The 17 

Company subsequently updated its analysis in 2021 (“Harrington 2021 Analysis”) 18 

using the EnCompass model; I will discuss this updated analysis in depth in the 19 

next section. The Company presents this analysis to support its application for a 20 

CCN in this docket. SPS conducted the Harrington 2021 Analysis concurrently 21 

                                                 
1 Direct Testimony of William A. Grant, page 9. 
2 Direct Testimony of Jeffrey L. West, page 4. 
3 Direct Testimony of Ben Elsey, page 12. 



NEW MEXICO PUBLIC REGULATION COMMISSION 
CASE NO. 21-00200-UT 

DIRECT TESTIMONY OF DEVI GLICK 

11 

 

with the Tolk Analysis, which the Company used to support its decision to 1 

continue operating the Tolk units seasonally, rather than retiring and replacing 2 

them with alternatives. 3 

Q What is the undepreciated balance remaining at the Harrington Plant? 4 

Α Harrington has an undepreciated balance of over $240 million as of June of 5 

2021.4 6 

Q Why is it concerning that the plant has such a large undepreciated balance? 7 

Α The large undepreciated balance at the Harrington plant has become, in the eyes 8 

of the utility, a barrier to the retirement of otherwise marginal or uneconomic 9 

generation units. Over the past several years, SPS has invested substantial costs in 10 

both the Tolk and Harrington generating stations despite numerous red flags. 11 

These include: the water shortage challenges at Tolk, SO2 regulatory compliance 12 

concerns at Harrington, evidence that the plants are uneconomic, and 13 

stakeholders’ repeated concerns that ratepayers would be forced to bear the costs 14 

of continued operation and investment at the plants. The utility then cited these 15 

largely self-inflicted undepreciated plant balances, and the near-term impact on 16 

ratepayers, as barriers to early retirement. We saw this first with the Tolk 17 

Analysis in Case No. 20-00169-UT, and now we see it with the Harrington 18 

Analysis. But this claim that ratepayers will be harmed by an early retirement is 19 

based on the assumptions that (1) the Company is entitled to full cost recovery of 20 

the remaining undepreciated plant balance plus a return on that investment, and 21 

(2) the cost recovery must happen entirely before each plant retires. Neither of 22 

these assumptions are justified. 23 

                                                 
4 Ex. DG-2, SPS Response to SC 1-7, Exhibit SPS-SC 1-7(n). 
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As discussed above, SPS now seeks to invest substantial funds at Harrington to 1 

convert the plant to operate on gas and to build a gas pipeline to serve the plant—2 

all while there is substantial evidence that retiring its coal generation assets and 3 

replacing them with clean energy resources is a lower cost option. Any costs 4 

approved to convert the plant to operate on gas and to build the necessary pipeline 5 

infrastructure will only end up further inflating the undepreciated plant balance 6 

and will make early retirement even more of a challenge. 7 

Q Is SPS guaranteed recovery of the full undepreciated plant balance at 8 

Harrington if the plant retires early? 9 

Α No. The Company has not demonstrated that continued investment and operation 10 

of Harrington is prudent relative to alternatives. Therefore, it is not appropriate for 11 

SPS to assume full recovery of its undepreciated plant balance prior to retirement 12 

in all scenarios. 13 

I am not an attorney, but it is my understanding that the Commission has the 14 

ability to weigh the relevant facts when an existing utility plant becomes no 15 

longer used and useful, and to specify alternatives other than full recovery and 16 

return on investment for the undepreciated plant balances if that is in the public 17 

interest. Even if the Commission deems that full recovery is appropriate, the 18 

Commission can require recovery to occur over a lengthier period representing 19 

the plant’s original projected lifetime, rather than all at once. 20 

SPS stated that it did not consider the development of a regulatory asset to allow 21 

the plant balance to be depreciated over the current project lifetime even after it 22 

retires.5 When asked about depreciating the plant balance over the project’s 23 

                                                 
5 Ex. DG-2, SPS Response to SC 4-2(b). 
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current lifetime, SPS indicated that no such analysis was conducted, and that if 1 

such analysis was conducted it would require customers to continue to incur 2 

depreciation expenses for up to 16 years after they are used and useful.6 But it is 3 

inappropriate for SPS to assume that the only option for cost recovery post-4 

retirement is to include the full depreciation expense. 5 

 SPS’s own modeling shows Unit 1 is never used after it is converted to operate 6 

on gas.7 Therefore, is it unclear how the investments being made at Unit 1, and 7 

any associated incremental pipeline or common plant investments to convert Unit 8 

1, meet the definition of used and useful as required for inclusion in rate base. 9 

Q Is there precedent for disallowing or limiting the recovery of costs for a plant 10 

that is retired early? 11 

Α Yes. In Southwest Electric Power Company’s (“SWEPCO”) most recent rate case 12 

PUC Docket No. 51415, the Public Utility Commission of Texas’s proposed 13 

decision allowed SWEPCO to place the undepreciated plant balance for the Dolet 14 

Hills Power Plant into a regulatory asset after the plant retires; but it also 15 

recommended disallowing the Company’s request to earn a rate of return on its 16 

investment once the plant retired.8 SPS should also conduct analysis evaluating 17 

this option for early retirement. 18 

                                                 
6 Ex. DG-2, SPS Response to SC 4-1(b). 
7 Ex. DG-2, SPS Response to SC 1-3, SC 1-3(i) CONF – EnCompass Output Files for 

EO_SPS_2021 CCN_PL_400TRX_2-21-06-21.xlsb. 
8 Proposal for Decisions, SOAH Docket No. 473-21-0538, Pub. Util. Comm’n of Tex. 

Docket No. 51415, page 7, (Aug. 27, 2021). 
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Q Did SPS consider securitization of the undepreciated plant balance or any 1 

other alternatives? 2 

Α No. There is also no evidence that SPS has considered securitization, or any other 3 

approach that would result in recovery of the remaining plant balance but at a 4 

lower rate of return. When asked about this the Company stated “SPS is unaware 5 

of any legal authority permitting the securitization of the undepreciated balance at 6 

the Harrington units.”9  7 

The New Mexico Energy Transition Act (“ETA”) was enacted to authorize 8 

securitization of undepreciated plant balances for abandoned coal plants located 9 

within New Mexico, and also for certain energy transition funding for local 10 

communities. Securitization results in very favorable interest rates for the bonds 11 

which finance these costs. However, the policy embedded in the ETA, that 12 

utilities shall only receive a return of undepreciated asset balances for abandoned 13 

plants, and not receive any return on such investment, or only the cost of debt, is 14 

implementable without securitization.  15 

In Case No. 16-00276-UT, predating the ETA, the Commission ordered that 16 

Public Service Company of New Mexico (“PNM”) would only be able to recover, 17 

at most, a return based on the cost of debt for certain Four Corners coal plant 18 

investments.10 In another case predating the ETA, the Commission accepted a 19 

stipulation in connection with the early retirement of two of the four units at the 20 

San Juan Generating Station in which ratepayers were required to pay for only 50 21 

percent of the undepreciated plant balances. 22 

                                                 
9 Ex. DG-2, SPS Response to SC 1-11. 
10 Case No. 16-00276-UT, Revised Order Partially Adopting Certification of Stipulation 
at ¶ 67 (Jan. 10, 2018). 
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SPS should have provided an analysis evaluating retirement with recovery only at 1 

the cost of debt as an option, and also at varying percentages of recovery. 2 

Q What evidence do you have that Harrington has been operating 3 

uneconomically? 4 

Α In Case No. 19-00170-UT, I presented analysis showing that Harrington incurred 5 

net losses of $191 million11 over the four-year period between 2015–2018 on a 6 

total cost basis, and $35 million on just a variable cost basis.12 I also found that 7 

Harrington was likely to lose ratepayers anywhere between $49 million and $510 8 

million between 2020–2032 (with the likely value falling around $202 million).13 9 

4. SPS’S HARRINGTON 2021 ANALYSIS DOES NOT SUPPORT THE COMPANY’S REQUEST 10 

TO CONVERT THE PLANT TO OPERATE ON GAS. 11 

Q Is SPS required to convert Harrington to operate on gas or else shut the 12 

plant down? 13 

Α Yes. Air quality monitoring data demonstrates that Harrington is causing 14 

significant and routine violations of the health-based SO2 NAAQS. To address 15 

those violations of the Clean Air Act’s health-based standards, the Company was 16 

required to study the cost of retrofitting the plant to continue operation on coal, 17 

converting the plant (partially or entirely) to operate on gas, or retiring the plant 18 

and replacing it with alternatives. On October 27, 2020, the Texas Commission on 19 

Environmental Quality (“TCEQ”) issued an administrative order requiring SPS to 20 

                                                 
11 Ex. DG-3, Direct Testimony of Devi Glick, page 11. Case No. 19-00170-UT (filed 

Nov. 22, 2019). 
12 Id., page 16. 
13 Id., page 29.  
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cease burning coal at the Harrington units by January 1, 2025. Although the 1 

administrative order also directs SPS to make appropriate modifications to the 2 

units to burn gas, the order does not preclude SPS from retiring one or more 3 

Harrington units, so long as the Company ceases burning coal at all three units by 4 

January 1, 2025.14 5 

Q Explain how the NAAQS regulations for SO2 apply to the Harrington plant 6 

in this docket. 7 

Α Under the Clean Air Act, the U.S. Environmental Protection Agency (“EPA”) is 8 

required to set NAAQS for pollutants considered harmful to public health and the 9 

environment. Compliance is monitored by the EPA and TCEQ. One of the 10 

pollutants regulated under the NAAQS is SO2, which is a major pollutant emitted 11 

from coal plants. 12 

In 2016, TCEQ installed monitors in the vicinity of Harrington and found that 13 

over the three-year period between 2017–2019, SO2 levels exceeded the standard 14 

of 75 parts per billion (“ppb”). Because Harrington emits the majority of SO2 15 

emissions in Potter County, it was found to be a major contributor to the 16 

monitored violations of the SO2 NAAQS.15 17 

To address those air quality violations, TCEQ required SPS to develop a plan to 18 

comply with NAAQS standards. This plan was submitted to the TCEQ and agreed 19 

to in October 2020. The compliance date was set for January 1, 2025. The agreed 20 

                                                 
14 See Direct Testimony of Jeffrey L. West, Attachment JLW-1 at 4. 
15 Direct Testimony of Jeffrey L. West, page 6. 
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order required SPS to convert Harrington to operate on gas and cease all coal 1 

burning by January 1, 2025.16 2 

Q Are there any other environmental regulations directly relevant to the 3 

Harrington plant in this docket? 4 

Α Yes. There are likely to be future regulations on carbon emissions that are 5 

relevant to the Company’s decision here. Additionally, even if Harrington were 6 

not violating the SO2 NAAQS as discussed above, the Clean Air Act’s Regional 7 

Haze program would likely require the Harrington units to reduce emissions to 8 

protect visibility in national parks and wilderness areas. Under the Regional Haze 9 

Rule, states (or EPA, where the state fails to act) must implement Clean Air Act 10 

plans that require many older and disproportionately large sources of pollution, 11 

like Harrington Units 1 and 2, to install and operate “best available retrofit 12 

technology” to reduce SO2, nitrogen oxide, and particulate matter pollution that 13 

impair air quality in certain national parks and wilderness areas.17 Separately, 14 

states and EPA are required this year, and again in 2028, to reevaluate all major 15 

sources of haze-causing pollution and to adopt pollution controls as necessary to 16 

ensure “reasonable progress” towards the national goal of eliminating haze 17 

pollution in all protected national parks and wilderness areas.18   18 

Because Texas failed to submit a lawful haze plan addressing “best available 19 

retrofit technology” for sources like Harrington, EPA proposed a regulation on 20 

                                                 
16 Id. page 8. As noted, although the TCEQ order directs SPS to convert the Harrington 

Units to burn gas, the order “does not . . . prohibit any modification of the facility . . . so 
long as such modification does not conflict with” the requirement to cease burning coal 
at all three units by January 1, 2025. See id., Attachment JWL-1 ¶¶ I.15 and II.1. 

17 See generally 42 U.S.C. § 7491(b)(2); 40 C.F.R. § 51.308(e). 
18 40 C.F.R. § 51.308(d), (f).  
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January 4, 2017 that would have required Harrington Units 1 and 2 to install and 1 

operate flue gas desulfurization technology (“scrubbers”) to reduce SO2 2 

emissions. EPA subsequently withdrew that proposal and finalized an emission 3 

trading rule in lieu of pollution controls. However, the federal agency’s trading 4 

rule has been challenged in federal court and the new administration announced 5 

its intent to reconsider the imposition of source-specific controls to satisfy the 6 

Clean Air Act’s best available retrofit requirements. Thus, setting aside 7 

compliance with the SO2 NAAQS, the installation of scrubbers at Harrington 8 

Units 1 and 2 to comply with the Regional Haze Rule would cost approximately 9 

$400 million.19  10 

Meanwhile, Texas and EPA are currently evaluating whether additional pollution 11 

controls to reduce SO2 or nitrogen oxides from large electric generating units are 12 

necessary to fulfill the Clean Air Act’s separate reasonable progress requirements. 13 

Even if the Harrington units are converted to burn gas, compliance with the Act’s 14 

reasonable progress requirements could necessitate the installation of pollution 15 

controls to reduce nitrogen oxides. Under the Regional Haze Rule, EPA and other 16 

states have routinely required electric generating units without post-combustion 17 

nitrogen oxide controls, such as Harrington, to install and operate selective 18 

catalytic reduction (“SCR”) or selective noncatalytic reduction (“SNCR”) 19 

technology to reduce NOx emissions.20   20 

                                                 
19 Ex. DG-4, SPS, 2021 Integrated Resource Plan, Appendix K at 7, Case No. 21-00169-

UT (July 16, 2021). 
20 In response to requests for information, SPS indicated that it anticipates Harrington’s 

emission rates to be similar to Jones Unit 2, which the Company assumes will achieve a 
NOx emission rate of 0.1 lbs/mmbtu. SPS Response to SC 4-8 (referencing Resource 
Annual Emissions tab in the EnCompass Output Files provided in Exhibit SPS-SC 1-
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SPS’s 2021 IRP included a qualitative description of the potential impacts of the 1 

Regional Haze Rule at Harrington, but the current CCN application fails to 2 

mention the environmental compliance risks associated with Regional Haze and 3 

fails to model any scenario that includes the compliance costs that could be 4 

required to continue operating the Harrington units throughout their currently 5 

planned life-spans.   6 

Q What analysis did SPS conduct to justify conversion of, and continued 7 

investment in, the Harrington plant? 8 

Α SPS modeled various scenarios and determined that compliance required either 9 

pollution controls, conversion to gas, or retirement. SPS’s initial economic 10 

analysis was conducted in 2019 using the Strategist model. SPS then switched to 11 

the EnCompass model and updated its analysis in 2021 to support its application 12 

to convert the plant to operate on gas. The Harrington 2021 Analysis compared 13 

                                                 
3(i)(CONF). SPS did not provide any analysis supporting this assumption. Modern 
NOx controls are capable of achieving an emission rate of 0.05 lbs/mmbtu NOx—about 
a 50 percent reduction from SPS’s anticipated emissions—and EPA and other states 
have concluded that such controls are cost-effective under the Regional Haze program. 
See, e.g., 76 Fed. Reg. 52,387 (Aug. 22, 2011) (requiring the San Juan Generating 
Station in New Mexico to install selective catalytic reduction technology and meet a 
NOx emission rate of 0.05 lbs/mmbtu). While we can’t estimate the exact cost of SCR 
or SNCR technology for Harrington, the EPA’s Integrated Planning Model (IPM) cost 
methodology provides a range for SCR and SNCR technologies (see Ex. DG-5, EPA 
IMP v6 – Emission Control Technology Attachment 5-3 SCR Cost Development 
Methodology (Jan. 2017) and Attachment 5-4 SNCR Cost Development Methodology 
(Jan. 2017)). The EPA estimates that installing SNCR at a 500 MW unit would cost 
approximately $11.7 million in 2021$ and installing SCR at a 600 MW unit would cost 
$368 million. Using this as a proxy for the three Harrington units implies a range of $25 
million - $368 million to install NOx pollution control measures, a total which does not 
include annual O&M costs. Even if Harrington were not required to install additional 
controls, the continued operation of the units could require costs to optimize its current 
control equipment. 
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the revenue requirement of (1) complying with SO2 NAAQS by adding 1 

environmental retrofits to the Harrington units; (2) retrofitting the three 2 

Harrington units to operate on gas and building out the necessary gas pipeline 3 

infrastructure; (3) retiring one of more of the units and replacing them with 4 

alternatives. 5 

Q What did SPS find about the economics of continuing to operate the plant on 6 

coal? 7 

Α SPS found that it is more expensive to install environmental upgrades to comply 8 

with the SO2 standards necessary to continue operating the plant on coal than to 9 

convert or retire the plant. 10 

Q What is SPS proposing in its application? 11 

Α SPS is proposing to convert all three units at Harrington to operate on gas by the 12 

end of 2024. The conversion will not change the capacity of the plant.21 To meet 13 

the plant’s natural gas requirements, SPS is proposing to build a new 20-inch 14 

diameter natural gas supply line that will connect to two different gas supply 15 

transmission lines 20 miles northwest of the plant.22 16 

                                                 
21 Direct Testimony of Mark Lytal, page 10. 
22 Id., page 9. 
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Q What assumptions did SPS make about the operational performance of the 1 

Harrington Plant if converted to gas operation? 2 

Α For heat rate, SPS assumed that the plant would operate in the range of 3 

 This is no more efficient than what SPS modeled for the plant 4 

when operating on coal between 2022–2024, where it had a heat rate range of 5 

.24 SPS indicated that it relied upon the emission rates of 6 

its most similar gas-steam unit, Jones 2, for modeling the Harrington units after 7 

they convert to gas operation.25 8 

As shown in Table 1, SPS projects that Harrington’s emissions rate will fall by 9 

around 40 percent, its SO2 rate will drop to zero, its NOx rate will decline by 10 

around one-quarter, and its particulate matter rate will drop by around 30-40 11 

percent. 12 

                                                 
23 Calculated based on outputs of SPS Response to SC 1-3, SC 1-3(i) CONF, Encompass 

Optimized Database 10.18.21. 
24 Id. 
25 Ex. DG-2, SPS Response to SC 4-8. 
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Table 1: CONF Average emissions rates of Harrington on coal and on 1 
gas 2 

 lb/MWh lb/MWh lb/MWh lb/MWh lb/MWh 
Unit Name CO2 SO2 NOx PM Hg 

Harrington 1 – Coal 2,180 4.91 1.70 0.53 0.01 
Harrington 1 – Gas NA NA NA NA NA 
Harrington 2 – Coal 2,135 4.77 1.41 0.12 0.01 
Harrington 2 – Gas 1,259 0.1 1.14 0.08 0.00 
Harrington 3 – Coal 2,280 4.98 1.49 0.15 0.01 
Harrington 3 – Gas 1,258 0.01 1.14 0.08 0.00 

Q How would the Harrington units, after conversion to gas, compare to other 3 

gas generating plants? 4 

Α The Harrington units would not be very attractive gas-fired generation assets. The 5 

units’ projected heat rate will be more than  (i.e., less efficient) than 6 

the heat rates for current combined cycle gas plants, which average around 7,604 7 

btu/kWh).26 The Harrington units’ heat rates will be  8 

heat rates of many gas-fired combustion turbine peakers, but the units will have 9 

none of the performance benefits of a combustion turbine plant such as fast 10 

ramping.27 Without even doing any modeling, I can say it is likely that these 11 

plants would only be called upon in an economic dispatch scenario when there are 12 

outages at more efficient plants or when there are other unusual system 13 

conditions.  14 

                                                 
26 U.S. Energy Information Administration (EIA), Form EIA-860. Table 8.2 Averages 

Tested Heat Rates by Prime Mover and Energy Source, 2010-2020. Available at 
https://www.eia.gov/electricity/annual/html/epa_08_02.html. 

27 Id. 
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Q What did SPS’s modeling show about the utilization of the Harrington plant 1 

after it is converted to gas operation? 2 

Α SPS’s modeling results show that the Company assumed the plant would operate 3 

only minimally after conversion to gas operation (as shown in Table 2). 4 

Specifically, SPS modeled the Harrington units at a capacity factor of between 5 

45.2 percent and 77.7 percent while operating on coal between 2022 and 2024. 6 

After the units are converted to operate on gas, SPS models the unit’s operating at 7 

a maximum capacity factor of 3.9 percent, with Harrington 1 not operating at all 8 

after it is converted to operate on gas. This substantial change in capacity factor 9 

once the units convert to gas operation is mainly driven by the fuel delivery cost 10 

adder that SPS attaches to the Harrington units in EnCompass. This input 11 

increases the cost of delivered fuel at Harrington  12 

 with an average increase of  between 2025 and 13 

2041, when compared to new gas combustion turbines.28 Separate from the 14 

delivery cost adder, there is an additional cost of approximately  15 

applied to Harrington fuel costs via a plant-specific commodity charge.29 16 

These delivery and commodity adders were included in SPS’ EnCompass input 17 

files and remained unchanged in all modeled scenarios discussed in this 18 

testimony. 19 

                                                 
28 SPS Response to SC 1-3(i) CONF, EnCompass Optimized Database Input Files, 
SPS_ReferenceCase_1H21_2021-06-21.  

29 Id. 
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Table 2: Average annual capacity factors at Harrington on coal and 1 
gas 2 
Unit Harrington (3 units) on 

Coal (2022-2024) 
Harrington (3 units) on Gas  

(2025 – 2040) 
 Min Max Min Max 
Harrington 1 51.2% 64.5% 0% 0% 
Harrington 2 45.2% 70.8% 0% 1.9% 
Harrington 3 57.6% 77.7% 0% 3.9% 

Source: Calculated based on SPS Response to SC 1-3(i) CONF, EnCompass Output Files, 3 
EO_SPS_2021_CCN_PL_400_TX_2021-06-21. 4 

Q How does SPS explain investing tens of million dollars in a gas pipeline and 5 

plant upgrades for a resource that will operate on average less than 2 percent 6 

of the time? 7 

Α SPS does not explain this at all. But these results show that SPS is either (1) 8 

planning to maintain Harrington as strictly a capacity resource and rely on the 9 

plant only minimally as an energy resource; or (2) significantly understating how 10 

often the Harrington plant will actually operate and the associated costs that SPS 11 

will incur to operate it.   12 

Both options are concerning. The first, because the Company is investing 13 

substantially in a plant that will almost never run. The second, because in the 14 

Harrington Analysis, the plant operated very minimally in the model based on 15 

plant economics. This means that SPS can meet its energy needs through a 16 

combination of its lower cost generation resources and market purchases. But 17 

there is no requirement that SPS actually operate the plant in alignment with its 18 

modeling. And unlike a new combustion turbine or other gas peaking resource, 19 

Harrington is not small and nimble, will not be able to provide fast-ramping 20 

generation capability, and will require potentially significant continued 21 
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investment to stay operational. It is hard for a utility to justify continued 1 

investment in a plant that is only minimally utilized. 2 

Another concern is whether SPS will be able to secure a firm gas contract that 3 

will give it access to enough gas to run each plant at full capacity during only 4 

peak times. SPS is proposing to build a pipeline and invest in upgrades for Unit 1, 5 

all while appearing to intend to never actually to use it. 6 

Q Given SPS’s projected reductions in air pollution with the gas conversion, 7 

isn’t it reasonable to assume that there will be little, if any, environmental 8 

compliance costs associated with converting the Harrington units?  9 

Α No, not necessarily. While SPS projects that emissions will decrease by around 40 10 

percent, that projection is based solely on the economic model’s projected 11 

operation of the units. If the Harrington units are, in fact, operated only 2 percent 12 

of the time, as the model forecasts, emissions will decrease. Setting aside the 13 

prudence of spending approximately $75 million to convert a plant to operate a 14 

plant only 2 percent of the time, that low projected capacity factor will not 15 

necessarily avoid environmental compliance risk. 16 

Under the Clean Air Act’s Regional Haze program, for example, states must 17 

require large sources to install cost-effective pollution controls to protect air 18 

quality in national parks. To the extent that a state declines to impose additional 19 

pollution controls for any source based on that source’s decline in utilization, the 20 

state must incorporate those operating parameters or assumptions as enforceable 21 
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limitations in its regional haze regulation 40 C.F.R. §§ 51.308(i); (d)(3); (f)(2).30 1 

In other words, in evaluating the necessity of pollution controls, EPA generally 2 

evaluates the pollution benefits of controls based on a source’s potential to emit, 3 

not the source’s unenforceable intention to operate for only limited hours. Thus, 4 

without a federally enforceable limitation on the hours of operation at Harrington, 5 

the conversion of those units to gas carries continued risk that the units could be 6 

required to install additional pollution controls to further reduce NOX and 7 

particulate matter.    8 

Q Do you have any other specific concerns with SPS’s Harrington 2021 9 

Analysis? 10 

Α Yes. As an overarching point, it is implausible to assume that a coal plant that is 11 

marginal today will somehow become more economic as its equipment ages, 12 

renewables come onto the grid, and the grid itself faces carbon constraints—just 13 

because it is converted to operate on gas. It is still fundamentally an old, 14 

inefficient, steam plant. The Harrington units, when converted to natural gas, will 15 

be neither as efficient as a modern combined gas cycle plant, nor as flexible and 16 

responsive as a CT. 17 

Preserving all three units at Harrington as a gas-fired plant best serves the 18 

Company’s shareholders’ interest by guaranteeing continued recovery of the 19 

undepreciated plant investments and providing a rate of return on the existing 20 

balance and any new capital investments. But it is not the best alternative for SPS 21 

                                                 
30 See also EPA, Guidance on Regional Haze State Implementation Plans for the Second 
Implementation Period at 22, 34, 42-43 (Aug. 20, 2019). Available 
athttps://www.epa.gov/sites/production/files/2019-08/documents/8-20-2019_-
_regional_haze_guidance_final_guidance.pdf. 

https://www.epa.gov/sites/production/files/2019-08/documents/8-20-2019_-_regional_haze_guidance_final_guidance.pdf
https://www.epa.gov/sites/production/files/2019-08/documents/8-20-2019_-_regional_haze_guidance_final_guidance.pdf
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customers. Given this reality, SPS had to rely on overly conservative and 1 

unrealistic assumptions to produce the results it presented. 2 

Aside from that general concern, I have the following specific concerns with 3 

SPS’s Harrington 2021 Analysis:  4 

1. Interpretation of results: The results do not definitively show that 5 

converting Harrington to operate on gas costs less than retiring one or 6 

more of the units. In fact, some of SPS’s scenarios showed savings from 7 

retiring at least one unit under some scenarios. This is before factoring in 8 

the risk of CO2 prices or other possible environmental regulation over the 9 

plant’s remaining life. 10 

2. CO2 price: SPS did not model a CO2 price. 11 

3. New gas pipeline costs: SPS claimed no cost savings when scaling 12 

pipeline costs down from three units to two units.31 But SPS could build a 13 

smaller pipeline to serve only one unit, saving approximately $17.5 14 

million.32 15 

4. Undepreciated plant balance: SPS relied on the assumption that if the 16 

plant, or an individual unit, retires early, the entire remaining balance for 17 

that unit (or plant) has to be paid off by the ratepayers on an accelerated 18 

basis prior to retirement. Under alternative financial scenarios, retirement 19 

is more beneficial to ratepayers.   20 

5. Capacity need: SPS has not demonstrated the need for the capacity from 21 

all three units. 22 

                                                 
31 Ex. DG-2, SPS Response to SC 1-4(e)(i), Attachments Encompass Cost Inputs – Gas 

Conversion, and Encompass Cost Inputs – Partial Gas Conversion. 
32 Direct Testimony of William A. Grant, page 5. 
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6. Sustaining capital expenditures: SPS’s sustaining capital investment 1 

assumption for each unit when operating on gas are extremely low and 2 

unsupported. Specifically, without justification, the Company assumes that 3 

capex costs under gas operations will be only a fraction of the costs it has 4 

been incurring historically at its gas steam plants. Second, the Company 5 

assumed no additional environmental compliance costs over the next 20 6 

years. Additionally, SPS assumed only minimal incremental capex cost 7 

savings when retiring one unit and two units relative to retiring all three. 8 

7. Fixed O&M: SPS’s fixed O&M cost adjustments when converting from 9 

coal to gas are incorrect. 10 

8. Solar PV capital costs: SPS assumed that the federal ITC expired and 11 

was not extended for future solar PV projects. 12 

9. Battery storage capital cost: SPS modeled battery storage capital and 13 

FOM cost together as a single FOM stream. This obscured the Company’s 14 

individual assumption around capital cost and FOM costs. 15 

Q Explain your concerns with the level of savings that SPS used to justify the 16 

decision to convert Harrington to operate on gas. 17 

Α SPS asserts that its results show that it is lower cost to retrofit Harrington to 18 

operate on gas than to retire the plant by the end of 2024. But the NPV of 19 

converting all three Harrington units to operate on gas is only marginally lower 20 

than the NPV of retiring and replacing all three units, even in SPS’s own 21 

modeling. SPS’s own results show that it is actually lower cost to retire one unit 22 

and only convert two (instead of all three). The deltas SPS found between the 23 

retirement scenario (full and partial) are very small relative to the Company’s 24 

entire revenue requirement and could easily flip under slightly different and more 25 

realistic assumptions, as I show in this and the next section. 26 
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The projected savings is not immaterial, but when the input assumptions are 1 

flawed and highly uncertain over an extended planning period, this finding does 2 

not represent a significant result. In other words, the uncertainty or margin of 3 

error around each individual assumption is likely larger than the savings SPS 4 

reported. 5 

Q Explain your concerns with SPS not evaluating a CO2 price sensitivity as 6 

part of its Harrington 2021 Analysis. 7 

Α SPS failure to evaluate a carbon price sensitivity as part of the Harrington 2021 8 

Analysis means that it did not incorporate carbon risk into its evaluation of 9 

whether to convert Harrington to gas or retire the plant. When asked about this, 10 

SPS stated that the Company did not “evaluate a speculative carbon pricing as 11 

part of the Harrington analysis as no such policy or regulation exists today or has 12 

ever been proposed in an actionable form.”33 This is concerning because SPS did 13 

evaluate carbon sensitivities as part of the IRP modeling in Case No. 21-00168-14 

UT, and the carbon price has a large impact on the IRP results. While Harrington 15 

will emit less CO2 operating on gas than it does currently operating on coal, it is 16 

still an aging, 30-plus-year-old fossil unit that emits a substantial quantity of CO2.  17 

As a steam-cycle plant, Harrington’s converted units will have neither efficient 18 

heat rates or the flexibility to support wind and solar generation. A poor heat rate 19 

not only means higher fuel costs, it also means higher CO2 emission per 20 

megawatt-hour of electricity produced. If a CO2 price is imposed on Harrington’s 21 

emissions at some point over the next 18 years (which is likely) that cost penalty 22 

would affect Harrington more than other gas plants in the Company’s fleet (or in 23 

                                                 
33 SPS Response to SC 4-4(b). 



NEW MEXICO PUBLIC REGULATION COMMISSION 
CASE NO. 21-00200-UT 

DIRECT TESTIMONY OF DEVI GLICK 

30 

 

the SPP) and lead to even lower utilization than the 2 percent the Company 1 

projects.  2 

The $60 million in new gas pipeline investment costs needs to be factored against 3 

that risk. Additionally, CO2 price sensitivities serve as a proxy for other types of 4 

environmental regulation targeting CO2 emissions and making fossil fuel plants 5 

more costly. 6 

Q Explain your concerns with SPS’s assumptions about the cost of the gas 7 

pipeline. 8 

Α SPS claimed there were no cost savings possible when scaling pipeline costs 9 

down from three units to two units and did not conduct any robust analysis on the 10 

potential cost savings if only one unit was converted. The Company did say it 11 

could likely build a smaller pipeline with only one unit but went on to admit that 12 

the Company “has not conducted detailed analysis to determined what cost 13 

savings, if any, might be achieved through the installation of a smaller pipeline. 14 

Indicative numbers for a smaller pipeline were developed and used in evaluating 15 

for a single unit conversion.”34 The indicative savings SPS modeled were 16 

approximately $17.5 million or 27 percent of the full pipeline cost with the 17 

conversion of just one unit.35 18 

Additionally, SPS indicated that it has not yet obtained authorization from any 19 

federal agencies for the pipeline. In fact, SPS has not had any correspondence 20 

with the U.S. Army Corp, the Fish and Wildlife Service, the EPA, or TCEQ about 21 

                                                 
34 Direct Testimony of Mark Lytal, page 12. 
35 Direct Testimony of William A. Grant, page 5. 
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the project.36 It is my understanding that to move forward with the pipeline SPS 1 

would need certification from U.S. Army Corp of Engineers under Nationwide 2 

Permit 12, authorization from the EPA and TCEQ under the Clean Water Act, and 3 

authorization from the Fish and Wildlife Service and Texas Parks & Wildlife 4 

Department the Endangered Species Act. This lack of communication is 5 

concerning because it is likely that the permitting process will require more time 6 

and resources than SPS has anticipated. 7 

Q Explain your concerns with SPS’s assumption around Harrington’s 8 

undepreciated plant balance. 9 

Α SPS relies on the assumption that if the plant, or an individual unit, retires early, 10 

the entire remaining balance for that unit (or plant) has to be paid off by the 11 

ratepayers on an accelerated basis prior to retirement. This front-loads the capital 12 

expenses for ratepayers, which results in a substantial increase in the NPVRR 13 

over the near term (2022–2024). But SPS is not guaranteed recovery of the full 14 

undepreciated balance at Harrington, with or without a return—especially if the 15 

assets are no longer used and useful. Additionally, there are alternative financing 16 

options, such as securitization and creation of a regulatory asset that can lower the 17 

cost of recovering the undepreciated plant balance, even after a plant retires. SPS 18 

should have explored all of these options and presented these scenarios. This is 19 

information the Commission needs to evaluate in order to grant the requested 20 

CCN.   21 

                                                 
36 Ex. DG-2, SPS Response to SC 4-12; SPS Response to SPS 4-13; SPS Response to SC 
4-14; SPS Response to SC 4-15. 
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Q Explain your assertion that SPS has not justified the need for all the 1 

Harrington capacity. 2 

Α SPS developed two different long-term load forecasts: first, a Financial Forecast 3 

that represents SPS’s median expectation for future energy and peak demand, and 4 

second, a Planning Forecast that “accounts for the uncertainty in the pace of oil 5 

and gas expansion in the service territory.”37 The Planning Forecast represents the 6 

85th percentile of the Financial Forecast and shows energy sales that are 31 7 

percent higher and peak demand that is 20 percent higher than the Financial 8 

Forecast for 2041.38 9 

SPS relied on the higher Planning Forecast as the basis of the Harrington 2021 10 

Analysis, but it also modeled sensitivities using the Financial Forecast. SPS 11 

acknowledged that it has sufficient resources to meet its planning reserve margin 12 

in 2024, and that retiring one Harrington unit would not impact that.39 But the 13 

Company claimed that if it retired one Harrington unit, it would need additional 14 

resources starting in 2025. As shown in Table 3, this need is only one year earlier 15 

than SPS’s anticipated resource need even with all units converted to operate on 16 

gas (2026). When using the Financial Forecast, SPS’s resource need is pushed 17 

back to years until 2027.40 These two years could be valuable in allowing SPS 18 

time to build new resources and apply for interconnection approval for 19 

replacement resources. 20 

                                                 
37 Direct Testimony of John M. Goodenough, pages 6-7. 
38 Id., page 15. 
39 Ex. DG-2, SPS Response to SC 1-12. 
40 Ex. DG-2, SPS Response to SC 1-13, Exhibit SPS-SC 1-13. 
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Table 3: Resource position for Planning Forecast and Financial 1 
Forecast 2 
Resource Position 2025 2026 2027 2028 2029 2030 
Planning Forecast       
Assuming all Harrington 

Units are Converted 234 (70) (199) (502) (699) (774) 

Assuming Harrington 
Unit 1 is Retired (106) (410) (539) (842) (1,039) (1,114) 

Financial Forecast       
Assuming all Harrington 

Units are Converted 606 347 279 23 (134) (168) 

Assuming Harrington 
Unit 1 is Retired 266 7 (61) (317) (474) (508) 

Source: Exhibit SPC-SC 1-13. 3 

Q Explain your concerns with SPS’s sustaining capital expenditure assumption 4 

for the plant when operating on gas. 5 

Α SPS’s sustaining capital expenditure assumption for each unit when operating on 6 

gas is implausibly low. SPS assumed annual capital expenditures of $3.75 million 7 

per year (escalated at 2 percent per year) after the units were converted to operate 8 

on natural gas. SPS’s source for its $3.75 million estimate is “discussions with the 9 

Xcel Energy Projects team.”41 The lack of support for this low estimate is 10 

concerning for a number of reasons:  11 

• The historical average capex spending at Harrington when operating on coal is 12 

five times higher—around $18.6 million per year.42 13 

• Industry standard estimates produced by the firm Sargent & Lundy for the 14 

U.S. Energy Information Administration (U.S. EIA), were within 25 percent 15 

                                                 
41 Ex. DG-2, SPS Response to SC Request 3-3 (a). 
42 Ex. DG-2, SPS Response to SC Request 1-7 (i, j) 
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of SPS’s actual reported sustaining capital costs when the plant was operating 1 

on coal but are around four times higher than what SPS estimates with the 2 

plant operating on gas. Specifically, Sargent and Lundy estimated capex for a 3 

gas steam plant over 1,000 MW and over 30 years in age at $12.5 million a 4 

year.43  5 

• SPS’s reported capital spending at its gas steam plants in the prior rate case 6 

(test year April 1 2018 – March 31, 2019), worked out to an average of $8.6 7 

million per year in capital investments when scaled to a plant the size of 8 

Harrington.44 9 

Table 4 below summarizes the cost comparisons discussed above. 10 

                                                 
43 Ex. DG-6, Sargent & Lundy Consulting, prepared for U.S. EIA. Generating Unit 

Annual Capital and Life Extension Costs Analysis, December 2019. Available at 
https://www.eia.gov/analysis/studies/powerplants/generationcost/pdf/full_report.pdf. 

44 Ex. DG-7, Attachment LJW-2 to Direct Testimony of Laurie Wold on Behalf of SPS, 
Case No, 19-00170-UT. 
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Table 4: Sustaining capital expenditure estimates vs actual spending 1 
for steam coal plans and steam gas plants 2 

 
 Annual Capex 

Spending ($2021) 
 Item Description  $Million 
Coal Capex   
Harrington historical capex 
spending (coal) 

Average of 2015 – 2020 actual 
spending $18.59 

U.S. EIA estimate of 
sustaining capex for steam 
coal plant 

Sargent and Lundy report, plant 
30-40 years old, no FGD $24.12 

Gas Capex   
Harrington projected capex 
spending (gas) 

Projection for 2024 – 2040, 
escalated at 2%/year $3.75 

U.S EIA estimate of 
sustaining capex for steam 
gas plant 

Sargent and Lundy report, plant 
>30 years old, >1000 MW $12.47 

SPS historical capex spending 
on steam gas plants 

Rate case spending, April 1, 
2018 – March 31, 2019 for 
company’s steam gas units 

$8.58 

Source: Calculations based on SPS Response to SC Request 3-3 (a); Ex. DG-7, Exhibit 3 
Attachment LJW-2 to Direct Testimony of Laurie Wold on Behalf of SPS, Case No, 19-00170-UT; 4 
Ex. DG-6, Sargent & Lundy Consulting, prepared for U.S. EIA. Generating Unit Annual Capital 5 
and Life Extension Costs Analysis, December 2019. 6 

Q Do SPS’s assumptions around sustaining capital expenditures have a large 7 

impact on its overall findings? 8 

Α Yes. As shown in Table 5, SPS estimated the NPV of sustaining capital 9 

expenditures for Harrington operating on gas at between $16.1 million (with one 10 

unit converted) and $33.9 million (with all units converted) over the remaining 11 

life of the plant.45 These values are substantially lower than the $42.8 million (one 12 

unit converted) to $58.0 million (three units converted) range we estimate based 13 

                                                 
45 Ex. DG-2, SPS Response to SC Request 3-3(a). 
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on SPS’s historical spending on its gas steam plants,46 and the $79.9 million (one 1 

unit converted) to $167.8 million (three units converted) we estimated based on 2 

the EIA’s methodology.47 While its reasonable that SPS would want to minimize 3 

investments at a plant with such a low projected capacity factor, there is a 4 

baseline level of investment and maintenance required to ensure the plant is 5 

actually reliable and functional when needed. In total, this means that SPS has 6 

very likely understated the ongoing costs required to maintain the Harrington 7 

plant by between $42.8 million and $133.9 million.  8 

Table 5: Total capex spending at Harrington using original and 9 
updated assumptions 10 

Total capex spending (NPV $2021 
Million) 

Convert 3 
units to gas 

Convert 2 
units to gas 

Convert 1 
unit to gas 

Total 
SPS projection for sustaining capex on 

gas in Harrington 2019 Analysis $33.9 $25.7 $16.1 

U.S. EIA estimate of sustaining capex 
for steam gas plant $167.8 $127.6 $79.9 

SPS historical capex spending on steam 
gas plants $91.8 $77.5 $58.9 

Delta between SPS projection and updated sustaining capex assumptions 
U.S. EIA estimate of sustaining capex 

for steam gas plant $133.9 $101.8 $63.7 

SPS historical capex spending on steam 
gas plants $58.0 $51.7 $42.8 

Source: Calculations based on SPS Response to SC Request 3-3 (a); Ex. DG-7, Exhibit 11 
Attachment LJW-2 to Direct Testimony of Laurie Wold on Behalf of SPS, Case No, 19-00170-UT; 12 
Ex. DG-6, Sargent & Lundy Consulting, prepared for U.S. EIA. Generating Unit Annual Capital 13 
and Life Extension Costs Analysis, December 2019. 14 

                                                 
46 Calculated based on Ex. DG-7, Attachment LJW-2 to Direct Testimony of Laurie 

Wold on Behalf of SPS, Case No, 19-00170-UT. 
47 Ex. DG-6, Sargent & Lundy Consulting, prepared for U.S. EIA. Generating Unit 

Annual Capital and Life Extension Costs Analysis, December 2019. Available at 
https://www.eia.gov/analysis/studies/powerplants/generationcost/pdf/full_report.pdf. 
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Looking at SPS’s modeling results summarized in Table 6 below, the Company’s 1 

likely underestimation of capex is significant; indeed, using SPS’s own historical 2 

capex or EIA’s estimates would flip the results in favor of retirement for some or 3 

all of the Harrington units. 4 

Table 6: NPVRR Results from Table BRE-2 5 

Scenario Description 2022 – 2041 Delta 
($M) 

Scenario 2 Convert all Harrington Units to natural gas $0 
Scenario 1 Retire all Harrington Units $124 
Scenario 5 Convert 1 Unit to gas / Retire 2 Units $62 
Scenario 6 Convert 2 Units to gas / Retire 1 Unit ($5) 

Source: Direct Testimony of Ben Elsey, page 29. 6 

Q What is driving this large gap between SPS’s assumptions around future 7 

sustaining capital expenditures and your updated assumptions? 8 

Α Part of this gap is due to SPS’s failure to consider any future environmental 9 

compliance costs. Specifically, SPS indicated that it is unaware of any other 10 

impending regulations that will impact the Harrington units; therefore, it has 11 

modeled no additional environmental compliance costs beyond those relating to 12 

SO2 controls.48 The small margin that SPS used to justify the option to convert 13 

Harrington to operate on gas instead of retiring the plant shows how risky it is for 14 

SPS to plan as though Harrington is unlikely to incur other future environmental 15 

compliance costs over the next two decades. 16 

                                                 
48 Ex. DG-2, SPS Response to SC 1-6. 
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Q Explain your concerns with SPS’s FOM cost streams between 2022-2024 in 1 

the scenarios where the units are assumed to convert from coal to gas. 2 

Α SPS appeared to model the wrong FOM cost stream in EnCompass between 2022-3 

2024 for units converted to operate on gas.49 Specifically, the Company appears 4 

to have used the FOM cost stream intended for units that continue to operate on 5 

coal instead of using the intended ones with reduced FOM for units that convert to 6 

gas. Indeed, SPS admitted in a discovery response that the Company originally 7 

planned to model lower FOM costs for the years 2022-2024 for all scenarios 8 

where the units were converted to operate on gas.50 These were provided in a 9 

separate discovery request.51 10 

Q Explain your concerns with SPS’s incremental reduction in sustaining capital 11 

expenditures when retiring one and two units. 12 

Α SPS assumed that there would be only small incremental reductions in sustaining 13 

capital expenditures with the retirement of additional units. Specifically, SPS 14 

modeled a reduction in sustaining capital expenditures of only 10 percent with the 15 

retirement of one unit, and 37 percent with the retirement of two units (relative to 16 

total projected spending for the entire plant) between the years 2024-2024.52 17 

While it’s understandable that some economies of scale will be lost with reducing 18 

                                                 
49 Ex. DG-2, SPS Response to SC 1-3(i) CONF, Encompass Optimized Database 

10.18.21. 
50 Ex. DG-2, SPS Response to SC 4-7(c). 
51 Ex. DG-2, SPS Response to SC 1-4(i) Attachments Encompass Cost Inputs – Gas 

Conversion, EnCompass Cost Inputs – Partial Gas Conversion, EnCompass Cost 
Inputs – Early Retirement. 

52 Calculations based on SPS Response to SC 1-4(e)(i), Attachments Encompass Cost 
Inputs – Gas Conversion, and EnCompass Cost Inputs – Partial Gas Conversion; SPS 
Response to SC 1-3(i) CONF, Encompass Optimized Database 10.18.21. 
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the plant size, it is unclear why SPS can only reduce capital investments by 10 1 

percent while reducing the plant capacity by a full third, and 37 percent when 2 

reducing plant capacity by a full two-thirds. These assumptions are unsupported 3 

and substantially understate the likely savings that SPS could experience if it shut 4 

down one or two units. 5 

Q Explain your concerns with SPS’s assumptions for the capital costs of new 6 

solar PV and battery storage resources? 7 

Α SPS models new generic solar PV project additions assuming that the ITC 8 

expires. This results in a large jump in solar PV costs after 2027. This decision 9 

makes solar look more expensive than it likely will be, and disadvantages solar 10 

PV as a choice relative to new gas resources. 11 

SPS also models new generic battery storage resources with a single fixed cost 12 

stream that includes all capital costs, fixed costs, financing costs and returns into 13 

one single value. This makes it very challenging to evaluate the reasonableness of 14 

SPS’s individual cost stream and assumptions regarding new battery storage 15 

costs. 16 

Q What is your conclusion with regard to the evidence on which SPS relied and 17 

the prudence of the Company’s decision to convert Harrington to operate on 18 

gas? 19 

Α SPS has not demonstrated that conversion of all three units at Harrington to 20 

operate on gas is the least-cost option for ratepayers based on the Harrington 2021 21 

Analysis. SPS relied on many concerning assumptions to produce the results that 22 

it published, omitted a sensitivity around CO2 prices, and even had errors in its 23 

modeling. But even with all these assumptions that skewed the analysis in favor 24 
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of converting all three units at Harrington to operate on gas, SPS’s analysis shows 1 

that the savings from converting all three units are very marginal, and likely not 2 

significant. 3 

5. SYNAPSE’S MODELING FINDS THAT IT IS THE LOWEST COST SCENARIO TO RETIRE 4 

ALL HARRINGTON UNITS, AND IT IS A NO-REGRETS DECISION TO RETIRE UNIT 1 AT 5 

HARRINGTON. 6 

Q Explain the alternative modeling that Synapse conducted. 7 

Α We began with SPS’s Encompass files used by the Company to conduct its 8 

Harrington 2021 Analysis.53,54 We reviewed the inputs and methodology as 9 

discussed in the prior section. We developed updates and corrections to address 10 

the items outline above. 11 

We used four of SPS’s scenario from the Harrington 2020 Analysis as the basis 12 

for our modeling and we used SPS’s results as reference costs. 13 

1. Scenario 1 – Retire all Harrington units 14 

2. Scenario 2 – Harrington Units 1-3 are converted to operate on gas55 15 

3. Scenario 5 – Retire Units 1 & 2 and convert Unit 3 to operate on gas 16 

4. Scenario 6 – Retire Unit 1 and convert Units 2 and 3 to operate on gas. 17 

For each model run, we used the following assumptions as shown in Table 7: 18 

                                                 
53 SPS Response to SC 1-3(i) CONF Encompass Optimized Databased 10.18.21 files. 
54 The modeling files provided by SPS did not contain the databases for Scenario 2. We 

therefore relied on the EnCompass files that were provided as part of the Tolk Analysis 
during the IRP Docket, Case No. 21-00169-UT as the basis of our evaluation of 
Scenario 2. 

55 Id.   
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Table 7: Scenarios modeled 1 
Base 

Scenario 
Tolk 

Retirement 
Harrington Retirement / 

Conversion 
Tx 

Cost56 
Scenario 2 2032 All units converted at end of 2024 $400/kW 
Scenario 1 2032 Full Retirement at end of 2024 $400/kW 
Scenario 6 2032 Unit 3 converted at end of 2024 $400/kW 

Scenario 5 2032 Units 2 and 3 units converted at 
and of 2024 $400/kW 

Q Explain each of the changes you made to the model. 2 

Α We first updated several assumptions in SPS’s base runs. 3 

First, for all generic solar, wind, and battery storage resource additions we relied 4 

on the National Renewable Energy Laboratory’s (“NREL”) Annual Technology 5 

Baseline (“ATB”) capital cost assumption for generic solar PV and wind 6 

resources. SPS assumed that the federal investment tax credit expires in 2025, 7 

while NREL assumed that it is extended beyond 2025 for solar PV.57 8 

Second, we updated the FOM assumptions for the Harrington units between 2022 9 

– 2024 to correct the error we discussed above. We used the cost stream that was 10 

$1.5 million lower for all units that SPS planned to retire in 2024, and the higher 11 

cost stream for all units that SPS planned to convert to operate on gas. 12 

Third, we did not allow the model to build any new gas projects prior to 2030 in 13 

any scenarios. Although we did allow new gas after 2030, we assume that any 14 

new gas projects that the model selects after 2030 are not actually gas resources, 15 

                                                 
56 SPS modeled transmission costs of $200/kW, $400/kW, and $600/kW. We used SPS’ 

central value of $400/kW in all scenarios. 
57 National Renewable Energy Laboratory, Annual Technology Baseline. 
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but instead are simply place-holders for firm and dispatchable capacity resources 1 

that SPS may need in the future. 2 

Fourth, we modeled sustaining capital expenditures for Harrington on the basis of 3 

SPS’s historical spending. As discussed above in Table 4 and Table 5, the 4 

historical Harrington sustaining capital values we use in our modeling are higher 5 

than those used in the SPS scenarios but remain below EIA’s projections.  6 

Finally, we capped annual storage additions at 300 MW over the modeling 7 

horizon. This annual limit was used to ensure that the model would not overbuild 8 

battery storage in any single year. There was no cumulative constraint, however, 9 

on any resource type over the period of analysis. 10 

Q Explain which sensitivities you tested. 11 

Α We tested a number of sensitivities based on likely future outcomes that SPS 12 

should consider in deciding whether to retire or convert Harrington to operate on 13 

gas. 14 

1. CO2 price: To assess the impact that future carbon regulations would 15 

have on the cost to continue to operate Harrington, we tested a carbon 16 

price sensitivity. We used the middle carbon price that SPS relied on for 17 

its most recent IRP, which was $20/metric ton base year of 2011, escalated 18 

at 2.5 percent per year.58 19 

2. Financial Load: Like SPS, we tested our sensitivities using both the 20 

higher Planning Load and the lower Financial Load. 21 

                                                 
58 Ex. DG-4, SPS 2021 IRP, page 85. 
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3. Depreciation schedule: Given the uncertainty around SPS’s recovery of 1 

the remining plant balance at Harrington, we tested several alternative 2 

assumptions for recovery of the undepreciated plant balance at Harrington: 3 

a. Depreciate remaining balance over each unit’s remaining life 4 

instead of three years for any unit that retired early without a return 5 

on investment post-retirement. 6 

b. Disallow the entire undepreciated plant balance after a unit retired. 7 

c. Disallow half the undepreciated plant balance after a unit retires 8 

and disallow a rate of return on the remaining balance. 9 

4. Gas sustaining capital expenditure costs: SPS’s assumptions around the 10 

sustaining capex costs required after the units are converted to gas 11 

operation are extremely low and unsupported. Therefore, we tested a 12 

sensitivity using SPS historical data based on its existing steam gas plants 13 

for sustaining capex costs. We did not model the risk of compliance costs 14 

from future environmental regulations. Technologies to limit NOx 15 

emissions could cost between $24.9 million and $368 million for SNCR 16 

and SCR technologies respectively.59 The inclusion of these costs, and the 17 

associated annual O&M, would make gas conversion more expensive in 18 

our modeling compared to a partial retirement or full retirement scenario. 19 

Q What did you find when you made the changes and tested the sensitivities 20 

outlined above? 21 

Α I find that retiring all units results in a lower NPVRR than converting Harrington 22 

to operate on gas, as shown in Table 8 below. Specifically, our results show that 23 

                                                 
59 This range was calculated using the updated methodology developed by Sargent and 

Lundy in January 2017 for the EPA IMP Model v6. The Emission Control Technology 
Attachment 5-3 SCR Cost Development Methodology and Attachment 5-4 SNCR Cost 
Development Methodology are attached in Ex. DG-5. 
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SPS would save roughly $25 million if it chose to retire all three Harrington units 1 

instead of converting them. While SPS would incur higher capital costs and non-2 

fuel variable costs, it would also see significant savings from fuel and FOM costs, 3 

as shown in Table 9 below. Our modeling also indicates that SPS would gain 4 

additional revenue in the Early Retirement scenario by selling excess solar and 5 

wind generation to the market. Results are similar with both the planning load and 6 

the financial load. 7 
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Table 8: NPVRR results from Synapse modeling runs 1 

 2022-2024 2022-2041 
Cost ($Million) Delta NPV Delta NPV 

SPS Modeling Results     
Convert all Harrington (IRP Scenario 2) $0 $2,450 $0 $11,949 
Retain 1 Gas Harrington / Retire 2 $92 $2,542 $62 $12,011 
Retain 2 Gas Harrington / Retire 1 $39 $2,490 ($5) $11,944 
Early Retire All Harrington $168 $2,618 $123 $12,072 
     
Planning Load     
Convert all Harrington $0 $2,257 $0 $10,522 
Retain 1 Gas Harrington / Retire 2 $95 $2,352 $3 $10,525 
Retain 2 Gas Harrington / Retire 1 $40 $2,297 ($48) $10,474 
Early Retire All Harrington $188 $2,445 ($25) $10,497 
Financial Load     
Convert all Harrington $0 $2,098 $0 $9,228 
Retain 1 Gas Harrington / Retire 2 $101 $2,199 ($1) $9,227 
Retain 2 Gas Harrington / Retire 1 $40 $2,138 ($26) $9,202 
Early Retire All Harrington $194 $2,292 ($12) $9,215 
CO2 Price   
Convert all Harrington $0 $2,579 $0 $11,072 
Retain 1 Gas Harrington / Retire 2 $98 $2,677 ($51) $11,021 
Retain 2 Gas Harrington / Retire 1 $38 $2,616 ($31) $11,041 
Early Retire All Harrington $185 $2,764 ($27) $11,045 

Source: Synapse results from modeling completed based on SPS Response to SC 1-3(i) CONF, 2 
Encompass Optimize Databased 10.18.21. 3 



NEW MEXICO PUBLIC REGULATION COMMISSION 
CASE NO. 21-00200-UT 

DIRECT TESTIMONY OF DEVI GLICK 

46 

 

Table 9: NPVRR breakdown for Synapse Early Retire All scenario 1 

Cost Category Description 2022 – 2041 Delta from Convert 
All Baseline ($Million) 

Capital Costs $93 
Fuel Costs ($61)  
Commitment Costs ($5)  
Non-Fuel VOM $79 
FOM ($54)  
Purchase Costs ($79)  
Other Costs $2 
Total ($25) 
Source: Synapse results from modeling completed based on SPS Response to SC 1-3(i) CONF, 2 
Encompass Optimize Databased 10.18.21 3 

As shown in Table 10, I also find that retiring Unit 1 is a no-regrets decision that 4 

results in nearly identical or lower NPVRR than converting all three units under 5 

every scenario and sensitivity I tested. Additionally, I find that SPS’s modeling 6 

substantially understated the likely savings from retiring the Harrington units 7 

relative to converting it. Despite recommending conversion of all three units to 8 

gas, SPS’s own results did show that over the planning period (2022-2041), there 9 

would be NPVRR savings of $5 million from retiring Unit 1 relative to converting 10 

all three units. Our results show that the likely savings are much larger, ranging 11 

between $26 million at the low end and $123 million at the high end. 12 
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Table 10: NPVRR of retire one unit scenario 1 

Description 
2022 – 2041 Delta from 

Convert All Baseline 
($Million) 

SPS Scenario 5  
SPS Base (Planning Load) ($5) 
Financial Load ($29) 

Synapse Scenario 5  
Synapse Base with baseline changes discussed above ($48) 
Financial Load ($26) 
CO2 Price ($31) 
Undepreciated balance disallowed post-retirement ($123) 
Undepreciated balance allowed but no return allowed ($34) 
Financial Load, undepreciated balance disallowed 
post-retirement ($101) 

Source: SPS results from Tables BRE-2 and BRE-3. Synapse results from modeling completed 2 
based on SPS Response to SC 1-3(i) CONF, Encompass Optimize Databased 10.18.21. 3 

Q What resources are required to replace the units when they retire? 4 

Α SPS already has several new renewable projects for which it received RFP bids 5 

which are selected by the model, regardless of scenario, for 2024. Therefore, the 6 

retirement of one unit doesn’t necessitate any incremental resource over what the 7 

model already selects in the “Convert All” scenario until 2029. At that time, our 8 

modeling results show an addition of 10 MW of incremental solar PV. This 9 

minimal difference over the next decade, and in fact over the entire planning 10 

period, between the scenarios with and without Unit 1 shows exactly how little 11 

remaining value and use Unit 1 has for SPS and its ratepayers. This finding is 12 

supported by the Company’s own modeling results which, as discussed above, 13 

shows that Unit 1 is never used even after it is converted to gas operation. 14 

To replace all three Harrington units after they are retired at the end of 2024, our 15 

modeling shows the capacity and energy is replaced by 30 MW of incremental 16 

solar and 640 MW of incremental storage by 2029.  17 
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Q What did you find in terms of CO2 prices, pollutants, and emissions? 1 

Α Synapse modeled a CO2 price sensitivity set to $20/metric tonnes in base year 2 

2011, escalating at 2.5 percent per year. The CO2 price scenarios were identical to 3 

the Synapse base EnCompass runs, with the exception of the CO2 price. In these 4 

scenarios, we found that converting all Harrington units to gas was the most 5 

expensive option and that converting two Harrington units, converting one 6 

Harrington unit, or retiring all Harrington units would all be cheaper for SPS 7 

customers between 2022 and 2041 if a CO2 price is implemented. As shown in 8 

Table 11, savings ranged from $27 million in the Retire All Harrington Units 9 

scenario to $51 million in the Convert One Harrington Unit scenario. 10 

Table 11: CO2 price sensitivity results 11 

Scenario NPVRR ($Million) 
2022-2041 

Delta ($Million) Compared to 
Convert All Scenario 

Convert All Harrington Units $11,072 $0 
Convert Two Harrington Units $11,041  ($31) 
Convert One Harrington Unit $11,021 ($51) 
Retire All Harrington Units $11,045 ($27) 

Source: Synapse results from modeling completed based on SPS Response to SC 1-3(i) CONF, 12 
Encompass Optimize Databased 10.18.21. 13 

Given these results, our recommendation is that SPS model a CO2 price sensitivity 14 

so that the utility’s modeling can capture the risk that the conversion of all 15 

Harrington units to gas would pose to SPS customers should federal carbon 16 

legislation be enacted.  17 

Q What did you find under alternative financing options and plant balance 18 

assumptions? 19 

Α I find that when all or part of the undepreciated balance is disallowed after 20 

retirement, or if the rate of return is disallowed post retirement, the savings from 21 
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retiring Harrington relative to conversion increase substantially, as shown in 1 

Table 12. It intuitively makes sense that if the balance is disallowed, savings will 2 

increase. But these results show the cost that SPS assumes its ratepayers will be 3 

required to pay for the remaining plant balance at Harrington. Specifically, if the 4 

plant is retired and the full plant balance is disallowed post-retirement, SPS 5 

ratepayers will save $222 million relative to the cost of converting the unit to 6 

operate on gas and paying off the balance prior to retirement. Even if only 50 7 

percent of the balance is disallowed, savings will be around $76 million. And if 8 

the full balance is allowed post-retirement but a rate of return is not permitted, we 9 

estimate savings of around $92 million. 10 
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Table 12: NPVRR of Synapse runs under alternative financing and 1 
plant balance recovery assumptions 2 

 2022-2024 2022-2014 
Cost ($Million) Delta NPV Delta NPV 

100% Undepreciated balance disallowed post-retirement  
Convert all Harrington $0   $2,257  $0   $10,522  
Retain 1 Gas Harrington / Retire 2 ($12)  $2,245  ($104)  $10,418  
Retain 2 Gas Harrington / Retire 1 ($7)  $2,250  ($95)  $10,427  
Early Retire All Harrington ($8)  $2,249  ($222)  $10,300  
50% Undepreciated balance disallowed post-retirement  
Convert all Harrington $0   $2,257  $0   $10,522  
Retain 1 Gas Harrington / Retire 2 ($12)  $2,245  ($22)  $10,500  
Retain 2 Gas Harrington / Retire 1 ($7)  $2,250  ($59)  $10,463  
Early Retire All Harrington ($8)  $2,249  ($76)  $10,445  
Undepreciated balance allowed, no return post-retirement  
Convert all Harrington $0   $2,257  $0   $10,522  
Retain 1 Gas Harrington / Retire 2 ($12)  $2,245  ($30)  $10,491  
Retain 2 Gas Harrington / Retire 1 ($7)  $2,250  ($63)  $10,459  
Early Retire All Harrington ($8)  $2,249  ($92)  $10,430  
Financial Load / 100% undepreciated balance disallowed post-retirement 
Convert all Harrington $0   $2,098  $0   $9,228  
Retain 1 Gas Harrington / Retire 2 $26   $2,124  ($77)  $9,151  
Retain 2 Gas Harrington / Retire 1 $11   $2,109  ($73)  $9,155  
Early Retire All Harrington $47   $2,145  ($168)  $9,059  

Source: Synapse results from modeling completed based on SPS Response to SC 1-3(i) CONF, 3 
Encompass Optimize Databased 10.18.21 4 

Q What do you conclude about the reasonableness and cost of SPS’s proposal 5 

to convert all three Harrington units to operate on gas? 6 

Α I find that SPS has not demonstrated that converting Harrington to operate on gas 7 

is in the best interest of its ratepayers. As discussed above, SPS’s modeling is 8 

flawed and based on inaccurate assumptions and its results do not show a 9 

meaningful cost difference between many scenarios. Our modeling results, 10 

produced based on SPS’s modeling files with our own modifications, show that 11 

retiring all three units is a substantially lower cost option than converting all three 12 

units to operate on gas.  13 
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Q Does this conclude your testimony? 1 

Α Yes. 2 
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Austin Rueschhoff darueschhoff@hollandhart.com;  
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Nikolas Stoffel nsstoffel@hollandhart.com;  
Thorvald Nelson tnelson@hollandhart.com;  
  
Hearing Examiner  
Robert Lennon Robert.lennon@state.nm.us;  
Ana Kippenbrock Ana.Kippenbrock@state.nm.us;  
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Devi Glick, Principal Associate 

Synapse Energy Economics I 485 Massachusetts Avenue, Suite 3 I Cambridge, MA   02139 I 617-453-7050 
dglick@synapse-energy.com 

PROFESSIONAL EXPERIENCE 

Synapse Energy Economics Inc., Cambridge, MA. Principal Associate, June 2021- Present; Senior 
Associate, April 2019 – June 2021; Associate, January 2018 – March 2019. 

Conducts research and provides expert witness and consulting services on energy sector issues. 
Examples include: 

• Modeling for resource planning using PLEXOS and Encompass utility planning software to evaluate
the reasonableness of utility IRP modeling.

• Modeling for resource planning to explore alternative, lower-cost and lower-emission resource
portfolio options.

• Providing expert testimony in rate cases on the prudence of continued investment in, and operation
of, coal plants based on the economics of plant operations relative to market prices and alternative
resource costs.

• Providing expert testimony and analysis on the reasonableness of utility coal plant commitment and
dispatch practice in fuel and power cost adjustment dockets.

• Serving as an expert witness on avoided cost of distributed solar PV and submitting direct and
surrebuttal testimony regarding the appropriate calculation of benefit categories associated with
the value of solar calculations.

• Reviewing and assessing the reasonableness of methodologies and assumptions relied on in utility
IRPs and other long-term planning documents for expert report, public comments, and expert
testimony.

• Evaluating utility long-term resource plans and developing alternative clean energy portfolios for
expert reports.

• Co-authoring public comments on the adequacy of utility coal ash disposal plans, and federal coal
ash disposal rules and amendments.

• Analyzing system-level cost impacts of energy efficiency at the state and national level.

Rocky Mountain Institute, Basalt, CO. August 2012 – September 2017 
Senior Associate 
• Led technical analysis, modeling, training and capacity building work for utilities and governments in

Sub-Saharan Africa around integrated resource planning for the central electricity grid energy.
Identified over one billion dollars in savings based on improved resource-planning processes.

• Represented RMI as a content expert and presented materials on electricity pricing and rate design
at conferences and events.

Exhibit DG-1



Devi Glick  page 2 of 8 

• Led a project to research and evaluate utility resource planning and spending processes, focusing
specifically on integrated resource planning, to highlight systematic overspending on conventional
resources and underinvestment and underutilization of distributed energy resources as a least-cost
alternative.

Associate 
• Led modeling analysis in collaboration with NextGen Climate America which identified a CO2

loophole in the Clean Power Plan of 250 million tons, or 41 percent of EPA projected abatement.
Analysis was submitted as an official federal comment which led to a modification to address the
loophole in the final rule.

• Led financial and economic modeling in collaboration with a major U.S. utility to quantify the impact
that solar PV would have on their sales and helped identify alternative business models which would
allow them to recapture a significant portion of this at-risk value.

• Supported the planning, content development, facilitation, and execution of numerous events and
workshops with participants from across the electricity sector for RMI’s Electricity Innovation Lab
(eLab) initiative.

• Co-authored two studies reviewing valuation methodologies for solar PV and laying out new
principles and recommendations around pricing and rate design for a distributed energy future in
the United States. These studies have been highly cited by the industry and submitted as evidence in
numerous Public Utility Commission rate cases.

The University of Michigan, Ann Arbor, MI. Graduate Student Instructor, September 2011 – July 2012 

The Virginia Sea Grant at the Virginia Institute of Marine Science, Gloucester Point, VA. Policy Intern, 
Summer 2011 

Managed a communication network analysis study of coastal resource management stakeholders on the 
Eastern Shore of the Delmarva Peninsula. 

The Commission for Environmental Cooperation (NAFTA), Montreal, QC. Short Term Educational 
Program/Intern, Summer 2010 

Researched energy and climate issues relevant to the NAFTA parties to assist the executive director in 
conducting a GAP analysis of emission monitoring, reporting, and verification systems in North America. 

Congressman Tom Allen, Portland, ME. Technology Systems and Outreach Coordinator, August 2007 – 
December 2008 

Directed Congressman Allen’s technology operation, responded to constituent requests, and 
represented the Congressman at events throughout southern Maine. 
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EDUCATION 

The University of Michigan, Ann Arbor, MI 
Master of Public Policy, Gerald R. Ford School of Public Policy, 2012 
Master of Science, School of Natural Resources and the Environment, 2012 
Masters Project: Climate Change Adaptation Planning in U.S. Cities 
 
Middlebury College, Middlebury, VT 
Bachelor of Arts, 2007 
Environmental Studies, Policy Focus; Minor in Spanish 
Thesis: Environmental Security in a Changing National Security Environment: Reconciling Divergent Policy 
Interests, Cold War to Present 

PUBLICATIONS 

Glick, D., P. Eash-Gates, J. Hall, A. Takasugi. 2021. A Clean Energy Future for MidAmerican and Iowa. 
Synapse Energy Economics for Sierra Club, Iowa Environmental Council, and the Environmental Law and 
Policy Center. 

Glick, D., S. Kwok. 2021 Review of Southwestern Public Service Company’s 2021 IRP and Tolk Analysis. 
Synapse Energy Economics for Sierra Club. 

Glick, D., P. Eash-Gates, S. Kwok, J. Tabernero, R. Wilson. 2021. A Clean Energy Future for Tampa. 
Synapse Energy Economics for Sierra Club.  

Glick, D. 2021. Synapse Comments and Surreply Comments to the Minnesota Public Utility Commission in 
response to Otter Tail Power's 2021 Compliance Filing Docket E-999/CI-19-704. Synapse Energy 
Economics for Sierra Club. 

Eash-Gates, P., D. Glick, S. Kwok. R. Wilson. 2020. Orlando’s Renewable Energy Future: The Path to 100 
Percent Renewable Energy by 2020. Synapse Energy Economics for the First 50 Coalition.  

Eash-Gates, P., B. Fagan, D. Glick. 2020. Alternatives to the Surry-Skiffes Creek 500 kV Transmission Line. 
Synapse Energy Economics for the National Parks Conservation Association. 

Biewald, B., D. Glick, J. Hall, C. Odom, C. Roberto, R. Wilson. 2020. Investing in Failure: How Large Power 
Companies are Undermining their Decarbonization Targets. Synapse Energy Economics for Climate 
Majority Project. 

Glick, D., D. Bhandari, C. Roberto, T. Woolf. 2020. Review of benefit-cost analysis for the EPA’s proposed 
revisions to the 2015 Steam Electric Effluent Limitations Guidelines. Synapse Energy Economics for 
Earthjustice and Environmental Integrity Project. 

Glick, D., J. Frost, B. Biewald. 2020. The Benefits of an All-Source RFP in Duke Energy Indiana's 2021 IRP 
Process. Synapse Energy Economics for Energy Matters Community Coalition. 
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Camp, E., B. Fagan, J. Frost, N. Garner, D. Glick, A. Hopkins, A. Napoleon, K. Takahashi, D. White, M. 
Whited, R. Wilson. 2019. Phase 2 Report on Muskrat Falls Project Rate Mitigation, Revision 1 – 
September 25, 2019. Synapse Energy Economics for the Board of Commissioners of Public Utilities, 
Province of Newfoundland and Labrador.  

Camp, E., A. Hopkins, D. Bhandari, N. Garner, A. Allison, N. Peluso, B. Havumaki, D. Glick. 2019. The 
Future of Energy Storage in Colorado: Opportunities, Barriers, Analysis, and Policy Recommendations. 
Synapse Energy Office for the Colorado Energy Office. 

Glick, D., B. Fagan, J. Frost, D. White. 2019. Big Bend Analysis: Cleaner, Lower-Cost Alternatives to TECO's 
Billion-Dollar Gas Project. Synapse Energy Economics for Sierra Club. 

Glick, D., F. Ackerman, J. Frost. 2019. Assessment of Duke Energy’s Coal Ash Basin Closure Options 
Analysis in North Carolina. Synapse Energy Economics for the Southern Environmental Law Center. 

Glick, D., N. Peluso, R. Fagan. 2019. San Juan Replacement Study: An alternative clean energy resource 
portfolio to meet Public Service Company of New Mexico’s energy, capacity, and flexibility needs after 
the retirement of the San Juan Generating Station. Synapse Energy Economics for Sierra Club. 

Suphachalasai, S., M. Touati, F. Ackerman, P. Knight, D. Glick, A. Horowitz, J.A. Rogers, T. Amegroud. 
2018. Morocco – Energy Policy MRV: Emission Reductions from Energy Subsidies Reform and Renewable 
Energy Policy. Prepared for the World Bank Group. 

Camp, E., B. Fagan, J. Frost, D. Glick, A. Hopkins, A. Napoleon, N. Peluso, K. Takahashi, D. White, R. 
Wilson, T. Woolf. 2018. Phase 1 Findings on Muskrat Falls Project Rate Mitigation. Synapse Energy 
Economics for Board of Commissioners of Public Utilities, Province of Newfoundland and Labrador. 

Allison, A., R. Wilson, D. Glick, J. Frost. 2018. Comments on South Africa 2018 Integrated Resource Plan. 
Synapse Energy Economics for Centre for Environmental Rights. 

Hopkins, A. S., K. Takahashi, D. Glick, M. Whited. 2018. Decarbonization of Heating Energy Use in 
California Buildings: Technology, Markets, Impacts, and Policy Solutions. Synapse Energy Economics for 
the Natural Resources Defense Council. 

Knight, P., E. Camp, D. Glick, M. Chang. 2018. Analysis of the Avoided Costs of Compliance of the 
Massachusetts Global Warming Solutions Act. Supplement to 2018 AESC Study. Synapse Energy 
Economics for Massachusetts Department of Energy Resources and Massachusetts Department of 
Environmental Protection. 

Fagan, B., R. Wilson, S. Fields, D. Glick, D. White. 2018. Nova Scotia Power Inc. Thermal Generation 
Utilization and Optimization: Economic Analysis of Retention of Fossil-Fueled Thermal Fleet to and 
Beyond 2030 – M08059. Prepared for Board Counsel to the Nova Scotia Utility Review Board.  

Ackerman, F., D. Glick, T. Vitolo. 2018. Report on CCR proposed rule. Prepared for Earthjustice. 

Lashof, D. A., D. Weiskopf, D. Glick. 2014. Potential Emission Leakage Under the Clean Power Plan and a 
Proposed Solution: A Comment to the US EPA. NextGen Climate America. 
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Smith, O., M. Lehrman, D. Glick. 2014. Rate Design for the Distribution Edge. Rocky Mountain Institute. 

Hansen, L., V. Lacy, D. Glick. 2013. A Review of Solar PV Benefit & Cost Studies. Rocky Mountain Institute. 

TESTIMONY 

Michigan Public Service Commission (Case No. U-20528): Direct Testimony of Devi Glick in the matter 
of the Application of DTE Electric Company for reconciliation of its power supply cost recovery plan 
(Case No. U-20527) for the 12-month period ending December 31, 2020. On behalf of Michigan 
Environmental Council. November 23, 2021. 

Public Utilties Commission of Ohio (Case No. 20-167-EL-RDR): Direct Testimony of Devi Glick in the 
Matter of the Review of the Reconciliation Rider of Duke Energy Ohio, Inc. On behalf of The Office of the 
Ohio Consumer’s Counsel. October 26, 2021. 

Public Utilities Commission of Nevada (Docket No. 21-06001): Phase III Direct Testimony of Devi Glick 
in the joint application of Nevada Power Company d/b/a NV Energy and Sierra Pacific Power Company 
d/b/a NV Energy for approval of their 2022-2041 Triennial Intergrade Resource Plan and 2022-2024 
Energy Supply Plan. On behalf of Sierra Club and Natural Resource Defense Council. October 6, 2021. 

Public Service Commission of South Carolina (Docket No, 2021-3-E): Direct Testimony of Devi Glick in 
the matter of the annual review of base rates for fuel costs for Duke Energy Carolinas, LLC (for potential 
increase or decrease in fuel adjustment and gas adjustment). On behalf of the South Carolina Coastal 
Conservation League and the Southern Alliance for Clean Energy. September 10, 2021. 

North Carolina Utilities Commission (Docket No. E-7, Sub 1250): Direct Testimony of Devi Glick in the 
matter of the application of Duke Energy Progress, LLC pursuant to N.C.G.S § 62-133.2 and commission 
R8-5 relating to fuel and fuel-related change adjustments for electric utilities. On behalf of Sierra Club. 
August 31, 2021. 

Michigan Public Service Commission (Docket No. U-20530): Direct Testimony of Devi Glick in the 
application of Indiana Michigan Power Company for a Power Supply Cost Recovery Reconciliation 
proceeding for the 12-month period ending December 31, 2020. On behalf of the Michigan Attorney 
General. August 24, 2021. 

Public Utilities Commission of Nevada (Docket No. 21-06001): Phase I Direct Testimony of Devi Glick in 
the joint application of Nevada Power Company d/b/a NV Energy and Sierra Pacific Power Company 
d/b/a NV Energy for approval of their 2022-2041 Triennial Intergrade Resource Plan and 2022-2024 
Energy Supply Plan. On behalf of Sierra Club and Natural Resource Defense Council. August 16, 2021. 

North Carolina Utilities Commission (Docket No. E-7, Sub 1250): Direct Testimony of Devi Glick in the 
Mater of Application Duke Energy Carolinas, LLC Pursuant to §N.C.G.S 62-133.2 and Commission Rule 
R8-5 Relating to Fuel and Fuel-Related Charge Adjustments for Electric Utilities. On behalf of Sierra Club. 
May 17, 2021. 
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Public Utility Commission of Texas (PUC Docket No. 51415): Direct Testimony of Devi Glick in the 
application of Southwestern Electric Power Company for authority to change rates. On behalf of Sierra 
Club. March 31, 2021. 

Michigan Public Service Commission (Docket No. U-20804): Direct Testimony of Devi Glick in the 
application of Indiana Michigan Power Company for approval of a Power Supply Cost Recovery Plan and 
factors (2021). On behalf of Sierra Club. March 12, 2021. 

Public Utility Commission of Texas (PUC Docket No. 50997): Direct Testimony of Devi Glick in the 
application of Southwestern Electric Power Company for authority to reconcile fuel costs for the period 
May 1, 2017- December 31, 2019. On behalf of Sierra Club. January 7, 2021. 

Public Service Commission of Wisconsin (Docket No. 3270-UR-123): Surrebuttal Testimony of Devi Glick 
in the application of Madison Gas and Electric Company for authority to change electric and natural gas 
rates. On behalf of Sierra Club. September 29, 2020. 

Public Service Commission of Wisconsin (Docket No. 6680-UR-122): Surrebuttal Testimony of Devi Glick 
in the application of Wisconsin Power and Light Company for approval to extend electric and natural gas 
rates into 2021 and for approval of its 2021 fuel cost plan. On behalf of Sierra Club. September 21, 2020. 

Public Service Commission of Wisconsin (Docket No. 3270-UR-123): Direct Testimony and Exhibits of 
Devi Glick in the application of Madison Gas and Electric Company for authority to change electric and 
natural gas rates. On behalf of Sierra Club. September 18, 2020. 

Public Service Commission of Wisconsin (Docket No. 6680-UR-122): Direct Testimony and Exhibits of 
Devi Glick in the application of Wisconsin Power and Light Company for approval to extend electric and 
natural gas rates into 2021 and for approval of its 2021 fuel cost plan. On behalf of Sierra Club. 
September 8, 2020. 

Indiana Utility Regulatory Commission (Cause No. 38707-FAC125): Direct Testimony and Exhibits of 
Devi Glick in the application of Duke Energy Indiana, LLC for approval of a change in its fuel cost 
adjustment for electric service. On behalf of Sierra Club. September 4, 2020. 

Indiana Utility Regulatory Commission (Cause No. 38707-FAC123 S1): Direct Testimony and Exhibits of 
Devi Glick in the Subdocket for review of Duke Energy Indian, LLC’s Generation Unit Commitment 
Decisions. On behalf of Sierra Club. July 31, 2020. 

Indiana Utility Regulatory Commission (Cause No. 38707-FAC124): Direct Testimony and Exhibits of 
Devi Glick in the application of Duke Energy Indiana, LLC for approval of a change in its fuel cost 
adjustment for electric service. On behalf of Sierra Club. June 4, 2020. 

Arizona Corporation Commission (Docket No. E-01933A-19-0028): Rely to Late-filed ACC Staff 
Testimony of Devi Glick in the application of Tucson Electric Power Company for the establishment of 
just and reasonable rates. On behalf of Sierra Club. May 8, 2020. 
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Indiana Utility Regulatory Commission (Cause No. 38707-FAC123): Direct Testimony and Exhibits of 
Devi Glick in the application of Duke Energy Indiana, LLC for approval of a change in its fuel cost 
adjustment for electric service. On behalf of Sierra Club. March 6, 2020. 

Texas Public Utility Commission (PUC Docket No. 49831): Direct Testimony of Devi Glick in the 
application of Southwestern Public Service Company for authority to change rates. On behalf of Sierra 
Club. February 10, 2020. 

New Mexico Public Regulation Commission (Case No. 19-00170-UT): Testimony of Devi Glick in Support 
of Uncontested Comprehensive Stipulation. On behalf of Sierra Club. January 21, 2020. 

Michigan Public Service Commission (Docket No. U-20224): Direct Testimony of Devi Glick in the 
application of Indiana Michigan Power Company for Reconciliation of its Power Supply Cost Recovery 
Plan. On behalf of the Sierra Club. December 31, 2019. 

Nova Scotia Utility and Review Board (Matter M09420): Expert Evidence of Fagan, B, D. Glick reviewing 
Nova Scotia Power’s Application for Extra Large Industrial Active Demand Control Tariff for Port 
Hawkesbury Paper. Prepared for Nova Scotia Utility and Review Board Counsel. December 3, 2019. 

New Mexico Public Regulation Commission (Case No. 19-00170-UT): Direct Testimony of Devi Glick 
regarding Southwestern Public Service Company’s application for revision of its retail rates and 
authorization and approval to shorten the service life and abandon its Tolk generation station units. On 
behalf of Sierra Club. November 22, 2019. 

North Carolina Utilities Commission (Docket No. E-100, Sub 158): Responsive testimony of Devi Glick 
regarding battery storage and PURPA avoided cost rates. On behalf of Southern Alliance for Clean 
Energy. July 3, 2019.  

State Corporation Commission of Virginia (Case No. PUR-2018-00195): Direct testimony of Devi Glick 
regarding the economic performance of four of Virginia Electric and Power Company’s coal-fired units 
and the Company’s petition to recover costs incurred to company with state and federal environmental 
regulations. On behalf of Sierra Club. April 23, 2019. 

Connecticut Siting Council (Docket No. 470B): Joint testimony of Robert Fagan and Devi Glick regarding 
NTE Connecticut’s application for a Certificate of Environmental Compatibility and Public Need for the 
Killingly generating facility. On behalf of Not Another Power Plant and Sierra Club. April 11, 2019. 

Public Service Commission of South Carolina (Docket No. 2018-3-E): Surrebuttal testimony of Devi Glick 
regarding annual review of base rates of fuel costs for Duke Energy Carolinas. On behalf of South 
Carolina Coastal Conservation League and Southern Alliance for Clean Energy. August 31, 2018. 

Public Service Commission of South Carolina (Docket No. 2018-3-E): Direct testimony of Devi Glick 
regarding the annual review of base rates of fuel costs for Duke Energy Carolinas. On behalf of South 
Carolina Coastal Conservation League and Southern Alliance for Clean Energy. August 17, 2018. 
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Public Service Commission of South Carolina (Docket No. 2018-1-E): Surrebuttal testimony of Devi Glick 
regarding Duke Energy Progress’ net energy metering methodology for valuing distributed energy 
resources system within South Carolina. On behalf of South Carolina Coastal Conservation League and 
Southern Alliance for Clean Energy. June 4, 2018. 

Public Service Commission of South Carolina (Docket No. 2018-1-E): Direct testimony of Devi Glick 
regarding Duke Energy Progress’ net energy metering methodology for valuing distributed energy 
resources system within South Carolina. On behalf of South Carolina Coastal Conservation League and 
Southern Alliance for Clean Energy. May 22, 2018. 

Public Service Commission of South Carolina (Docket No. 2018-2-E): Direct testimony of Devi Glick on 
avoided cost calculations and the costs and benefits of solar net energy metering for South Carolina 
Electric and Gas Company. On behalf of South Carolina Coastal Conservation League and Southern 
Alliance for Clean Energy. April 12, 2018. 

Public Service Commission of South Carolina (Docket No. 2018-2-E): Surrebuttal testimony of Devi Glick 
on avoided cost calculations and the costs and benefits of solar net energy metering for South Carolina 
Electric and Gas Company. On behalf of South Carolina Coastal Conservation League and Southern 
Alliance for Clean Energy. April 4, 2018. 
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Case No. 21-00200-UT 
Southwestern Public Service Company’s Response to 

SC’s First Set of Interrogatories  
Page 5 of 41 

QUESTION NO. SC 1-3: 

Please refer to the Direct Testimony of Ben R. Elsey at page 13. Please provide all 
Encompass and all Strategist modeling input and output files supporting SPS/Xcel’s 
application and supporting testimony (in electronic, machine-readable format with 
formulae intact). 

RESPONSE: 

Please refer to Exhibit SPS-SC 1-3(i)(CONF) for the EnCompass input and output files.  

Please refer to Exhibit SPS-SC 1-3(ii) for the Strategist output files. The structure of the 
Strategist input files are proprietary to the vendor and can only be provided to active 
licensees of the Strategist software. 

Preparers: Mark Christner, Ben R. Elsey 
Sponsor: Ben R. Elsey
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Case No. 21-00200-UT 
Southwestern Public Service Company’s Response to 

SC’s First Set of Interrogatories  
Page 6 of 41 

 

QUESTION NO. SC 1-4: 
 

Please refer to the Direct Testimony of Ben R. Elsey at page 13-14. For the Harrington 
analyses, please provide all documents, analyses, or forecasts that the Company relied upon 
to calculate or develop costs included in the Company’s modeling, including, without 
limitation, all: 
 
a. Fuel costs for all electric power supply resources (owned and purchased, including 

all fuel contracts) and market energy costs (which are forecasted based on gas 
prices); 
 

b. Purchased energy costs for all electric power supply resources; 
 

c. Capacity costs of purchased power; 
 

d. Variable operational and maintenance (“VOM”) costs of purchased power; 
 

e. Capital cost forecasts for new and existing electric generation facilities, including, 
but not limited to, the assumed costs for converting each of the three Harrington 
units and assumed pipeline costs; 
 

f. Energy costs for new and existing wind and solar generation facilities; 
 

g. Electric transmission interconnection and network upgrade costs for new 
generation; 
 

h. Fixed operation and maintenance costs for existing and new generation facilities; 
 

i. VOM costs for existing and new generation facilities, including all maintenance 
schedules or maintenance plans;  
 

j. Remaining book value of SPS-owned generating units; and  
 
 
RESPONSE: 
 

a. Please refer to Exhibit SPS-SC 1-4(a)(CONF) for the fuel costs and market energy 
costs used for the Harrington Analysis. 

 
b. Please refer to the EnCompass input files provided in Exhibit SPS-SC 1-

3(i)(CONF) for the purchased energy costs for all existing purchased power 
agreements. 
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c. Please refer to the EnCompass input files provided in Exhibit SPS-SC 1-
3(i)(CONF) for the capacity costs for all existing purchased power agreements. 

 
d. Please refer to the EnCompass input files provided in Exhibit SPS-SC 1-

3(i)(CONF) for the Variable operational and maintenance (“VOM”) costs for 
existing purchased power agreements. 

 
e. Please refer to Exhibit SPS-SC 1-4(e)(i) for the scenario specific capital cost 

forecasts for each of the Harrington units and assumed pipeline costs used for the 
Harrington analysis. Please refer to Exhibit SPS-SC 1-4(e)(ii)(CONF) for 
additional information supporting the cost of installing environmental controls at 
Harrington. Please refer to the EnCompass input files provided in Exhibit SPS-SC 
1-3(i)(CONF) for the capital cost forecasts for SPS’s other generating facilities. 
Please refer to Exhibit SPS-SC 1-4(e)(ii)(CONF) for all capital cost forecasts for 
new generation proposals received from SPS’s Request for Information which were 
used in the Harrington Analysis. Please refer to the EnCompass inputs provided in 
Exhibit SPS-SC 1-3(i)(CONF) for the generic costs assumptions used for other new 
generating resources.  

 
f. Please refer to the EnCompass input files provided in Exhibit SPS-SC 1-

3(i)(CONF) for the energy cost of all existing wind and solar generating facilities. 
Please refer to Exhibit SPS-SC 1-4(e)(ii)(CONF) for all energy cost assumptions 
for new generation proposals received from SPS’s Request for Information and 
subsequently which were used in the Harrington Analysis. Please refer to the 
EnCompass inputs provided in response to Question No. SPS-SC 1-3 for the 
generic costs assumptions used for other new generating resources.  

 
g. Please refer to Exhibit SPS-SC 1-4(g)(CONF) for the electric transmission 

interconnection and network upgrade costs for new generation. 
 
h. Please refer to Exhibit SPS-SC 1-4(e)(i) for the scenario specific fixed operational 

and maintenance (“FOM”) forecasts for each of the Harrington units used for the 
Harrington Analysis. Please refer to the EnCompass input files provided in Exhibit 
SPS-SC 1-3(i)(CONF) for the FOM forecasts for SPS’s other generating facilities. 
Please refer to Exhibit SPS-SC 1-4(e)(ii)(CONF) for all FOM forecasts for new 
generation proposals received from SPS’s Request for Information and 
subsequently which were used in the Harrington Analysis. Please refer to the 
EnCompass inputs provided in Exhibit SPS-SC 1-3(i)(CONF) for the generic costs 
assumptions used for other new generating resources.  

 
i. Please refer to Exhibit SPS-SC 1-4(e)(i) for the scenario specific VOM forecasts 

for each of the Harrington units used for the Harrington Analysis. Please refer to 
the EnCompass input files provided in Exhibit SPS-SC 1-3(i)(CONF) for the VOM 
forecasts for SPS’s other generating facilities. Please refer to Exhibit SPS-SC 1-
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4(e)(ii)(CONF) for all VOM forecasts for new generation proposals received from 
SPS’s Request for Information and subsequently used in the Harrington Analysis. 
Please refer to the EnCompass inputs provided in Exhibit SPS-SC 1-3(i)(CONF) 
for the generic costs assumptions used for other new generating resources.  

 
j. Please refer to the EnCompass input files provided in Exhibit SPS-SC 1-

3(i)(CONF). 
 

 
Preparers:   Ashley Gibbons, Ben R. Elsey 
Sponsor:    Ben R. Elsey 
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QUESTION NO. SC 1-6: 
 

Has SPS/Xcel evaluated whether any of the Harrington units will require additional 
investments to comply with final, proposed, or possible future environmental regulations 
including, but not limited to: existing consent decrees, new source review provisions, 
coal combustion residuals, effluent limitation guidelines, national ambient air quality 
standards, cooling water intake standards, the cross-state air pollution rule, the mercury 
and air toxics standards, regional haze, and carbon dioxide emissions?  
 
a. If not, please explain why not.  

b. If so, please provide a summary, organized by electric generating unit, briefly 
describing the additional investments, including the purpose, and capital and annual 
O&M costs of such investments.  

c. Please also include all supporting analyses, calculations, data, documents, modeling 
input and output files, and work papers associated with each investment. 

 
RESPONSE: 

Currently there are no other impending regulations that would be applicable to all 
three Harrington units other than the current SO2 National Ambient Air Quality 
Standards (NAAQS) requirements for which this gas conversion is being 
implemented.  As stated in testimony by Mr. West, the current options to comply 
with the SO2 NAAQS standard involve the installation of SO2 controls, fuel 
conversion, retirement or some combination of these alternatives.  The installation of 
SO2 controls would most likely require all three Harrington units to further comply 
with requirement in the Coal Combustion Residuals (CCR) rules.  SPS beneficially 
uses 100% of its coal ash and is currently not subject to these requirements.  The 
installation of SO2 controls would most likely render the majority if not all of the 
ash unusable for beneficial use and subject to these regulations. 

The US Environmental Protection Agency (EPA) has also vacated the Affordable 
Clen Energy (ACE) rule for greenhouse gas regulations and will not be reinstating 
the former Clean Power Plan (CPP).  It is SPS’s understanding that the EPA intends 
to draft a new rule to replace the CPP.  The contents of this rule are not known until 
published and cannot be evaluated until then.   

There are no other known rules in any proposed or final state applicable to all three 
Harrington units that are not already incorporated into the operating permits for the 
facility.  All three units are demonstrating compliance with these required operating 
permits. 
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Preparer:   Jeffrey L. West  
Sponsor:   Jeffrey L. West  
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QUESTION NO. SC 1-7: 
 

For the Harrington units, please provide the following historical annual data going back 
to 2015 – 2021, broken down by unit: 
 
a. Installed Capacity 

b. Capacity factor 

c. Availability factor 

d. Heat Rate 

e. Forced outage rate 

f. Fixed O&M costs 

g. Non-Fuel Variable costs 

h. Fuel Costs 

i. Environmental capital costs 

j. Non-environmental capital costs 

k. Energy revenues (i.e., avoided energy purchase costs) 

l. Ancillary services revenues 

m. Any other revenues 

n. Depreciation 

o. Undepreciated net book value 

p. Property taxes 

q. Property insurance 

r. Projected retirement date, if any. 

RESPONSE: 

a.   Please refer to Exhibit SPS-SC 1-7(a-e). Please note that 2021 data for Harrington will 
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not be available until after the year end. 

b. Please refer to Exhibit SPS-SC 1-7(a-e). Please note that 2021 data for Harrington 
will not be available until after the year end. 

c. Please refer to Exhibit SPS-SC 1-7(a-e). Please note that 2021 data for Harrington 
will not be available until after the year end. 

d. Please refer to Exhibit SPS-SC 1-7(a-e). Please note that 2021 data for Harrington 
will not be available until after the year end. 

e. Please refer to Exhibit SPS-SC 1-7(a-e). Please note that 2021 data for Harrington 
will not be available until after the year end. 

f. Please refer to Exhibit SPS-SC 1-7(f-h). Please note that 2021 data for Harrington 
will not be available until after the year end. 

g. Please refer to Exhibit SPS-SC 1-7(f-h). Please note that 2021 data for Harrington 
will not be available until after the year end. 

h. Please refer to Exhibit SPS SC 1-7(f-h). Please note that 2021 data for Harrington 
will not be available until after the year end. 

i. Please refer to Exhibit SPS SC 1-7(i, j). Please note that 2021 data for Harrington 
will not be available until after the year end. 

j. Please refer to Exhibit SPS SC 1-7(i, j). Please note that 2021 data for Harrington 
will not be available until after the year end. 

k. Please refer to Exhibit SPS-SC 1-7(k).  Please note that 2021 data for Harrington 
will not be available until after the year end. 

l. Please refer to Exhibit SPS-SC 1-7(l).  Please note that 2021 data for Harrington 
will not be available until after the year end. 

m.        Please refer to Exhibit SPS-SC 1-7(m).  Exhibit represents annual coal ash revenue   
for Harrington.  Please note, this information is not invoiced on a per unit basis. 

n. Please refer to Exhibit SPS-SC 1-7(n). 

o. Please refer to SPS’s response to subpart (n).   

p. Please refer to Exhibit SPS-SC 1-7(p).  Please note that 2021 data for Harrington 
will not be available until after the year end. 

q. Xcel Energy does not allocate insurance costs to individual assets. The amount 
allocated to SPS is based on the replacement value of insurable SPS assets as it 
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bears to the replacement value of insurable assets for the entire company.  Amounts 
allocated to SPS are below: 

 2016 2017 2018 2019 2020 

SPS $2,918,882 $2,774,425 $2,931,713 $3,514,302 $3,947,113  

 Please note that 2021 data for Harrington will not be available until after the year 
end. 

r.   SPS is not requesting a modification to the Commission approved retirement dates 
in this case.  For Harrington Generating Station Units 1, 2, and 3, those dates are 
2036, 2038, and 2040, respectively. 

Preparers:   Allison Johnson, Ryan Crotty, Sean Young, Jeff Comer  
Sponsors: William A. Grant, Ben R. Elsey, Mark Lytal 
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Category Unit Sum of 2015 Sum of 2016 Sum of 2017 Sum of 2018 Sum of 2019 Sum of 2020
Total by Unit / 

Category
Environmental 0 227,257$          2,319$              -$                 -$                 208,301$          -$                 437,877$            

1 262,847            2,387,532         469,327            149,949            327,957            121,036            3,718,647           
2 240,333            188,539            82,427              223,905            12,969              (24)                   748,149              
3 1,027,360         5,161                14                     666,208            -                       7,579                1,706,322           

Environmental Total 1,757,797$       2,583,551$       551,767$          1,040,062$       549,227$          128,591$          6,610,995$         
Non-Environmental 0 3,088,562$       2,568,492$       1,987,030$       464,086$          1,554,819$       2,804,956$       12,467,945$       

1 3,398,946         2,711,367         2,958,808         1,683,589         3,477,608         4,534,648         18,764,966         
2 9,363,520         6,778,674         853,748            6,308,090         703,429            2,795,541         26,803,001         
3 10,904,775       8,201,917         10,164,517       3,682,263         5,423,188         1,632,788         40,009,448         

Non-Environmental Total 26,755,803$     20,260,451$     15,964,104$     12,138,027$     11,159,044$     11,767,933$     98,045,361$       
Grand Total 28,513,600$     22,844,003$     16,515,871$     13,178,089$     11,708,271$     11,896,524$     104,656,356$     
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Depreciation
As of :

Unit 12/31/2015 12/31/2016 12/31/2017 12/31/2018 12/31/2019 12/31/2020 6/30/2021
Harrington Common 1,037,111$         1,070,952$         1,093,549$         1,103,644$         1,130,016$         1,732,058$         903,665$            
Harrington Unit 1 3,214,701           3,339,024           3,527,941           3,513,054           3,583,446           4,545,936           2,270,139           
Harrington Unit 2 3,283,984           3,389,395           3,563,851           3,621,987           3,618,198           4,730,527           2,454,133           
Harrington Unit 3 3,274,992           3,424,056           3,414,092           3,429,929           3,616,604           4,401,310           2,219,106           
Harrington Common - Coal -                         -                         -                         -                         -                         -                         177,460              
Harrington Unit 1 - Coal -                         -                         -                         -                         -                         -                         349,314              
Harrington Unit 2 - Coal -                         -                         -                         -                         -                         -                         313,180              
Harrington Unit 3 - Coal -                         -                         -                         -                         -                         -                         286,411              
Total 10,810,787$       11,223,426$       11,599,433$       11,668,614$       11,948,264$       15,409,831$       8,973,407$         

Undepreciated Net Book Value (a)
As of :

Unit 12/31/2015 12/31/2016 12/31/2017 12/31/2018 12/31/2019 12/31/2020 6/30/2021
Harrington Common 24,259,646$       24,770,137$       24,734,514$       23,929,376$       27,280,194$       10,423,757$       9,661,972$         
Harrington Unit 1 64,073,446         75,113,651         76,262,615         72,088,884         68,452,041         60,639,832         58,732,717         
Harrington Unit 2 72,839,066         75,798,513         84,399,420         80,928,565         74,995,763         73,998,083         72,470,578         
Harrington Unit 3 71,354,373         68,689,605         66,462,954         70,930,529         72,292,897         73,240,001         71,166,452         
Harrington Common - Coal -                         -                         -                         -                         -                         3,365,490           3,135,708           
Harrington Unit 1 - Coal -                         -                         -                         -                         -                         8,813,183           8,496,149           
Harrington Unit 2 - Coal -                         -                         -                         -                         -                         9,016,256           8,396,578           
Harrington Unit 3 - Coal -                         -                         -                         -                         -                         8,556,063           8,243,614           
Total 232,526,532$     244,371,906$     251,859,502$     247,877,354$     243,020,894$     248,052,665$     240,303,767$     

(a) Undepreciated Net Book Value excludes Land Owned (non-depreciable)
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QUESTION NO. SC 1-11: 
 

Please refer to the Direct Testimony of Ben R. Elsey at 6. Indicate whether SPS has 
considered securitization of other financing options as a way to minimize rate impacts 
from early retirement of the Harrington units. 
 

RESPONSE: 

SPS is unaware of any legal authority permitting the securitization of the undepreciated 
balance of the Harrington units. 

Preparer: Counsel 
Sponsor: William A. Grant
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QUESTION NO. SC 1-12: 
 

Please refer to the Direct Testimony of Ben R. Elsey at 7. If SPS retired one Harrington 
unit at the end of 2024, and converted the other two, would the Company need additional 
replacement resources in 2024? Please explain. 
 

RESPONSE: 

No. SPS has sufficient generating resources to meet its planning reserve margin 
requirements in 2024. Retiring one Harrington Unit at the end of 2024 would have no 
impact on SPS’s capability to meet its planning reserve margin requirements in 2024. 
However, retiring one Harrington unit at the end of 2024 would necessitate the need for 
additional replacement resources in subsequent years. Please refer to SPS’s financial and 
planning forecast tables in Exhibit SPS-SC 1-13 for SPS’s capacity need, with and without, 
one Harrington Unit. 

Preparer: Ben R. Elsey  
Sponsor: Ben R. Elsey 
  

Exhibit DG-2

13



 

Case No. 21-00200-UT 
Southwestern Public Service Company’s Response to 

SC’s First Set of Interrogatories  
Page 23 of 41 

 

QUESTION NO. SC 1-13: 
 

Please refer to the Direct Testimony of Ben Elsey at 6 and 17, discussing the need for 
replacement capacity if Harrington is retired, rather than repowered.  Please state by year, 
through 2040, how much replacement capacity would be needed if SPS retired 
Harrington Unit One in 2024, while repowering units Two and Three.   Please state 
whether your responses to this interrogatory are consistent with the Loads and Resources 
Table presented in SPS’s most recent IRP, and if not, what is changed. 
 

RESPONSE: 

Please refer to Exhibit SPS-SC 1-13 for SPS’s capacity need from 2025 to 2040, using 
SPS’s most recent financial and planning load forecasts. Exhibit SPS-SC 1-13 assumes 
Harrington Unit 1 is retired at the end of 2024 and the remaining units are converted to 
operate on natural gas. Therefore it is not consistent with the Loads and Resource Tables 
presented in the most recent IRP, in which all three Harrington Units were converted to 
operate on natural gas.  

In addition, SPS updates its Loads and Resources Tables frequently and has incorporated 
the following changes since filing its most recent IRP and conducting its most recent 
Harrington Analysis: 

(1) SPS began using Southwest Power Pool’s effective load carrying capability 
(“ELCC”) methodology for assigning accredited capacity for renewable generation 
resources. In addition, SPS began assigning accredited capacity to four of its wind 
qualifying facilities.  Ultimately, updating the Loads and Resources Tables to 
incorporate Southwest Power Pool’s ELCC methodology lowered the accredited 
capacity provided from renewable generation by up to 254MW.  

(2) SPS lowered the summer capacity from the Lea Power Partners, LLC combined 
cycle facility by 16MW.  

(3) SPS’s current Loads and Resources Tables includes the company’s updated load 
forecast.  

Preparers: Ashley Gibbons, Ben R. Elsey 
Sponsor: Ben R. Elsey  
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Financial Forecast

2025 2026 2027 2028 2029 2030 2031 2032

SPS Resource Position (NM IRP L&R MW) 770 595 532 266 124 101 (174) (478)

Updated to ELCC / Lea Power PPA (MW) (169) (251) (260) (246) (252) (257) (263) (261)

Updated Load Forecast (MW) (5) (3) (6) (3) 5 10 15 16

Updated PRM (MW) (1) (0) (1) (0) 1 1 2 2

SPS Resource Position - Assuming all Harrington Units are Converted (MW) 606 347 279 23 (134) (168) (453) (756)

Less Harrington 1 (MW) (340) (340) (340) (340) (340) (340) (340) (340)

SPS Resource Position - Assuming Harrington Unit 1 is retired (MW) 266 7 (61) (317) (474) (508) (793) (1,096)

Planning Forecast

2025 2026 2027 2028 2029 2030 2031 2032

SPS Resource Position (NM IRP L&R MW) 398 178 53 (259) (440) (504) (799) (1,171)

Updated to ELCC / Lea Power PPA (MW) (169) (251) (260) (246) (252) (257) (263) (261)

Updated Load Forecast (MW) (5) (3) (7) (3) 6 11 17 19

Updated PRM (MW) (1) (0) (1) (0) 1 1 2 2

SPS Resource Position - Assuming all Harrington Units are Converted (MW) 234 (70) (199) (502) (699) (774) (1,081) (1,452)

Less Harrington 1 (MW) (340) (340) (340) (340) (340) (340) (340) (340)

SPS Resource Position - Assuming Harrington Unit 1 is retired (MW) (106) (410) (539) (842) (1,039) (1,114) (1,421) (1,792)
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Financial Forecast

SPS Resource Position (NM IRP L&R MW)

Updated to ELCC / Lea Power PPA (MW)

Updated Load Forecast (MW)

Updated PRM (MW)

SPS Resource Position - Assuming all Harrington Units are Converted (MW)

Less Harrington 1 (MW)

SPS Resource Position - Assuming Harrington Unit 1 is retired (MW)

Planning Forecast

SPS Resource Position (NM IRP L&R MW)

Updated to ELCC / Lea Power PPA (MW)

Updated Load Forecast (MW)

Updated PRM (MW)

SPS Resource Position - Assuming all Harrington Units are Converted (MW)

Less Harrington 1 (MW)

SPS Resource Position - Assuming Harrington Unit 1 is retired (MW)

2033 2034 2035 2036 2037 2038 2039 2040

(1,578) (2,179) (2,694) (2,770) (3,144) (3,171) (3,563) (3,602)

(265) (254) (104) (98) (100) (102) (104) (106)

22 29 36 46 55 62 71 80

3 3 4 6 7 7 9 10

(1,868) (2,465) (2,839) (2,920) (3,305) (3,342) (3,747) (3,797)

(340) (340) (340) (340) 0 0 0 0

(2,208) (2,805) (3,179) (3,260) (3,305) (3,342) (3,747) (3,797)

2033 2034 2035 2036 2037 2038 2039 2040

(2,300) (2,942) (3,453) (3,595) (4,005) (4,044) (4,488) (4,553)

(265) (254) (104) (98) (100) (102) (104) (106)

26 34 43 54 65 74 85 96

3 4 5 7 8 9 10 12

(2,594) (3,234) (3,604) (3,754) (4,178) (4,229) (4,687) (4,766)

(340) (340) (340) (340) 0 0 0 0

(2,934) (3,574) (3,944) (4,094) (4,178) (4,229) (4,687) (4,766)
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QUESTION NO. SC 3-3: 

Refer to SPS response to Sierra Club 1-4(e) and (h) regarding FOM and capital cost forecasts. 

a. Explain the basis of the Company’s assumptions and adjustments for FOM and 
capital costs across all scenarios. Provide all documentation and analysis that 
shows the basis of each cost forecast, and how each was developed. 

b. Explain how both the FOM and capital expenditure costs were adjusted down in 

the scenarios where one or two units were retired. Provide all analysis that shows 

how SPS calculated the adjustments to the values it used in EnCompass. 

c. State whether the Company assumed that capital costs and FOM costs ramped 

down in advance of a unit’s retirement.  

i. If yes, explain the assumptions and provide all workbooks that 

show the Company’s assumptions.  

ii. If no, explain what the values were not ramped down in advance of 

retirement. 

 

RESPONSE: 

a.  
 
On-going Capital Expenditure Forecasts 

 
For scenarios in which coal operations are maintained beyond 2024 (i.e. the SDA 
and DSI environmental control scenarios), SPS relied upon its final five-year 
capital expenditure budget (2020 – 2024) to assume continued coal operations. The 
five year average capital expenditure was then used all for future years and 
escalated at 2% per year. SPS then incorporated additional capital expenditure for 
the SDA and DSI environmental controls systems based on the Burns and 
McDonnell study.  

 
For scenarios in which coal operation are ceased at the end of 2024 (i.e the gas 
conversion and early retirement scenarios), SPS relied upon its 2021 – 2025 capital 
budget for the years 2021 – 2024. Based on discussions with the Xcel Energy 
Projects team, SPS then assumed an annual capital expenditure forecast of $3.75M 
per year (escalated at 2% per year) after the units were converted to operate on 
natural gas. 
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In all scenarios, SPS assumed no capital expenditure in the final year of each 
Harrington unit’s operation, a 50% reduction in the year prior to the unit’s 
retirement and 25% reduction two years prior to the units retirement. 
 
Supporting documentation is contained on the worksheets entitled “GasCapX” or 
“CoalCapX” in each of the spreadsheets provided in response to Exhibit SPS-SC 
1-4(e)(i). 

  
Fixed O&M 

 
For each scenario, SPS relied upon fixed O&M budgets created by Xcel Energy’s 
Strategic Asset Management group which are contained on the tabs titled “FOM” 
in each of the spreadsheets provided in response to Exhibit SPS-SC 1-4(e)(i). The 
total plant level fixed O&M is then divided equally among each unit.  

 
b. In the event one or two units are retired at the end of 2024, SPS removed the capital 

expenditure and fixed O&M costs for each of the retiring units after the unit was 
retired (i.e. 2025 and beyond). In addition, As described in subpart (a), SPS 
assumed no capital expenditure in the final year of each Harrington unit’s operation, 
a 50% reduction in the year prior to the unit’s retirement and 25% reduction two 
years prior to the units retirement. No further adjustments were made to FOM in 
the years preceeding a unit’s retirement. 

 
c. Yes. Please refer SPS’s response to subpart (b). 
 

Preparer: Ben R. Elsey 
Sponsor: Ben R. Elsey  
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RESPONSES 
 

 
QUESTION NO. SC 4-1: 
 

State whether SPS evaluated the early retirement of Harrington, assuming that any 
remaining plant balance was depreciated over each unit’s current lifetime. 

 
a. If yes, provide all such analysis. 

 
b. If no, explain why no such analysis has been completed. 

 
RESPONSE: 
 
 a. Not applicable. 
 

b. No, no such analysis was completed.  First, such an analysis would not resolve the 
challenges SPS face if the Harrington Units are retired by the end of 2024. Second, 
such an analysis would require SPS customers to continue to incur depreciation 
expense for the Harrington Units up to 16 years after they are used and useful.  
Please refer to pages 6-8 of the Direct Testimony of Ben R. Elsey for additional 
information. 

 
  
Preparer: Ben R. Elsey  
Sponsors:   Ben R. Elsey, William A. Grant 
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QUESTION NO. SC 4-2: 
  

State whether SPS has evaluated the possibility of converting the undepreciated plant 
balance at Harrington into a regulatory asset and depreciating the balance over the current 
plant life if any of the units, or the entire plant, retires early. 

a. If yes, provide all analysis and reports evaluating this option.   
 

b. If no, explain why not. 
 

RESPONSE: 

 a. Not applicable. 
 
 b. Please refer to SPS’s response to Question No. SC 4-1. 

 
 

Preparer: Ben R. Elsey 
Sponsors:   Ben R. Elsey, William A. Grant 
  

Exhibit DG-2

20



 

Case No. 21-00200-UT 
Southwestern Public Service Company’s Response to 

SC’s Fourth Set of Interrogatories  
Page 6 of 19 

 

QUESTION NO. SC 4-4: 
 

State whether SPS tested a CO2 price as part of the Harrington analysis. 

a. If yes, provide all analysis. 
 

b. If no, explain why not. 
 
 
RESPONSE: 
 

a. Not applicable. 
 

b. SPS did not evaluate a speculative carbon pricing as part of the Harrington analysis 
as no such policy or regulation exists today or has even been proposed in an 
actionable forum. 

 
Preparers:   Ben R. Elsey, Jeffrey L. West 
Sponsors:    Ben R. Elsey, Jeffrey L. West 
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QUESTION NO. SC 4-7: 
 

Refer to the EnCompass files provided for the Harrington 2021 analysis.  
 
a. Explain what costs are represented in the Annual Capital Expenditures ($000) 

timeseries. 
 

b. Explain what costs are represented in the Capital Expenditures ($000) field. 
 

c. Explain why Scenario 5 (where units 1 and 2 retire early) uses the same FOM cost 
stream for Units 1 and 2 as Scenario 2 (where both units convert to gas), instead of 
the same cost stream as Scenario 1 (where all units retire early). 
 

d. Explain why Scenario 6 (where unit 1 retires early) uses the same FOM cost stream 
for unit 1 as Scenario 2 (where unit 1 converts to gas) instead of the same cost 
stream as Scenario 1 (where the unit retires early). 

 

RESPONSE: 

a. SPS confirmed with Sierra Club this question is regarding the 
‘TimeSeriesDatedChanges’ tab in the file ‘SPS_ReferenceCase_1H21_2021-06-
21.xlsx’. 

 
 The annual capital expenditures ($,000) timeseries represents on-going capital 

expenditure forecasts for each unit. For example, the ‘Early Retire 2024 Annual 
CapEx’ time series includes on-going capital expenditure projections for 
Harrington units 0 – 3 assuming all three Harrington units retire end of year 2024. 
The ‘Gas 20xx Annual CapX’ times series includes on-going capital expenditure 
projections for Harrington units 0 – 3 assuming all three units are converted to 
operate on natural gas and retire at the end of their currently scheduled service 
lives’.  

 
 *Note: In the second example above, the naming structure for the times series is 

specific to the unit’s retirement date. For example, the time series for Unit 1 is 
called “Gas 2036 Annual CapEx”, the time series for Unit 2 is called “Gas 2038 
Annual CapEx” etc. 

 
b. SPS confirmed with Sierra Club this question is regarding the ‘Project’ tab in the 

file ‘SPS_ReferenceCase_1H21_2021-06-21.xlsx’. 
 

 The column ‘CapEx’ generally represents the existing net book value plus 
decommissioning costs for each unit. In the case of the Harrington Units there are 
multiple entries depending on the fuel source and retirement date of the Harrington 
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Units and additional entries for the SDA and DSI environmental control options. 
For example, the entry ‘Harrington 1 - Coal 2036 CapEx’ represents continued coal 
operation and depreciating the net book value through 2036. The entries 
‘Harrington 1 - Coal 2024 CapEx’ and ‘Harrington 1 - Gas 2036 CapEx’ represent 
(1) converting the units to operate on natural gas, (2) depreciating the coal assets 
through 2024, and (3) depreciating the remaining assets through 2036. 

 
c. As demonstrated in Exhibit SPS-SC 1-4(e)(i), for the years 2022 – 2024, SPS had 

originally intended to utilize a slightly lower fixed O&M forecast when comparing 
the cessation of coal scenarios against the continued coal operation scenarios. In 
other words, (1) retirement of all three units, (2) conversion of all three units, or 
any (3) combination of retirement and gas conversion would use a slightly lower 
O&M forecast in 2022 – 2024 when compared to either of the environmental 
control scenarios. However, upon discovering such a minor change was immaterial, 
SPS opted against adding another layer of complextity to the analysis and kept the 
fixed O&M forecast in 2022 – 2024 consistent across all scenarios, with the 
exception of retiring all three units. In doing so, the analysis understates the 
advantages of converting Harrington to gas compared against alternatives such as 
continued operation of coal and early retirement of the units.   

 
d. Please refer to subpart (c). 

 
Preparer: Ben R. Elsey 
Sponsor: Ben R. Elsey 
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QUESTION NO. SC 4-8: 
 

Please refer to SPS’s modeling files provided in response to SC 1-3(i). Please provide 
SPS’s projected emission rates for the following pollutants at the Harrington units if 
converted to operate on gas:  

a. CO2,  
 
b. NOx,  
 
c. particulate matter. 
 
d. Explain in detail and provide all documentation supporting SPS’s assumptions 

around the projected emissions rates for CO2, NOx, and particulate matter, if the 
Harrington units are converted to gas.  

 

RESPONSE: 

 
a. Please refer to the Resource Annual Emissions tab in the EnCompass Output Files 

provided in Exhibit SPS-SC 1-3(i)(CONF). 
 
b. Please refer to subpart (a). 
 
c. Please refer to subpart (a). 
 
d. For the purposes of modeling the Harrington units following the gas conversion, 

SPS relied upon the emission rates of its most similar gas-steam unit, Jones 2. These 
will be refined as performance specifications for the modified equipment once they 
are obtained and verified.   

 
Preparers: Ben R. Elsey, Jeffrey L. West 
Sponsors: Ben R. Elsey, Jeffrey L. West 
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QUESTION NO. SC 4-12: 
 

Please refer to SPS Exhibit SPS-SC 1-27.1 at 4 of 90.  

a. Did SPS obtain any authorization from the U.S. Army Corps of Engineers for the 
proposed pipeline, including, but not limited to, any certification under Nationwide 
Permit 12 or any other authorization under the Clean Water Act or the Endangered 
Species Act? If so, please provide all such authorizations or documents reflecting 
any communications with the U.S. Army Corps of Engineers related to any such 
authorization. If not, why not? 

 
b. Please provide all communications with the U.S. Army Corps of Engineers related 

to the need for any authorization for the pipeline.  
 

RESPONSE: 

To date, there has been no correspondence with the U.S. Army Corp or Engineers regarding 
the proposed pipeline.  This agency will be contacted in the future as required.  

 
Preparer: Jeffrey L. West 
Sponsor: Jeffrey L. West 
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QUESTION NO. SC 4-13: 
 

Please refer to SPS Exhibit SPS-SC 1-27.1 at 17 of 90.  
 
a. Did SPS obtain any authorization from the Fish and Wildlife Service under the 

Endangered Species Act for the proposed pipeline? If so, please provide all such 
authorizations or documents reflecting any communications related to any such 
authorization. If not, why not? 
 

b. Please provide all communications with the Texas Parks & Wildlife Department 
related to the pipeline or its impacts to endangered species, including, but not 
limited to all assessments referenced in paragraph 12.3. 
 

c. Please provide all communications with the Fish and Wildlife Service related to the 
pipeline or its impacts to endangered species, including, but not limited to all 
assessments, all additional species-specific surveys, or seasonal restrictions 
referenced in paragraph 12.3. 

 

RESPONSE: 

a. There has been no correspondence with Fish and Wildlife Service to date.  This 
agency will be contacted in the future as required. 
 

b. In Texas, the Texas Parks & Wildlife Department requested that SPS provide a 
copy of the Environmental Assessment filed in the Texas case (Docket No. 52485).  
Please refer to Exhibit SPS-SC 4-13 for a copy of the communication.  In New 
Mexico, there has been no correspondence with Texas Parks & Wildlife to date.  
This agency will be contacted in the future as required. 
 

c. See “a” above. 
 
Preparer: Jeffrey L. West 
Sponsor: Jeffrey L. West 
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QUESTION NO. SC 4-14: 
 

Please refer to SPS Exhibit SPS-SC 1-27.1 at 18 of 90. Did SPS obtain any authorization 
from the U.S. Environmental Protection Agency or the Texas Commission on 
Environmental Quality for the proposed pipeline, including, but not limited to any 
authorization under the Clean Water Act or the Clean Air Act? If so, please provide all 
such authorizations or documents reflecting any communications related to any such 
authorization. If not, why not? 

 

RESPONSE: 

To date, there has been no communication with the US Environmental Protection Agency 
or the Texas Commission on Environmental Quality regarding the proposed pipeline. 
 
This agency will be contacted in the future as required. 

 
Preparer:   Jeffrey L. West  
Sponsor: Jeffrey L. West 
  

Exhibit DG-2

27



 

Case No. 21-00200-UT 
Southwestern Public Service Company’s Response to 

SC’s Fourth Set of Interrogatories  
Page 18 of 19 

 

QUESTION NO. SC 4-15: 
 

Please provide all communications with the U.S. Environmental Protection Agency or the 
Texas Commission on Environmental Quality related to the pipeline, including, but not 
limited to all assessments referenced in paragraph 12.5. 

 

RESPONSE: 

There has been no communication with the US Environmental Protection Agency or the 
Texas Commission on Environmental Quality to date regarding the proposed pipeline.  
These agencies will be contacted in the future as required. 

 
Preparer:   Jeffrey L. West  
Sponsor: Jeffrey L. West 
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1 1. INTRODUCTION AND PURPOSE OF TESTIMONY

3

4

5

Q

A

Please state your name and occupation.

My name is Devi Glick. I am a Senior Associate at Synapse Energy Economics,

Inc. My business address is 485 Massachusetts Avenue, Suite 2, Cambridge,

Massachusetts 02139.

7

8

9

10

11

12

13

14

Q

A

Please describe Synapse Energy Economics.

Synapse is a research and consulting firm specializing in energy and

environmental issues, including electric generation, transmission and distribution

system reliability, ratemaking and rate design, electric industry restructuring and

market power, electricity market prices, strarided costs, efficiency, renewable

energy, environmental quality, and nuclear power.

Synapse’s clients include state consumer advocates, public utilities commission

staff, attorneys general, environmental organizations, federal government

agencies, and utilities.

15

16

17

18

19

20

21

22

23

Q

A

Please summarize your work experience and educational background.

At Synapse, I conduct economic analysis and write testimony and publications

that focus on a variety of issues related to electric utilities. These issues include,

non-exhaustively, power plant econotnics, utility resource planning practices,

valuation of distributed energy resources, and utility handling of coal combustion

residuals waste. I have submitted expert testimony on plant economics, utility

resource needs, and solar valuation in the states of Connecticut, Virginia, North

Carolina, South Carolina, and Florida. I authored a report on replacement analysis

for the San Juan Generating Station in northwestern New Mexico. In the course of
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1

2

3

4

5

6

7

8

9

my work, I develop in-house models and perform analysis using industry-standard

models.

Prior to joining Synapse, I worked at Rocky Mountain Institute, focusing on a

wide range of energy and electricity issues. I have a master’s degree in public

policy and a master’s degree in environmental science from the University of

Michigan, as well as a bachelor’s degree in environmental studies from

Middlebury College. I have more than seven years of professional experience as a

consultant, researcher, and analyst. A copy of my current resume is attached as

Exhibit DG- 1.

11 A

On whose behalf are you testifying in this case?

I am testifying on behalf of Sierra Club.

Have you testified previously before the New Mexico Public Regulation

Commission?

14 A No, I have not.

15 Q

16

17

18

19

2O

21

22

A

What is the purpose of your testimony in this proceeding?

My testimony evaluates Southwestern Service Company’s ("SPS" or the

"Company") Application as it relates to the Company’s request for cost recovery

in base rates for its operations and investment at its Tolk Generating Station

("Tolk") and its Harrington Generating Station ("Harrington"), both multi-unit

coal-fired power plants.

First, in Section 3 below, I evaluate Tolk and Harrington’s actual historical

economic performance over the past few years,lvl:~’~-’ analysis looks first at the
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12

13

14

15

16

17 Q

18
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20
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22

23
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plants’ overall economics relative to the market, and then more narrowly on an

operational basis, by calculating each plant’s annual costs and revenues from

2015 through 2018. In doing so, I evaluate the reasonableness of SPS’s request to

recover ongoing operations and maintenance ("O&M") and capital

expenditures--including certain avoidable costs that stem from the Company’s

general practice of choosing to "self-commit" the units, i.e., dispatching the units

into the market regardless of whether it loses money by doing so.

Next, in Sections 4-6, I evaluate the likely future economic performance of the

Tolk and Harrington plants. For the Tolk plant specifically, I focus on the

reasonableness of SPS’s request for approval to operate both of Tolk’s two units

seasonally, and in synchronous condenser mode, in an attempt to address the

plant’s serious water constraints.

Finally, in Section 7, I discuss the problems with SPS’s prior Strategist unit

retirement analysis. I also describe my recommendations that SPS should perform

updated, more comprehensive (and hence more accurate) retirement analysis for

both Tolk and Harrington.

What documents do you rely upon for your analysis, findings, and

observations?

My analysis relies primarily upon the workpapers, exhibits, and discovery

responses of SPS witnesses associated with this proceeding. Additionally, I rely to

a limited extent on certain external, publicly available documents such as the

Southwest Power Pool’s ("SPP") 2018 State of the Market Report and U.S.

Energy Information Administration (EIA) data.
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1 2. FINDINGS AND RECOMMENDATIONS

2 Q Please summarize your findings.

4
5
6

7
8

9
10
11
12

13
14

15
16
17
18

19
2O
21
22
23
24
25

26
27
28

A My primary findings include the following:

°

o

°

Tolk has historically been operated and dispatched uneconomically. When it
converts to seasonal operation, it will likely continue to operate
uneconomically, at an unnecessary cost to ratepayers.

Harrington, too, has historically been operating uneconomically and will
likely continue to do so.

SPS’s general practice of deciding to "self-commit" these units in the SPP
market--so that they are dispatched even when wholesale prices are lower
than what’s needed for the units to break even--has resulted in net
uneconomic operations at both Tolk and Harrington at ratepayers’ expense.

SPS cannot economically procure enough water to operate through the Tolk
units’ current respective retirement dates of 2042 and 2045.

Even if SPS can procure enough water to operate Tolk seasonally, or at a
reduced capacity through 2031, the Company has not demonstrated that doing
so would be the least-cost option to provide its customers with reliable
service.

SPS’s future operating plan and economic analysis for Tolk does not consider:
(1) the risk that the water shortage faced by the plant is more extreme than
currently projected, (2) the potential opportunity to sell the water for valuable
alternative uses, (3) the impact of water limitations on peak availability, and
(4) the possibility of retiring the generating assets at Tolk while operating the
synchronous condenser year-round to get the necessary voltage support
services.

SPS’s 2014-2015 unit replacement analysis for Tolk and Harrington relies on
outdated demand forecasts and resource cost assumptions. In addition, SPS’s
analysis fails to consider future capital expenditures that may be necessary to

4
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1
2

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Q

address both current and reasonably possible future environmental
regulations.

Please summarize your recommendations.

Based on my findings, i offer the following chief recommendations:

1. The Commission should disallow recovery of the increment of test year (April 1,

2018-March 31, 2019) O&M expenses at Tolk and Harrington incurred during

the months of the year that the Company’s self-dispatch practices for each plant

resulted in net uneconomic operations. During those months, the Commission

could disallow specifically the increment of cost incurred to operate and dispatch

the units that is over and above the cost at which SPS could have procured energy

from the SPP market to serve its customers. To the extent SPS has not provided

data at a sufficiently granular level to enable calculation, the Commission should

order SPS to provide it.

2. The Commission should investigate (as some other regulators have) whether costs

(including fuel costs) have been improperly passed on to customers due to

uneconomic sell-commitment and dispatch of Tolk and Harrington.

3. The Commission should deny recovery of the costs of ar~y significant future

capital projects that may be intended to prolong the lives of Tolk and Harrington

as generating assets, given the plants’ uneconomic performance and the

impending water shortages at Tolk.

4. The Commission should require SPS to perform a full retirement analysis for

Tolk, assuming a retirement date earlier than 2025 as part of its next Integrated

Resource Plan ("IRP"). This analysis should include sensitivities on the timing of

water depletion and incorporate (1) the risk of significant future capital and O&M

expenditures on environmental compliance, (2) potential revenue from sale of the

Exhibit DG-3



New Mexico Public Regulation Commission
Case No. 19-00170-UT

Direct Testimony of Devi Glick

1

2

3

4

5

6

7

water, and (3) unit de-rating to reflect the risk to peak operations as the aquifer

becomes depleted.

The Commission should require SPS to perform and submit an updated unit

replacement study for Harrington as part of its next IRP. This analysis should

include the risk of substantial future expenditures (capital as well as any increased

O&M) stemming from environmental compliance, as well as the possibility of

seasonal operations.

8

9

3. SPS HAS BEEN OPERATING ITS COAL PLANTS UNECONOMICALLY SINCE AT LEAST

2015

10

11

12

13

14

15

16

!7

18

19

20

21

22

23

Q

A

Please summarize this section.

I start by providing a brief overvie~v of the Tolk and Harrington plants. I then

summarize SPS’s rate requests regarding historical capital and O&M costs, in

Section (i), I evaluate the economics of Tolk and Harrington, and I find that total

costs exceeded the cost to procure energy from the market in each year from 2015

through 2018 for both plants. In Section (ii), I evaluate the annual operational

performance of Tolk and Harrington from 2015 through 2018. I find that variable

operational costs alone often exceeded the cost at which SPS could have procured

energy from the SPP market, which could have provided retail customers with

less costly (while adequate and reliable) service. In Section (iii), I review SPS’s

coal plant dispatch practices more broadly, discuss the implications for ratepayers,

and recommend that the Commission disallow an increment of test year (April !,

2018-March 31, 2019) O&M expenses at Tolk and Harrington on the basis of

uneconomic operations stemming from self-commitment in the SPP market.
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2

3

4

5

6

7

8

9

10

Q

A

Please provide a brief overview of the Tolk Generating Station.

Tolk consists of two 1980s-era coal-fired units located in Sudan, Texas. Unit 1 is

rated at 540 MW and Unit 2 is rated at 542 MW. Although the units were

originally estimated to operate for only 35 years--i.e., until 2017 (Unit 1) and

2020 (Unit 2)--the Commission approved extensions of their retirement dates to

2042 and 2045, respectively. ~ Tolk relies exclusively on groundwater from the

Ogallala Aquifer for generation cooling. However, as SPS’s own testimony in this

case emphasizes, the aquifer is currently in serious and irreversible decline.2 At

the current rate of consumption, SPS will not have sufficient water to operate the

plant beyond the mid-2020s at the latest.3

ll

12

13

14

15

Q

A

Please provide a brief overview of the Harrington Generating Station.

Harrington consists of three coal-fired units located northeast of Amarillo, Texas.

The plant’s units came online between 1976 and 1989. Units I and 2 are rated at

339 MW, and Unit 3 is rated at 340 MW. The units currently have Commission-

approved retirement dates of 2036, 2038, and 2040, respectively.

16

17

18

19

Q

A

What are SPS’s requests in this rate case for Tolk and Harrington?

SPS is requesting the following:

1. Inclusion in base rates of O&M costs for the test year period April 1,2018-

March 31, 2019 for the operation of Tolk and Harrington;

Direct Testimony ofM. Lytal on Behalf of SPS, at 51-52.

ld at. ~.

ld at 56.

7
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1

2

3

4

5

6

7

8

9

2. Inclusion in rate base of capital expenditures of $4.3 million for Tolk and $3.9

million for Harrington for the test year period of April 1, 2018-March 31,

2019,4 as well as $1.87 million fbr Tolk and $3.0 million for Harrington for

the period April 1, 2019-August 31, 20195 (associated depreciation expenses

and a return on investment requested for inclusion as well);

3. A change to Tolk’s retirement dates from 2042 for Unit 1 and 2045 for Unit 2,

to 2032 for both units, along with a corresponding adjustment of depreciation

rates; and

4. A switch to the seasonal operation of both u~its starting in 2020.6

10

11

Tolk and Harrington each lost moneF overall relative to the market from 2015

through 2018

12

13
Q What did you find regarding the overall economic performance of the Tolk

units?

14

15

16

17

18

19

A Using data provided by SPS, I calculated that the Tolk units incurred net losses

relative to the SPP energy market in the years 2015 through 2018. This is based

on a comparison of the annual costs of energy production and the annual market

revenue for each of the two Tolk units. Table 1 shows that the Tolk units

collectively lost at least $34 million relative to the market in each year from 2015

through 2018. This includes annual losses relative to the market as high as $33

Id. at Exhibit ML-2, New Mexico Retail portion of Additions to Plant-in-service.

ld.

E.g., Direct Testimony of W. Grant on Behalf of SPS at 8.

8
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million for Tolk Unit 1 alone in 2015. Over the four-year timeframe, the Tolk

tufits combined lost $158 million relative to the market.

4
5
6

7

8

Table 1. Net annual revenues of Tolk 1 and 2, 2015-2018 (2018 SMillion)

Tolk 1
Tolk 2
Total

Source: Work’paper of B. Week~, SO- _SPS_SC£2NARIO 2_RED UXOP~ 2 0 3 t,xIs;~
Exhib# SPS-SC 1-9(k) and Response to SPS-SC i-9(pL Exhib# SPS-SC l-9(f) and
Exhibit SPS-SC 1-9(0.

Q What did you find regarding the overall economic performance of the

Harrington units?

9

10

ll

12

13

14

15

A Again, using data provided by SPS, I calc~flated that the Harrington units also

incurred net losses relative to the market in the years 2015 through 2018. Table 2

shows that the three Harrington traits lost at least $16 million relative to tile

market in each year from 2015 fl~rough 2018, with combined losses relative to the

market as high as $75 million in 2016 alone. Total losses relative to the market

over the four-year period were $230 million dollars combined for Hamngton’s

three milts.

9
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3
4

6

7

8

9

10

1!

12

13

14

15

16

17

Table 2. Net annual revenues of Harrington 1-3, 2015-2018 ($Million)

Harrington 1
Harrington 2
Harrington 3
Total

Source: Workpaper of B. Week~; SO -_sPS_SCENARIO~’""~DL’~OPS’"’_203t.x/,sa
Exhibit SPS-SC t-9(k) and Response to SPS-SC ]-9(p), Y.xh~b~t SPS-SC ]~9(f) and
Exhibit SPS-SC 1

Q Describe how you arrived at the values in Table 1 and Table 2.

A The net revenue values in Table 1 and Table 2 are based on data provided by SPS.

This includes data on Tolk and Harrington’s respective energy revenues, ancilla~T

services revenues, fixed O&M costs, variable costs, fuel costs, enviromnental

capital costs, non-environmental capital costs, and propert3’ taxes. I calculated

amuml net revenues by subtracting fixed O&M costs, variable costs, fuel costs,

environmental capital costs, non-er, vironmental capital costs, and property taxes

from energ3" revenues and ancillary services revenues.

SPS provided some of the data at the unit level. This includes energetic revenues,

ancillary services revenues, and property taxes.7 Fixed O&M costs, variable costs,

fitel costs, environmental capital costs, and non-enviropanental capital costs were

provided at the plant-leveLs I converted plant-level fuel costs and variable costs

using a simple ratio of each unit’s annual generation relative to the plant’s total

Exhibit SPS-SC 1-9(k); SPS Response to SPS-SC 1-9(p) (se~ Exttibit DG-2).

Exhibit SPS-SC 1-9(f); Exhibit SPS-SC !-9(i) (see Exhibit I3t3-2),

10
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1

2

3

4

annual generation in gigawatt-hours (GWh).~) Similarly, I converted plant-level

fixed O&M costs, environmental capital costs, and non-environmental capital

costs using a ratio of each unit’s share of the plant’s total capacity in megawatts

(MW). 10

5 Q Would the results change if you included a capacity value in the calculations?

6 A

7

8

9

l0

11

12

13

14

15

16

17

We did not include a capacity value in the preceding analyses because SPP does

not have a capacity market. If we were to try to include SPS’s savings from not

acquiring capacity from other sources, net losses would be slightly smaller.

Nonetheless, both plants would still have net losses relative to the market in each

historical year I evaluated. ~ I valued capacity at the price SPS earns for firm

capacity sales (according to the Strategist model output)12 and found that the

value of the capacity from Tolk and Harrington (in $2018) would be $10.3 million

and $9.8 million, respectively, annually in each year from 2015 through 2018.

Thus, that capacity value is still significantly below the net losses that each plant

incurred in each year from 2015 through 2018. When I add a capacity value into

the equation, Tolk’s total losses relative to the market over the four-year period

are $117 million and Harrington’s total losses are $191.

I relied on annual generation data from the Strategist outputs included as workpapers with witness B.
Weeks’ Direct Testimony on Behalf of SPS. Specifically, 1 relied on data from "SO -
SPS SCENARIO2 REDUXOPS 2031.xlsx".

~0 Source of unit-level capacity data:

https://www.xcelenergy.com/energy_portfolio/electricity/power~lants/harrington;
https://www.xcelenergy.com/energy_portfolio/electricity/power~plants/tolk.

1~ On a unit level, all units with the exception of Harrington 2 in 2018, would have net losses.

~-~ Workpaper of B. Weeks, SO -_SPS_SCENARIO2_REDUXOPS_2031.xlsx.

11
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1

2

Q Is it possible to present the results from Tables 1 and 2 above to show each

cost and revenue component of your analysis including the capacity value?

3

4

5

6

7

8

9

A Yes. Figure 1 and Figure 2 present the results of the historical analysis for Tolk 1

and Harrington 1 with each cost and revenue component shown separately,

including the capacity value discussed above. The results for Tolk 2, Harrington

2, and Harrington 3 show a similar pattern. Because they are so similar, I do not

produce them here due to space considerations. Figure 1 and Figure 2 illustrate

that, in many years, the units’ annual fuel costs alone approach or exceed the

units’ annual revenues.

10 Figure 1. Annual net revenues of Tolk 1, 2015-2018

$50

$0

I

Capac~y Value
Anci/Jary Revenue~

Fixed

20 t5                 2016 20 g7 20t8

I1
12
13

Source." Workpaper orB. Weeks, SO- SPS SCENARIO2_REDUXOPS_2031.xlsx,
Exhibit SPS-SC 1-9(k) and Response to SPS-SC 1-9(p) Exhibit SPS-SC 1-909 and
Exhibit SPS-SC 1-9(1) (see Exhibit DG-2).

12
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2
3
4

Figure 2. Annual net revenues of Harrington I, 2015-2018

$40

$20

I

2015 20~6 2017 20t8

Capacity Value

Net Revenues
Ne~: Revenues

Source. Workpaper qf B. Weeks, SO - _SPS SCENARIO2 REDUXOPS_2031.xlsx,
Exhibit SPS-SC 1-9(k) and Response to SPS-SC l-9(p), Exhibit SPS-SC 1-9([) and
Exhibit SPS-SC 1-9(i) (see Exhibit DG-2).

5

6

Q Would SPS be justified in keeping a unit online that was operating at an

average annual loss relative to the market over multiple years?

7

8

9

10

11

12

13

14

15

16

A No. As I will discuss in the next section, SPS could be justified in operating Tolk

or Harrington at a loss relative to the market on an hourly, daily, or potentially

monthly basis in order to meet peak demand, or conceivably for reliability

reasons. However, it is not reasonable to operate a plant for years at a time if the

operator cannot earn enough revenue from the market to cover the costs to operate

and maintain the plant. To justify operation, generation resources should, on

average, be able to earn enough per kilowatt-hour from the market to cover the

variable operations costs, plus a small amount each towards the fixed and capital

costs needed to maintain the plant. Otherwise, the Company could more

economically procure energy ibr its customers from the market.

13
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2

3

4

5

6

7

8

9

Q

A

Do your findings regarding the recent net losses incurred by SPS’s coal units

indicate that the Company should retire all five of those units immediately?

No. There are likely sound logistical and reliability-related reasons to not retire

SPS’s entire coal fleet at once. In addition, retiring one or more coal units may

improve the economics of the remaining coal units. Also, past losses relative to

the market are not a guarantee of future losses relative to alternative resource

options. Given the recent net losses of SPS’s coal units relative to the market,

however, the Company should conduct rigorous economic assessments of near-

term retirement dates for each of those units.

10

ll

iL Tolk and Harrington often did not earn enough revenue even to cover variable

operational costs from 2015 through 2018

12

13

14

15

16

17

18

19

2O

21

22

23

Q

A

Please explain the purposes of this section, including the difference between

its analysis and the analysis above in Section (i).

In Section (i), I reviewed the total cost to operate and maintain Tolk and

Harrington relative to procuring energy from the market. That analysis evaluated

the combination of variable operational costs, fixed costs, and capital costs, and

then compares the total cost to keep the plant online to the cost of procuring

energy from the market. That type of analysis is relevant for determining whether

a plant should be kept online or retired and replaced with an alternative.

In this section, by contrast, I review the variable operations costs (including fuel)

and evaluate whether the plant is covering even the incremental cost to operate

the unit each hour. This type of analysis is relevant for evaluating a plant’s

dispatch practices, and it sets up evaluation of the reasonableness of SPS choosing

14
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t

2

to self-commit the units into the wholesale energy market. I discuss this further in

Section (iii), below,

3

4

5

6

7

8

9

10

11

12

13

14
15
16

17

18

19

20

21

22

Q

A

Q

A

Please summarize your findings regarding the operational economic

performance of the Tolk units in the years from 2015 through 2018.

Using data provided by SPS, I calculated that each of the Tolk coal units incttrred

net operational losses relative to the market in multiple years from 2015 ttn’ough

2018 (Table 3). Net operational losses result when the sttm of the hourly fuel and

variable O&M costs over a given year are greater than the sum of the hourly

nodal !ocational marginal prices ("LMPs") during all hours the unit is generating

energy. Combined, these two traits experienced a~mua! net operational losses over

half of the time, with the highest annual net operational !oss of $10 million

occm’ring in 2015 at Tolk 1.

Table 3. Annual net operational revenues of Tolk 1 and 2, 2015-2018 (2018 SMillion)

Tolk I ($0) $10
..... Tolk 2 ’$17 $2
Total $6 $6

Sourc~: Workpap~r of B. W~el~, SO - _SPS_~_SCENARIO 2_RED ~XOPS_20~LxIsx,
Exhibit SPS-SC 1-90c) and R~sponse to SPS~SC 1-9(p)~ Exhibit SPS-SC 1-9()’) and
Exhibit SPS-SC t-9(0 (~ee Exhibit DG-2).

Please summarize your findings regarding the operational economic

performance of the Harrington units in the years from 2015 through 2018,

Using the same data provided by SPS discussed above, I calculated that each of

the Harrington coal units incurred annual net operational losses in multiple years

from 2015 through 2018. Table 4 shows that each of the H~xfington traits incun’ed

aggregate operational losses of more than $7 million from 2015 through 201&

15
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1

2

3

4

Together, the units incurred net operational !osses of $35 million from 2015

through 2018. This means tl-mt c~tstomers would have saved money over this time

period if SPP had purchased energy from the market rather than operating its coal

units.

6

7
8
9

Table 4, Annual net operational revenues of Harrington 1, 2, and 3, 2015-2018 (2018

Harrington 1 $1 $3
Harrington 2 ...... $1’i
Harrington 3 $4

Total $18
Source: Work-paper of B. WoeI~, SO- SPS._SCENARIO2_REDUXOPS_203)Ixlsx~--
Exhibit SPS-SC 1-9~) and Response to SPS-SC 1-9(p), Exhibit SPS-SC ~-9(fl and
Exhibit SPS-SC 1-9(0 (see Exhibit DG-2).

10 Q Describe how you arrived at the values in Table 3 and Table 4.

11

12

13

14

15

A I amved at the net operational revenue values m Table 3 and Table 4 by

subtracting each of the Tolk and Harrington units’ 2015-2018 variable O&M

costs and fuel costs from its energy revenues and ancillary services revenues.

Each of these costs and revenues were directly provided by SPS, as described m

Section 3i.

16

17

18

Ki. SPS’s decision to self-commit its units to dispatch in the market has resulted in

the uneconomic operation of Tolk and Harrington~ at avoidable expense to

ratetTavers

19 Q Please provide a summary" of this section.

20

21

A In this section, I discuss some of the decisions and dynamics tmderlying the

a~mual net operational losses identified in Section 3ii. Specifically, I show how

16
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1

2

3

4

SPS’s operational decision-making is biased in favor of running its coal plants to

generate energy rather than serving its load with energy available at lower cost in

the market. Running SPS coal plants to serve load has resulted in higher costs to

ratepayers.

5 Q

6 A

7

8

9

10

11

12

13

14

15

16

17

18

19

20

How does SPS typically operate the Tolk and Harrington units?

SPS operates its coal units in the SPP energy market with the units’ commitment

statuses set to "Self-Commit" most often, and "Economic" or "Outage" each less

often. When a unit is set to "Self-Commit" status, a utility decides in advance that

it will operate the unit at its minimum operational level or higher regardless of

market prices. Conversely, when a unit is set to "Economic" status, the utility is

indicating that it will only operate the plant if it is selected based on the day-ahead

market results. This means that the utility bids in the price to operate the unit,

based on its variable and fuel costs in each hour, and the unit is selected if the bid

price is lower than the bid price of the margina! unit (the last unit needed to meet

demand in that hour).

Table 5 shows that each of Tolk’s two units was set to Self-Commit for at least l

~ of the hours in each year from 2016 through 2018, and in some years

considerably more. For Harrington, Table 6 shows that, on average from 2016

through 2018, each of the three units was set to Self-Commit for~

of the hours (in the case of Harrington 2, substantially more).

17
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l
2

Table 5. Tolk commitment practices, 2016-2018 CONFIDENTIAL

3
4

Source: Exhibit SPS-SC 2-6(b)(CONF)(CD) (s’ee Exhibit DG-2).

Table 6. Harrington commitment practices, 2016-2018 CONFIDENTIAL

5
6 Source: Exhibit SPS-SC 2-6(b)(CONF)(CD) (s’ee Exhibit DG-2).

18
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2

3

4

5

6

7

8

Q

A

Describe how you arrived at the values in Table 5 and Table 6.

I relied on unit-level hourly commitment status data provided by SPS to arrive at

the values shown in Table 5 and Table 6. For each unit, I calculated the total

number of hours of data provided for each year, and the number of hours each

unit’s commitment status was set to Economic, Outage, Reliability, and Self-

Commit. Finally, I divided .the hours for each commitment status by total hours of

data to arrive at the percentage of hours that each unit was set to a given

commitment status.

9

10

11

12

13

14

15

16

17

lg

19

Q

A

How does SPS describe its unit-commitment practices?

SPS asserts that "under most market operating conditions, SPS offers the Tolk

and Harrington units into the SPP Integrated Market ("IM") in "market status"

which allows the SPP IM to economically commit and dispatch the units

according to market needs." SPS further indicates that it will ’" self-schedule’

Tolk and Harrington units under certain conditions..." 13 As a matter of fact,

however, most of the time SPS does not offer the Tolk or Harrington units in

’Market’ (by which the Company presumably means to suggest ’Economic’

status) as illustrated above. The Company offers no clear explanation for the

discrepancy between how it describes its dispatch practices and how it actually

dispatches its plants.

SPS Response to SC 2-8 (see Exhibit DG-2). "SPS will ’self-schedule’ Tolk and Harrington units under
certain conditions such as required environmental emissions testing, unit performance testing, coal
bunker management for safety purpose, and to ensure adequate reserve margins for system reliability
under high demand and adverse weather conditions that jeopardize the renewable energy production;
such as extreme hot or cold weather, icing, wind over speed, cold and hot temperatures cut outs of the
wind turbines and potential impacts to natural gas supplies for the SPS generating fleet."

19
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2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Q

A

Do you have concerns with SPS’s commitment practices?

Yes. SPS’s claim that it offers Tolk and Harrington in Market status under most

operating conditions is not supported by the Company’s own dispatch record, in

which the Company has clearly designated the units with a Self-Commit status I

~ (see Table 5 and Table 6). 14 In the past, when natural gas

prices were higher and renewable prices were still coming down, the coal plants

may have actually been earning enough revenue to cover their operational costs

during a majority of hours. (Note this does not mean that the units were covering

their fixed and capital costs, and were therefore overall economic to operate.) In

this context, applying a Self-Commit status would not have had as large an impact

on market conditions as it would today. However, the modern market

environment is driven by persistently low gas prices and greater levels of zero-

marginal-cost renewables such as wind and solar. In this context, the coal units

are actually uneconomic to operate during a large portion of the year, and SPS’s

continued bias in favor of committing and dispatching them is costing ratepayers

millions of dollars a year.

17

18

19

20

21

22

Q

A

Have other entities raised concerns about self-commitment in the SPP

region?

Yes. The SPP Market Monitor raised this concern in its 2018 Stale of the Market

report, in which it states: "Self-commitment of generation continues to be a

concern because it does not allow the market software to determine the most

economic market solution. Furthermore, it can contribute to market uplifts and

~4 Exhibit SPS-SC 2-6(b)(CONF)(CD) (see Exhibit DG-2).

20
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1
2

3

low prices." 15 The SPP Market Monitor’s report further states that it continues to

"view reducing self-commitment of generation as a high priority for SPP and its

stakeholders as this will enhance market efficiency and improve price signals."

4

5

6

7

8

Moreover, public utilities commissions in both Minnesota and Missouri have

opened formal dockets to investigate utility self-dispatch practices. 17

Additionally, the Sierra Club recently published a report outlining the problems
that self-commitment and uneconomic dispatch pose in wholesale energy markets

(known as "ISOs" or "RTOs"). is

9

10

11

Q Have you conducted any additional analyses that explore the frequency with

which SPS operates its units at a loss, beyond the economic analysis

presented above in Section 3(ii)?

12

13

14

A Yes. I used data provided by SPS to determine the number and percentage of
hours in which each unit operated when the hourly unit-level LMP was less than

the unit’s variable O&M costs and fuel costs. 19 This analysis is similar to what I

Exhibit DG-3, Southwest Power Pooh - Market Monitoring Unit, State of the Market 2018 at 5 (May 15,
2019), available at:
https://www.spp.org/documents/59861/2018%20annual%20state%20oP/o20the%20market%20report.pd
f.

ld.

See Missouri Public Service Commission, Docket No. EW-2019-0370; Minnesota Public Utilities
Commission, Dockets Nos. E999/AA- 17-492 and E999/AA- 18-373.

Exhibit DG-4, Fisher, Jeremy, et al., Pla~ving With Other People’s Mono’: How Non-Economic Coal
Operations Dis’tort Energy Markets’, Sierra Club (October, 2019), available at:
https://www.sierrac~ub.~rg/sites/www.sierraclub.~rg/~~es/~ther%2~pe~p~es%2~M~ney%2~N~n~
Economic%20Dispatch%20Paper%20Oct%202019.pdf.
1 relied on: hourly unit-level generation data provided in Exhibit SPS-SC i-10(a)(CD); hourly unit-level
day-ahead LMP data provided in Exhibit SPS-SC 2-6(i)(CD); unit-level variable O&M costs data
provided in Exhibit SPS-SC 2-6(g)(CONF)(CD), provided at irregular intervals but with at least one
unit-level datum per year; and monthly plant-level fuel costs data provided in Exhibit SPS-SC !-10(b)
(see Exhibit DG-2).
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1

2

3

4

5

6

presented in Section 3(ii), except here I focus on the frequency of hourly results

rather than net annual results. Specifically, I calculated the percentage of annual

operational hours in which each unit’s fuel costs alone are greater than the unit’s

LMP. Then I added in each unit’s variable O&M costs and calculated the

percentage of hours where the combined variable and fuel costs exceed the unit’s

LMP.

9

10

ll

12

13

14

15

16

17

18

19

20

7 Q

A

What did you find about the frequency with which SPS operates the Tolk

and Harrington units at a loss?

! found that in 2016 and 2017, for more than ~ of the operational hours

at Harrington and Tolk, the units’ estimated2° fuel costs were greater than the

units’ LMP (Figure 3). When I added in the estimated variable O&M costs to the

fuel costs, that percentage increased to ~ of the time (Figure 4).

Plant performance for both Tolk and Harrington appears to improve in 2018, but

this is due in large part to the LMP spike in 2018. There is no reason to believe

that LMPs will remain at this level; in fact, the average day-ahead energy prices

were 10 percent lower this summer (2019) than they were in the summer of

2018.21 It is important to note that for Tolk, this slight improvement in 2018 was

also concurrent with SPS introducing an Opportunity Cost Calculator (OCC) at

Tolk to alter the offer price to reduce dispatch and conserve water.22 It is

concerning that the combination of the OCC and the high LMPs only slightly

2o Estimated because fuel costs data was provided on a monthly basis only.
21 Exhibit DG-5, Southwest Power Pool - Market Monitoring Unit, State of the Market Report, Summer

2019 at 2 (Oct. 25, 2019), available at:
https://www.spp.org/documents/60882/spp_mmu_qsom_summer 2019.pd f.

22 OCC was introduced in April 2018. SPS Response to SC 2-5 (see Exhibit DG-2).
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1

2

improved unit performance. This indicates that even when the plant switches to

seasonal operations, its fuel and variable costs could still likely exceed its LMPs.

3
4

Figure 3. Percent of operational hours where estimated fuel costs were greater than
LMP, 2016-2018 CONFIDENTIAL
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1
2

Figure 4. Percent of operational hours where estimated fuel costs plus variable O&M
costs were greater than LMP CONFIDENTIAL

,4

6

7

8

9

10

11

12

Q

A

Is there a monthly or seasonal trend in uneconomic dispatch by SPS?

Yes, as shown in Table 7 and "Fable 8, all units operated uneconomically during a

larger portion of the off-peak season hours--namely, October through May--

compared to the on-peak season hours--June through September. Below-, ’Fable 7

shows the estimated percentage of peak and off-peak season hours when just the

units’ fuel costs were larger than the units’ LMP. Table 8 shows the percentage of

peak and off-peak season hours when the units’ total variable operational costs,

which includes fuel and variable O&M costs, were larger than the units’ LMP.
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1
2

Table 7. Operating hours with fuel costs > LMP (%) by peak season and off-peak season
CONFIDENTIAL

.g’~)z~rce. Exhihil SP,%SC l-IO(a)(CD), E)/lib# SPS-SC 2-6(#(CD): Exhibit SPS-SC
Exhibit SPS-SC 1-10(b) (see Exhibit DG-2).

Note: Peak season is defined as June-September; Off-peak is defined as October-May.

6 Table 8. Operating hours with total operational costs > LMP (%) by peak season and off-peak
7 season CONFIDENTIAL

8
9

10 Q

1!

So~¢rc’e." Exhibit SPS-SC l- ! Of a) (CD)," Exhibit SPS-SC 2-6(i) (CD); g:rhibit SPS-SC 2-6 (g) (CON?) (CD),
Exhibit SPS-S( l-lOfb) (see Exhibil DG-2).

Do you know how the magnitude of total operational losses or revenues

break down by peak and off-peak season?

12

13

14

A No. We know- total annual net operational losses (or revenues), which I presented

in Section 3(ii). However, we do not know how those losses break down by

season because SPS has not provided data on hourly costs (which Sierra Club
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1

2

3

4

5

6

7

8

9

10

requested).23 Without these more granular, hourly data, we are unable to calculate

operational losses by season. To be clear, the data in Table 7 and Table 8 tell us

about the estimatedJi’equency of uneconomic operation, but not the magnitude.

This means we do not know if, on the whole, the Tolk and Harrington units are

actually covering operational costs during the peak season (but not off-peak

season), or if they are uneconomic during both seasons. The Commission should

require SPS to produce this information to evaluate the reasonableness of the

seasonal operation plan for Tolk, and to help determine whether seasonal

operation at Harrington would benefit ratepayers relative to continued full-year

operations.

11

12

13

14

15

16

17

18

2O

21

22

Q

A

What are the implications of this section’s findings of uneconomic plant

operations and unit commitment decision-making by SPS?

These results indicate that, in many hours over the past three years (the historical

years for which SPS provided data), SPS is often Committing and dispatching its

units in ways that result in net operational losses. This means the plants are not

even covering their operational costs, let alone earning enough to cover the fixed

and capital costs required to make the plant economic and reasonable to keep

online. Moreover, these losses could have been avoided or mitigated by choosing

not to offer the units into the SPP market in self-commit status--at the least

during the off-peak season. The years with net operational losses represent

extreme cases of uneconomic operations (relative to years when the plants covers

operational costs, but do not fully cover fixed and capital costs). These findings

Fuel costs were provided as monthly averages, and variable O&M costs were provided for only a few
hours per unit for the years 2016 through 2018. Exhibit SPS-SC 2-6(g)(CONF)(CD); Exhibit SPS-SC 1 -
10(b) (see Exhibit DG-2).
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

Q

A

indicate that SPS is imprudently making its unit commitment and operations

decisions. In doing so, the Company is incurring net operational losses that it

passes on to its retail ratepayers.

What are your recommendations to the Commission with regard to SPS’s

request for O&M for Tolk and Harrington?

I recommend that the Commission disallow recovery of a portion of the requested

test year O&M costs from April 1,2018-March 31, 2019 for Tolk and Harrington

on the basis that the plants have been, on average, failing to cover even their

operational expenses. Specifically, the Commission should disallow recovery of

O&M associated with the units’ uneconomic self-commitment dispatch practices.

To calculate the exact amount to disallow, I recommend that the Commission

require SPS to first calculate total operational revenues or losses on a monthly

basis. For the months with net uneconomic operations, the Commission should

disallow the increment of cost incurred to operate and dispatch the unit that is

over and above the cost at which SPS could have purchased energy from the

market.24 ¯

I further recommend that the Commission investigate whether costs have been

improperly passed on to customers due to uneconomic self-commitment and

dispatch of Tolk and Harrington through a docket dedicated to the issue. At a

minimum, the Commission should make clear that it will continue to evaluate the

issue in future proceedings, including in SPS’s fuel and purchased power cost

adjustment clause ("FPPCAC"), rate, and planning dockets.

Alternatively, the Commission would disallow just the portion of O&M incurred to operate the units
during the hours they are operating uneconomically in self-commit mode.
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1

2

4. TOLK AND HARRINGTON ARE LIKELY TO CONTINUE TO BE UNECONOMIC INTO THE

FUTURE~ AT UNNECESSARY COST TO RATEPAYERS

3 Q Please provide a summary of this section.

4

5

6

7

8

9

10

11

12

13

A in this section ! evaluate the likely future economic performance of both Tolk and

Harrington using the forward-going cost proj ections and power prices provided by

SPS.25 First, ! calculate projected future net revenues or losses for each unit and

find that continued operation of both Tolk and Harrington is likely to result in

substantial losses to ratepayers from 2020-2032. Then, to back up these findings, !

compare just the Company’s projected costs to the revenues that would be

required to avoid operating at an economic loss, i.e., "break-even revenues." l

compare the results to the historical revenues, and I find that both Tolk and

Harrington would need to earn significantly more revenue than each unit has

historically to avoid continuing operating at a loss.

_~5 After the close of business on November 21, 2019, the evening before the filing deadline for this

testimony, SPS provided a supplemental discovery response to SC 3-1, in which the Company admitted
that it erroneously designated May as a "summer peak" month in its Tolk Strategist analysis. Given the late
disclosure and the fact that SPS has not provided the updated Strategist output results for our review, or an
update to the monthly data requested in SC 3-1, 1 was unable to incorporate the new information into this
testimony.

I will note, however, that SPS’s error appears to have biased the Company’s analysis in favor of
continuing to operate Tolk, for at least two reasons. First, since the plant will be operating only four
months, rather than five, that means SPS will receive approximately 20% less annual revenue (even though
variable O&M and fuel costs drop by the same percent, SPS relies on projected power market prices that
are higher than projected fuel and variable costs). Second, since the additional year of operation will be
when the water shortage is most extreme, the extended operation may require additional wells and
associated costs. In light of SPS’s corrected discover3,’ response, 1 reserve the right to supplement or amend
my testimony and conclusions, as may be appropriate.

28

Exhibit DG-3



New Mexico Public Regulation Commission
Case No. 19-00170-UT

Direct Testimony of Devi Glick

1

2

3

4

5

6

7

8

9

10

11

Q

A

Using the data provided by SPS, what can you say about the likely future

economic performance of both plants?

I find that both Tolk and Harrington are very likely to lose ratepayers a substantial

amount of money between 2020 and 2032. Specifically, I find that Tolk could

lose anywhere between $8 million and $234 million and Harrington could lose

between $49 and $510 million between 2020 and 2032, depending on how often

each plant is dispatching during on-peak and off-peak times.26 Based on the likely

scenario that each plant dispatches two-thirds of its monthly generation during on-

peak hours, and one-third during off-peak hours (Table 9), I find that Tolk is

likely to lose $88 million and Harrington is likely to lose $202 million between

2020 and 2032.

The upper and lower bounds associated with dispatching 100% Of generation during on-peak hours or
100% during off-peak hours are not feasible because start-up and shut-down costs would prevent the
units from operating in this manner. In reality, a portion of each unit’s generation will be dispatched
during on-peak hours, and a portion off-peak.
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1
2

Table 9. Projected net revenues (losses) assuming 2/3 of generation is dispatched
during on-peak hours and 1/3 during off-peak hours

3
4
5

6 Q

Tolk I $14

Tolk 2

Harrington I
Harrington 2

Harrington 3

Source: SPS response to SC 1-23; SPS response to SC 3-1; Workpaper of B. Week,~; ~SO
-_SPS_SCENARIO2_REDUXOPS_203 LxIs:x’; SPS response to SC 1-26 (see Exhibit

Describe how you calculated the values in Table 9.

7

8

9

10

11

12

13

14

15

A I calculated the forward-going costs the Tolk and Harrmgton twits are projected to

recur based on adding together the fuel costs, variable O&M costs, fixed O&M

costs, and ongoLng capital costs--including the costs to drill additional wells at

Tolk (allocated evenly between Umts 1 and 2)---provided by Company wimess

B.F. Weeks m the Strategist output files. 27 I then calculated energy revenue using

monthly generation data from the Tolk Strategist model~ and the monthly on and

off-peak power prices provided by SPS for SPP South.291 assumed that two-

thirds of monthly generation was dispatched during on-peak hours, and one-third

was dispatched during off-peak hours.

27 Workpaper of B. Weeks, "SO -__SPS_SCENARIO2_REDUXOPS_2031.xlsx?’

SPS Response to SC 3-1 (.see Exhibit DG=2).                    "
SPS Response to SC 1-26 (see Ex_hibil DG-2). SPS provided projected power prices for several locations;
however, given the location of Tolk and Harfmgton in SPP south, I selected the prices for this location.
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2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Q

A

SPS’s data seems to indicate that Tolk will become more economic after

2025. Do you think this is accurate and does this support continued operation

of the plant?

No. First, the plant is projected to lose significant money relative to the market

between now and 2025. Those losses far outweigh the projected net revenues.

Second, projected revenues are based on power market price projects that are

increasingly uncertain as you get t’urther out. Finally, the Company appears to be

understating the costs to maintain access to sufficient water at Tolk based on the

Company’s recent historical spending on water supply and water availability

projects at Tolk. While it is reasonable for SPS to project lower O&M costs when

the plant switches to seasonal operation, and to avoid spending on large capital

projects as the plant nears retirement, 3o SPS’s projection of future capital

investments needs to reflect the full likely costs to maintain access to sufficient

water. Between 2014 and 2017, SPS spent $11.2 million on water supply and

water availability-related capital investments, and the Company has spent an

additional $4.9 million since the beginning of 2019.31 Going forward, SPS

projects spending an average of only $1 million annually on water projects at

Tolk.32

With a switch to seasonal operation, SPS will have to recover the fixed and capital costs over a smaller
portion of hours. However, SPS asserts that with a switch to seasonal operation, O&M will be lower and
"the interval between [capital] projects can be extended." Further, SPS states that "all capital projects in
the later years will be evaluated for the need during managed decline phase of the units." SPS Response
to SC 1-23 (see Exhibit DG-2).
SPS Response to SC 1-24 (see Exhibit DG-2).
Workpaper orB. Weeks, "SO- SPS SCENARIO2 REDUXOPS_2031.xlsx".
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Q

A

Q

A

Given the uncertainty about future conditions, have youperformed any

other analysis to support your findings above?

Yes. I have also performed break-even analysis to focus on just SPS’s projected

costs, and the revenue required to cover those costs. The analysis I presented

above, comparing projected future costs and revenues for each unit, relies on

uncertain power price projections years into the future. This analysis also required

me to make a key assumption about when each unit was dispatching. The analysis

answers the question, "Based on the power prices and costs provide by the

Company, and your assumptions around unit dispatch, what is the likely

economic performance of each unit." The break-even analysis, on the other hand,

is based almost entirely on the Company’s information and involves minimal

additional operational assumptions. It answers the question, "What assumptions

about future power prices are needed for the analysis to show positive net

revenues, given the Company’s assumptions around future costs, in order for the

plants to earn net revenues."

What is a break-even analysis?

A break-even analysis in this context calculates the LMP or the revenue that is

required for the plant’s revenues to exactly equal its operational costs (fuel and

variable O&M). The break-even LMPs can be thought of as the minimum average

LMP a unit must receive for generation in order to not lose money during a given

year. If the actual, average LMPs during a year are less than the break-even LMP,

the unit would operate at 1-256a loss. Break-even total revenue can be thought of

as the minimum total revenue that a plant must earn in a year, based on the

calculated LMPs and the likely projected future generation levels.
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2

3

4

5

6

7

8

9

10

11

12

Q

A

Please summarize your findings regarding the future economic performance

of the Tolk units.

Using future cost and generation projections provided by SPS,33 and historical

LMPs from SPP,34 1 find that the Tolk units will need to receive an average LMP

that significantly exceeds average peak-season LMPs from the recent past (2015-

2018) to avoid operating at an economic loss (Figure 5). I present the forward-

going costs as the hourly LMP that the Tolk units would need to earn. I compared

these projected LMPs to historical annual average hourly LMP for each unit from

the months of June through September based on hourly unit-level LMPs from the

SPP from 2015 through 2018. SPS has presented no evidence or projections that

indicate that the Company believes future LMPs will increase to the level required

to make sustained operation of Tolk economic.

Workpaper of B. Weeks, "SO -_SPS_SCENARIO2_REDUXOPS_2031 .xlsx."
Available at: https://marketplace.spp.org/pages/rtbm-lmp-by-location.
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Figure 5. Tolk Units I & 2 historical and future break-even LMPs, 2015-2032

$45 ...........................................................................................

rotk t Historical L~P

2 Source." Source." Workpaper qlrB. Weeks, "SO - SPS SCENARIO2_REDUXOPS_2031.xlsx. "

Note: Historical LMPs represent the average of the hourly LMPs for only the four on-
peak months that SPS plans to operate Tolk beginning 2020 (June through September).

5

6

Q Please summarize your findings regarding the future economic performance

of the Harrington units.

7

8

9

10

11

12

13

14

15

A Using the same data provided by SPS, I calculated the forward-going costs that

the Harrington units are projected to incur through 2032, and therefore the

revenues and LMPs that the Harrington units would need to receive to operate

economically. Figure 6 shows that for the Harrington units to avoid operating at a

loss they would need to receive annual average LMPs in most years that exceed

the annual historical average LMPs they received from 2015 through 2018.

Despite the 2018 spike in SPP energy prices, there is no evidence to support an

assumption that future revenues and LMPs will continue to increase to a level

required to sustain economic operations. Using past LMPs as a proxy for future
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1

2

LMPs, all three Harrington units would be operating at an economic loss in the

majority of years through 2032.

Figure 6. Harrington Units 1-3 historical and future break-even LMPs, 2015-2032

.............# ~,:t~ .... .......................

Source: Workpaper of B. Weeks, "SO - __SPS SCENARIO2 REDUXOPS_2031.xlsx. "

5 Q Describe how you arrived at the values in Figure 5 and Figure 6.

6

7

8

9

10

11

A I calculated the forward-going costs the Tolk and Harrington units are projected to

incur using the same data and methodology outlined in the first part of this

section,s5 1 used the projected annual costs for each unit net of the capacity value

to estimate the level of annual revenues SPS would have to receive from the

ancillary and energy markets in order to break even. That is, if the annual

revenues for a unit were exactly equal to the annual costs, the unit would achieve

ss Workpaper of B. Weeks, "SO - SPS SCENARIO2 REDUXOPS 2031.xlsx."
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1

2

break-even economic status. However, if the annual revenues are less than the

annual costs, the unit would be operating at a loss.

3

4

5

6

7

8

9

Because SPS plans to reduce operations at Tolk and operate the plant only from

June through September (peak season) between 2020 and 2032,36 it is not useful

to directly compare forward-going break-even revenues with historical

revenues. 37 Instead, I divided the calculated annual break-even revenues by

projected generation by unit--provided in SPS’s Strategist output files38--to

arrive at break-even LMPs. For consistency of analysis, I present the results from

Harrington as a break-even LMP as well based on year-round operation.

10

11

Q Is there other analysis that supports your overall economic assessment of

SPS’s Tolk and Harrington Stations’ forward-going economics?

12

13

14

15

A Yes. Analysis from SPP’s Market Monitoring Unit (MMU) supports this

assessment. SPP’s 2018 State of the Market report describes coal plant economics

within the SPP region and indicates that "... MMU analysis shows that market

revenues do not support going forward costs for coal resources.’’39

-~(’ Direct Testimony orB. Weeks at 22.
;7 Due to the reduced operations in the forward-going analysis, forward-going production costs will be

lower than historical production costs, and consequently the break-even revenues will be less than
historical revenues.

;s WorkpaperofB. Weeks,"SO- SPS SCENARIO2 REDUXOPS 2031.xlsx."
.;9 Exhibit DG-3, Southwest Power Pool - Market Monitoring Unit, State of the Market 2018 at 2 (May 15,

2019), available at:
0 0 0 0 0https://www.spp.org/documents/59861/2018 ~/o20annual Vo20state ’/o20of%20the Vo20market ’/o20report.pd

f.
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3

4

5

6

7

8

9

10

11

12

13

14

15

Q

A

Q

A

What are the implications of these uneconomic results for ratepayers?

Based on SPS’s own input assumptions, we find during two separate types of

analysis, that Tolk and Harrington are very likely to continue operating at a loss

going forward. This means that ratepayers will continue to pay for SPS to

uneconomically operate the Company’s coal fleet.

What are your recommendations to the Commission with regard to any

request for recovery of future capital investments at Tolk and Harrington?

Given that Tolk and Harrington will likely remain uneconomic, I recommend that

the Commission preemptively deny recovery of the costs of any substantial future

capital projects that may be intended to prolong the lives of Tolk and Harrington

as generating assets. It is unreasonable for ratepayers to spend any more money to

keep economically non-competitive plants onliae, parti, cularly in light of the

impending water shortages at Tolk.

TOLK CANNOT ECONOMICALLY PROCURE WATER TO OPERATE THROUGH ITS UNITS’

CURRENT RESPECTIVE RETIREMENT DATES OF 2042 AND 2045

16

17

18

19

20

21

22

Q

A

Please summarize this section.

In this section I review SPS’s request to adjust the depreciation dates of the two

Tolk units based on a retirement date of 2032, accelerated from the current dates

of 2042 for Unit 1 and 2045 for Unit 2. Specifically, ! examine the Company’s

groundwater modeling and economic analysis and find that the modeling and

analysis supports the Company’s assertion that it cannot economically procure

groundwater to maintain operations at Tolk through 2042 and 2045.
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1 Q What is SPS’s request regarding future operations of Tolk in this rate case?

2 A SPS requests the following relief:

3

4

5

6

7

8

9

¯ A change to the Tolk Station retirement dates from 2042 for Unit 1 and 2045

for Unit 2 to 2032 for both units, and a switch to seasonal operation starting in

2021.40

¯ A change in the depreciation lives of the Tolk Units to 2032 for generating

purposes.41

A depreciable life for the assets associated with Tolk’s operation in

synchronous condenser mode ending in 2055.42

10 Q Has SPS previously requested a change in the remaining useful life for Tolk?

11

12

13

A Yes, in SPS’s last rate case, the Company requested to shorten the retirement

dates for Tolk for depreciation purposes. However, SPS did not officially request
43a 2032 retirement date until this case.

14 Q Why is SPS requesting a change in the remaining useful life date for Tolk?

15

16

!7

!8

A SPS is requesting a change to the retirement date, and plans to switch to seasonal

operations at Tolk, due to the "continuing and irreversible decline of the Ogallala

Aquifer.’’44 SPS asserts that if Tolk continues to operate at current levels,

economic depletion of the aquifer will occur between 2024 and 2026. Once

40 Direct Testimony of W. Grant on Behalf of SPS at 8.
4~ Direct Testimony ofM. Lytal on Behalf of SPS at 5-6.
42 Id.
43 Direct Testimony of W. Grant at 79.
44 Direct Testimony of M. Lytal at 4.
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1

2

3

economic depletion occurs, the cost to secure water through continued drilling of

new- wells or alternative procurement measures will make it uneconomic to

ratepayers for SPS to continue operating the plant.45

4

5

Q What alternative solutions has SPS explored to procure the water needed to

keep Tolk operating through its original retirement dates of 2042 and 2045?

6

7

8

9

10

11

12

13

A SPS explored alternative solutions in the prior rate case; specifically a water

pipeline proj ect with the City of Lubbock and the construction of hybrid cooling

towers.46 However, the City of Lubbock notified SPS that it is not able to provide

Tolk the required quantity of water, and the construction of two hybrid cooling

towers would be cost prohibitive at around $236 million.47 Based on this and

other assessments, SPS has asserted that "there is no feasible operational scenario

that would allow SPS to economically maintain the Tolk generating units until the

end of their currently approved service lives in 2042 and 2045.’’4s

14 Q Has SPS already been facing water supply challenges at Tolk?

15

16

17

18

A Yes. As the Ogallala Aquifer is depleted and the level of saturated thickness

drops,49 SPS has had to drill an increasing number of wells to supply the water

needed for peak operations. Tolk’s well count has increased 207 percent since

1992, yet total wellfield production has declined by 25 percent during the same

45Id. at 3 8.

4~Direct Testimony of W. Grant at 82.
47Company Witness Grant stated "SPS has determined that the installation of hybrid cooling towers at Tolk

to be economically imprudent given the age of Tolk, the uncertainty and cost of the technology, and the
potential for increased environmental costs that may occur at some point in the future." ld. at 83.

4s Direct Testimony ofM. Lytal at 81.
49 The saturated thickness of the aquifer is defined as the distance from the water table to the base of the

aquifer.
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1

2

3

4

timeframe.5° SPS hired an external firm, WSP USA, to perform its groundwater

modeling. WSP’s 2018 groundwater modeling concluded that SPS would have

trouble extracting enough water from the wellfield to meet peak demand in the

summer starting in 2019.51

6

7

8

9

Q

A

Has Tolk undertaken any projects recently related to water supply access?

Yes. Tolk added eight new wells between 2018 and 2019 to offset predicted

production deficits from the current wells. 52 SPS acknowledged that the Company

will need to continue regularly drilling new wells to sustain operation through

2031.53

10

11

12

13

14

15

16

17

Q

A

Has SPS presented sufficient evidence to support its assertion that Tolk

cannot feasibly maintain operations at current levels through the units

currently approved service lives of 2042 and 2045?

Yes. Based on groundwater data collected for the Company between 2007 and

2018,54 and the Company’s evaluation of alternatives, SPS has presented ample

evidence to demonstrate that the costs of obtaining the water required to sustain

operation through 2042 and 2045 far exceeds economic levels. In light of the

rapidly deteriorating water supply, it is clear that the Tolk units should be retired

50 At the time Tolk was built, the wellfield average flow was approximately 700 gallons per minute (gpm)
per well; now the flow rate is approximately 200 gpm and projected to drop to between 50-80 gpm as the
aquifer is further depleted. Direct Testimony of M. Lytal at 65.

~ ld. at 64.
52 ld. at 64.
53 ld. at 76-77.

54 Sources included 3-D modeling and other public data from the High Plains Water District ("HPWD"),

modeling and data from the United States Geological Survey, semi-annual wellfield productivity test,
and groundwater modeling from the firm WSP.
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1

2

3

4

by 2032 at the latest. Indeed, our analysis of the Company’s own data makes clear

that customers would save money by retiring the plant even sooner. Based on this,

I recommend that the Commission approve a retirement (and depreciation) date

for Tolk no later than 2032, or ideally earlier.

5

6

6. SPS HAS NOT DEMONSTRATED THAT SEASONAL OPERATION OF TOLK THROUGH

2031 IS THE LOWEST-COST OPTION FOR SERVING CUSTOMERS’ NEEDS

7 Q

8 A

9

10

11

12

13

14

15

16

17

18

Please summarize this section.

In this section I first explain SPS’s proposal to conserve water by operating Tolk

seasonally as a generator from 2020 through 2031, and by operating the unit as a

synchronous condenser in the off-peak season. I summarize the groundwater

modeling and Strategist analysis upon which SPS relied and outline my concerns

with the groundwater modeling and economic analysis. Then, in Section (i), I

review how the risk of Water shortage is incorporated into SPS’s water model. In

Section (ii), I discuss an alternative use for the water currently used at Tolk. In

Section (iii), I outline how water shortages can impact modeling of peak capacity.

In Section (iv), I review the Company’s Tolk Strategist analysis. Finally, in

Section (v), I outline how to incorporate each of the water-related risks and

opportunities into the Company’s economic analysis.

19

20

21

22

Q

A

Please explain SPS’s proposed seasonal operation plan at Tolk between now

and the proposed retirement date of 2032?

To conserve the economically recoverable water to which Tolk has access, and to

extend the life of the plant to maintain the capacity value of the plant, SPS is
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4

5

6

7

proposing to reduce operations seasonally. 55 Between 2019 and 2020, SPS

proposes to operate Tolk as a coal-fired generator at full "economic dispatch"

between June through September, and to operate the unit only at minimum load in

the remaining off-peak months.56 Then, starting in 2021, SPS proposes to

continue full "economic dispatch" operations during the peak months (June-

Septdmber) and operation in synchronous condensing mode during the off-peak

months (October-May).57

8

9

10

11

12

13

14

15

Q

A

Why does SPS propose to operate Tolk in synchronous condenser mode

when it is not operating as a generator?

Tolk currently provides voltage stabilization to the transmission system when it

generates electricity. 5s SPS claims that the regional transmission system will face

voltage constraints when Tolk is not generating electricity. Installation of a

synchronous condenser and operation in synchronous condenser mode will al!ow

the plant to provide the voltage stabilization SPS asserts is needed without

operating the plant in generation mode and consuming fuel.

16

17

18

19

Q What analysis did SPS rely on to develop its strategy to operate Tolk

seasonally?

A As noted, SPS relied on 2018 groundwater modeling from the firm WSP to

evaluate whether the groundwater supply could roughly meet the required demand

55 Direct Testimony of M. Lytal at 50, 72.
56 Direct Testimony of B. Weeks at 22. SPS indicates that because of the time required to install the

synchronous condenser, it is not feasible to take Tolk offline during the oft-peak months beginning in
2019.

57 Idat 17.
58 Direct Testimony of M. Lytal at 72.
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3

4

5

6

7

8

for continued operation under both current operations (typical demand) and

seasonal operations (optimized demand), s,) Based on the results of this modeling,

SPS then developed a spreadsheet-model ("SPS’s water model") to more closely

evaluate Tolk’s long-term water supply under five operating scenarios6° and

identify a water depletion window in which the Company could no longer

economically meet its generation cooling needs. 61 SPS then input the parameters

l}om the water model into the Strategist model ("Tolk Strategist analysis") to

calculate present value revenue requirement of each scenario.

9

10

11

12

13

14

15

16

17

18

19

20

Q

A

Do you have any concerns with the way SPS incorporated its water depletion

assumptions into the economic analysis?

Yes. SPS asserts that seasonal operation of the plant offers the lowest-cost option

for ratepayers. However, SPS’s Tolk Strategist analysis contains several flaws and

shortcomings--specifically that it: (1) does not properly account for the risk that

the amount of economically recoverable water may fall faster than currently

contemplated; (2) does not consider the revenue that could be gained by selling

the remaining water in place of using it to support plant operations; (3) does not

directly consider the impact that accelerated water shortages could have on the

plants’ peak availability; and (4) is limited to five scenarios that each assume

continued operation and do not contemplate retirement earlier than 2025

alongside replacement with alternatives.

5~) Direct Testimony of M. Lytal at 72.
(,0 Direct testimony ofM. Lytal at 72; SPS Response to SC 1-25(CD) attachment Tolk x water supply

model scenario_2 (see Exhibit DG-2); Direct Testimony of M. Lytal at Attachment ML-6(CD).
(’~ Direct Testimony ofM. Lytal at 73.
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2

SPS’s economic anaiFsis does not properiF evaluate the risk that the amount of

economicallF recoverable water maF fall i~aster than SPS currently: contemplates

4

5

6

7

8

9

10

ll

Q

A

Please summarize this section.

First, I discuss my concerns with the way SPS incorporated, and relied upon, the

WSP groundwater modeling into the Company’s economic modeling and its plan

to operate Tolk seasonally given the level of uncertainty in the WSP groundwater

modeling. Second, I outline the implications of SPS’s failure to incorporate the

risks that agricultural and municipal pumping will deplete the aquifer faster than

anticipated into its SPS’s spreadsheet water model. Finally, I conclude that SPS

has not presented adequate evidence to demonstrate that the aquifer can

economically supply the water needed to support operations through 2031.

12

13

14

15

16

17

18

19

20

Q

A

Do you have concerns with the Company’s use of the WSP groundwater

modeling to develop its plan to operate Tolk seasonally?

Yes, SPS asserts that the WSP groundwater modeling "confirms that reduced

operations can extend the useful lives of the Tolk units until 2030-2032 relative

to typical operations.’’62 However, the results presented by WSP actually do not

fully support this statement. While the report finds that the difference between the

available water supply and demand was likely to be significantly lower under an

optimized demand scenario (relative to a tradition demand scenario), the report

clearly states:

~-~Direct Testimony of M. Lytal at 75; Exhibit DG-6, 2018 Groundwater Modeling Results, Xcel Energy
(Nov. 2018).
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10

ll

Q

SPS will likely have challenges meeting the average annual groundwater demands

throughout both scenarios, with these challenges accelerating in the year 2024.

Meeting peak demands in the summer will also likely be a challenge for the

wellfields starting in 2019.63

Moreover, WSP acknowledges that its model may have underestimated depletion

rates, most notably because of the uncertainty about groundwater pumping rates

from irrigators located close to the SPS Water Rights Area ("XWRA")

boundary. 64

What are the implications of WSP’s findings that meeting peak water

demands will be challenging starting in 2019, and accelerating starting in

2024?

12

13

14

15

16

17

18

19

2O

21

A WSP’s findings indicate that it will be difficult for SPS to ensure access to

sufficient water at peak times through 2032, even assuming a baseline-level of

additional wells. This means that water could be depleted more quickly than

modeled in SPS’s water model, and the Company would therefore need to spend

more money than currently included in the Tolk Strategist analysis to maintain

access to sufficient water. Any wells required beyond that baseline will make

Tolk more uneconomic. Therefore SPS’s Strategist economic analysis should

have included robust evaluation of sensitives for deviations from (1) the water

depletion windows calculated in SPS’s water model, and thus (2) an increase in

the number of wells required to supply peak water demands.

6s Direct Testimony of M. Lytal, at Attachment 2018_Xcel_Groundwater_Model Update_final_reduced,
page 3; Exhibit DG-6, 2018 Groundwater Modeling Results, Xce[ Energy (Nov. 2018).

~4 ld.
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Instead, SPS’s economic analysis relies on a best-case scenario input assumption

around water availability, without also including any evaluation of the costs and

impact on ratepayers if the water actually costs more to procure going forward.

Just as prudent utilities evaluate a range of fuel and capital cost assumptions,

energy prices, and load forecasts, SPS should have evaluated a high-band water

depletion scenario that reflects the very real risk that SPS’s baseline assumption is

overly optimistic.

8

9

10

11

12

13

14

15

16

17

Q

A

Please explain why pumping by irrigators located close to the SPS Water

Rights Area ("XWRA") is relevant to SPS’s analysis.

The amount of water available to Tolk is critically influenced not just by how

much water the Company uses at the plant, but also by how much water

agricultural and municipal entities in the area are using. 65 SPS witness Lytal

acknowledged this in stating that "one of the most significant variables in the

WSP model relates to the amount of agricultural water used in the model domain

outside of the SPS wellfield, which drives overall water usage in the area.’’66 This

means that SPS has no control over a main factor driving depletion of its water

supply.67

18

19

20

21

Q How large of an impact could changes in agricultural and municipal

pumping have on the aquifer depletion rates?

A SPS does not quantify how large of an impact changes in area water pumping

could have on depletion rates; therefore, we have no information on how" the

~,5 Direct Testimony of M. Lytal at 66-67.

6~, Id
67 ld at 76.
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5

magnitude of uncertainty from external pumping compares to the magnitude of

impacts from changing plant operations.6s Without this information, the

Commission cannot know on whether internal operational efforts by SPS to

manage aquifer depletion rates could be easily negated and overwhelmed by

changes in external pumping practices.

6

7

8

9

10

11

12

Q

A

How does SPS’s water model take into account the uncertainty of pumping

by agricultural and municipal parties in the area?

SPS’s water model uses a small range (three years) of potential depletion dates to

capture some uncertainty.69 However, the model does not directly quantify or

evaluate uncertainty from agricultural and municipal pumping. SPS’s water

modeling focuses only on how changes in operation of its own plants impact the

water depletion timeline. 7o

13

14

15

16

17

18

Q

A

Do you have any other concerns with SPS’s modeling of future water

availability?

Yes. None of the groundwater modeling on which SPS relies considers the risk of

future regional droughts leading to less economically recoverable water. 7~

Drought can directly impact the water available to Tolk. For example, by

decreasing the surface water available to municipal and agricultural parties in the

~8 SPS Response to SC 1-19 (see Exhibit DG-2). SPS states that it has not performed any analysis to

evaluate or quantify the risk of less than projected economically recovery water resources preventing
seasonal operation of the Tolk plant through 2032.

7o SPS Response to SC 1-25(CD) attachment Tolk x water supply model_scenario 2 (see Exhibit DG-2).
7~ SPS Response to SC 1-18 (see Exhibit DG-2).
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area, drought can cause an increase in the rate at which they draw from the aquifer

beyond the levels anticipated.

3

4

5

6

7

8

9

10
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Q

A

Has SPS adequately demonstrated that optimized seasonal operations will

ensure there is sufficient water to sustain operations through 2031?

No. While SPS has definitely demonstrated that there is not sufficient water to

sustain operations through the currently approved 2042 and 2045 retirement dates,

the Company’s analysis does not demonstrate that there will be sufficient water to

sustain operations through 203 l. As discussed above, SPS will face increasing

challenges meeting groundwater need as soon as 2019 and accelerating beyond

2024.72 Despite this, SPS is still proposing to run Tolk in seasonal operations

mode for an additional 13 years beyond the 2019 date of increasing challenges,

and eight years beyond the 2024 date of the onset of accelerating problems.

13

14

15

16

17

18

Q

A

If the evidence does not definitively support the feasibility or economic

soundness of operation through 2031, why is SPS proposing this date?

It is unclear why SPS is requesting approval for a 2032 retirement date for

ratemaking reasons while simultaneously admitting its analysis shows that an

earlier retirement date is likely. 73 Specifically, Witness Weeks includes the

following in testimony:

72 Direct Testimony of M. Lytal at Attachment 2018 Xcel_Groundwater Model_Update_final reduced,
page 3.

7_~ Direct Testimony of B. Weeks at 22-23.
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Q: "If sPs’s analysis shows that the retirement date for Tolk could be earlier

than 2032, why does SPS propose a 2032 retirement date for ratemaking

purposes?"

A: SPS is proposing this date to be conservative for ratemaking purpose. SPS

first requested a 2032 retirement date in Case No. 17-00255-UT but the

request was denied.., v4,,

The lack of clarity provided by the Company here on why the 2032 date was

selected indicates that it is was likely arbitrarily selected rather than supported by

analysis or actual evidence.

10

11

12

13

14

15

16

17

18

19

iL SPS’s economic analysis does not consider alternative uses for the water other

than plant operations at Toik

Q

A

Has SPS considered selling its water rights instead of using the water to

operate Tolk?

No. SPS claims it has not explored any opportunities to sell the water the

Company would otherwise use to operate Tolk. 7s

Q

A

Is there evidence that there would be demand for Tolk’s water supply or

Xcel’s water rights?

Yes. SPS discussed the possibility of buying water from the City of Lubbock.

This plan was not pursued because the City realized it did not have sufficient

;4 Direct Testimony of B. Weeks at 22-23.
75 SPS Response to SC 1-20 (see Exhibit DG-2).
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Q

A

water to supply Tolk.76 SPS has also discussed the declining levels of water

available tbr area agricultural and municipal parties. All of these parties lacing

water shortages themselves present potential buyers for the water that SPS is

currently using to run Tolk.

What is the implication of omitting this potential revenue stream from

economic or retirement analysis of Tolk?

The value of selling the water or water rights represents a real value stream that

SPS could realize under alternative resource scenarios. Omitting potential revenue

streams fi’om the sale of Tolk’ s water results in an undervaluing of alternative

resource options relative to continued operations of Tolk.

11

12

13

14

15

16

17

!8

19

iii. SPS’s economic anai~:sis does not properiF reflect how the water shortage wifl

impact peak capacitF availabilitF

Q

A

How does uncertainty about future water availability discussed above impact

the economics of operations at Tolk?

SPS cited the value of Tolk’s capacity as a reason to maintain the unit as a

seasonal resource. 77 However, WSP’s findings clearly indicate that SPS will have

trouble maintaining access to water sufficient to support peak summer operations

beyond 2019.7s Based on this uncertainty, SPS cannot rely on Tolk’s lull capacity

as a firm resource during summer peaks. Therefore, modeling Tolk at its full

v6 Direct Testimony of W. Grant at 82.
77 Direct Testimony ofM. Lytal at 72.
7sDirect Testimony of M. Lytal at Attachment 2018_Xcel_Groundwater Model_Update_final reduced.

page 3.
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3

capacity results in an overstatement of the summer capacity value that Tolk

actually provides to the system and overstates the value of keeping Tolk operating

as a generator.

4

5

6

7

8

9

10

11

12
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17

18

19

Q

A

Q

A

SPS’s economic analysis is limited in scope and fails to consider retirement in

advance of 2025

Please summarize this section.

In this section I review the limitations of the Strategist modeling that SPS

performed using the water depletion findings from the Company’s water model. I

discuss how SPS constrained its analysis to only five scenarios and did not

consider retirement in advance of 2025 in any of its scenarios. Then, I discuss

why the Tolk Strategist analysis does not actually provide adequate intbrmation

on whether continued operation of Tolk in seasonal mode through 2031 is the

least-cost option for ratepayers.

Please describe SPS’s Strategist analysis and how it connects with the WSP

groundwater modeling, and SPS’s water model.

SPS used the Company’s water model to develop an estimate of when aquifer

depletion would occur based on five different scenarios of plant operation. SPS

then modeled these five scenarios (Table 10) of plant operation in the Strategist

model,79 along with the costs required for each, to determine the total cost of each

79 "Strategist is a resource planning model specifically designed to determine the least-cost resource mix for
a utility system from a prescribed set of resource technologies under given sets of constraints and
assumptions." Direct Testimony of B. Weeks at 7.
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17

scenario.S° SPS presented the net present value of revenue requirements

("Npx, rRR") of each scenario, and the cost difference for each scenario relative to

the baseline of sustailfing current operations through 2025.

Table 10. Strategist scenarios modeled by SPS

Scenario I
Scenarios 2-4

Scena~o $

Full economic dispatch until the water runs out
Variations of economic dispatch in peak season and operation of one or
both units in either Synchronous Condenser mode or at minimum toad

in off-peak seasons
Full economic dispatch of one unit with retirement of the other unit

and installation of synchronous condenser
Source: D~rect Testimony orB.

Q Do the scenarios modeled capture an adequate range of operational

scenarios?

A No. All of SPS’s scenarios assume that both units stay online as generators

through at least 2025. This means there is no analysis of partial or full retirement

of the generation assets in advance of 2025 and replacement with alternatives./m

ofher words, SPS’s strategist analysis does not answer the question, "What is the

least-cost option for ratepayers going forward to provide the energy, capacity and

voltage support services that the system needs, and would otherwise get from

TolkT" Instead, SPS’s strategist analysis answers the question, %%ssuming the

Tolk units stay online as generators through at least 2025, which combination of

seasonal operation, generator retirement, and operation in synchronous condenser

mode, from among the five options we have outlined, is the lowest costT" This is

SPS modeled the following costs for each scenario: (1) ongoing capital expenditures; (2) ongoing capital
expenditures associated with additional water wells; (3) the cost associated with sylml:tronous
conderrsers; (4) fixed O&M; (5) mid costs associated with TUCO fuel handing. Direct Testimony of M.
Lytal at 76-77,
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A

Q

A

not a replacement or a retirement analysis; rather, this is a comparison of the costs

of five specific scenarios that all assume full operation through 2025.

Is it reasonable for SPS to narrow down a unit replacement or economic

analysis to that set of potential scenarios?

While it can be reasonable for a utility to conduct economic analysis based on

comparing only specific scenarios, those scenarios need to be inclusive of the full

range of reasonable results, spanning near-term retirement, through long-term

continued operation. In this case, the given scenarios were all biased towards

continue operations of Tolk, and therefore the scenarios did not encompass a full

range of outcomes. Therefore, the results are unsuitable for determining whether

seasonal operation through 2031 is the least-cost plan for ratepayers.

What are the implications for ratepayers of SPS relying on outdated

retirement analysis and incomplete Strategist modeling of seasonal

operations?

Ratepayers are being asked to pay for a resource plan that SPS has not

demonstrated is the lowest-cost option to provide the energy, capacity, and

voltage support services. Instead, SPS has calculated the net present value of

revenue requirements for a few- specific scenarios based on a set of incomplete

model inputs. This means that SPS is saddling ratepayers with the cost of

operating Tolk without adequately evaluating whether retiring the plant prior to

2025, and replacing it with lower cost resources, would be less costly, to

ratepayers.
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v. SPS should incorporate the risks and opportunities relating to water and water

shortage, among other modi[~cations, into an updated retirement analFsis

3
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5
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7

8
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Q

A

Please summarize how SPS should incorporate all of the factors outlined

above into an updated economic analysis of Tolk.

SPS should evaluate, and incorporate into an updated unit replacement and

retirement modeling of Tolk, the following items (in addition to other

modifications described in other sections of my testimony, including additional

environmental risks and costs): (1) the value of selling the water (or even water

rights) that Tolk would otherwise rely on for cooling; (2) capacity de-ratings for

Tolk based on the real and likely risk that water availability may not be able to

support future peak operations; and (3) operation of Folk in synchronous

condenser mode year-round starting when the conversion is complete.

13

14

15

16

17

18

19

Q

A

How should SPS be incorporating the opportunity cost to sell water?

SPS should add the revenue that the Company would earn from selling Tolk’s

water, or alternatively the value to the Company of using the water at Plant X as a

value stream in its economic modeling. SPS actually does currently include an

opportunity-cost adder to alter Tolk’s offer price to reduce plant dispatch and

reduce water consumption when making dispatch decisions. 81 However, this has

not been incorporated into its planning analysis.

s~ SPS Response to SC 2-5b (see Exhibit DG-2).
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Q

A

Q

A

How should the uncertainty around future water availability to support peak

operations be integrated into SPS’s modeling?

Tolk’s firm capacity should be de-rated over the years to reflect the constraints

water availability will place on Tolk’s ability to meet peak summer demand. In

the Strategist model, SPS models Tolk at full capacity (540 MW for Unit 1 and

543 MW for Unit 2) through 2031.82 This allows SPS to credit the full capacity of

Tolk towards meeting its reserve margin, and therefore avoiding new capacity. In

reality, Tolk’s capacity should be de-rated after 2019 to reflect the risk that the

Company will not be able to economically procure sufficient water to support

peak operations.

What alternatives should SPS be considering for supplying the year-round

voltage support services currently provided by Tolk?

SPS currently plans to get voltage support services from Tolk both when the plant

is operating in generation mode and as a synchronous condenser. However, SPS

does not need to operate the plant as a generator between June and September

(peak season), as currently planned, to obtain voltage support. Instead, as an

alternative, SPS should evaluate retiring the generation portions of Tolk as soon

as it installs the synchronous condenser, and operating the plant year-round in

only synchronous condenser mode. Converting the coal plant exclusively to a

synchronous condenser would allow SPS to meet its voltage support needs, while

extending the depreciation schedule for the Tolk assets required for synchronous

condenser operation.

s_~ SPS Response to SC 2-2 (see Exhibit DG-2).
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SPS SHOULD PERFORM UPDATED RETIREMENT ANALYSIS FOR TOLK AND

HARRINGTON THAT COMPREHENSIVELY EVALUATES ALTERNATIVES AS WELL AS

ENVIRONMENTAL REGULATIONS~ WITH ACCURATE UPDATED ASSUMPTIONS

Q

A

Please summarize this section.

In this section I first review the prior retirement analysis conducted for ’Folk and

Harrington and find that the most recent analysis from 2014-2015 needs to be

updated based on changes in the prices of gas and renewables, which have

dramatically shifted the electricity market. I will note that SPS was or should have

been aware of these changes ahead of the filing of this rate case. Second, I

summarize environmental regulations that could impact plant operations in the

future, yet that SPS failed to include in its modeling. I then discuss the likely

impact that each would have on plant economics. Finally, I outline my

recommendations for an updated retirement analysis for both Tolk and Harrington

that fully considers alternative resources and properly evaluates what the system

actually needs.

16

17

SPS’s most recent retirement analFsis reflects outdated assumptions and market

trends

18

19

20

21

Q When did SPS last conduct retirement analysis for its coal units?

A SPS’s last retirement analysis of Tolk and Harrington was completed in the 2014-

2015 timeframe (this analysis was conducted using the Strategist model).8~ SPS

actually concluded from this analysis that shutting down Tolk would not be

~ SPS Response to SC 1-6 (see Exhibit DG-2).
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expensive due to the presence of the production tax credits and investment tax

credits for renewables, and due to lower gas and oil prices. Additionally, the

analysis concluded that SPS should acquire additional wind resources and seek

additional solar resources in late 2016.84 It is unclear why the Company did not

act on this finding. For this current rate case, SPS conducted Strategist analysis as

well. However as discussed above, the analysis was constrained to five

operational scenarios for the Tolk Plant and did not consider retirement for Tolk

prior to 2025.

9

10

11

12

13

14

15

16

17

18

19

Q

A

Why should SPS do a full updated unit replacement analysis for Tolk and

Harrington?

There have been large shifts in electricity markets since 2014-2015. These

changes include the persistence of low natural gas prices, declining costs of

renewables and storage, and minimal growth in electricity demand. The status of

environmental regulations that could require large capital expenditures to comply

has also changed. Additionally, the new operational constraints at Tolk

significantly change the economics of operating the plant. Finally, neither Tolk

nor Harrington is locked into a long-term coal contract that would pose a

challenge to early retirement; 85 therefore there are no significant cost barriers to

retirement.

SPS Response to SC 1-6(a), Exhibit SPS-SC l-6(a) at 33 (see Exhibit DG-2).
Direct Testimony of H.C.Romer on Behalf of SPS at 20.
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1

2

Q What impacts have electricity market trends had on the operations of coal-

fired plants nationwide?

3

4

5

6

7

8

9

10

11

A In recent years, the trends around lower-cost gas and renewables, combined with

the higher cost of environmental compliance for higher-polluting coal units, have

driven the retirement of many coal units. The EIA recently reported that more

than 65,000 MW of U.S. coal capacity retired between 2007 and 2018.86

Furthermore, 2018 saw nearly 13,000 MW of U.S. coal capacity retired.87 As an

alternative to shutting down, some coal-fired plants, such as the Dolet Hill plant

in Louisiana, have switched to seasonal operation, shutting down in off-peak

seasons when demand is low and turning back on for just the peak seasons.88 This

decreases the environmental impact of running the plants while allowing the

utility to retain the peak capacity.

Exhibit DG-7, EIA, "U.S. coal consumption in 2018 expected to be the lowest in 39 years." (Dec. 28,
2018), available at: https://www.eia.gov/todayinenergy/detail.php?id-37817.

Exhibit DG-8, EIA, "More than 60% of electric generating capacity installed in 2018 was fueled by
natural gas." (Mar. 11, 2019), available at: https://www.eia.gov/todayinenergy/detail.php?id-38632;
Exhibit DG-9, Nelson, William and Sophia Lu, Half of U.S. Coal Fleet on Shaky Economic Footing.
Bloomberg New Energy Finance (Mar. 26,2018).

Exhibit DG-10, Gheorghiu, Iulia. Cleco, "SWPECO shift coal plant use, target 2.8 GW renewables in
latest resource plans." Utility Dive (Sept. 6, 2019), available at:
https://www.uti~itydive.c~m/news/clec~-swepc~-shift-c~a~-p~ant-use-target-28-gw-renewab~es-in-~atest-
reso/562213/.
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1

2

iL SPS needs to include the costs and risks ol~aii likelF environmental regulations

in its updated retirement analFsis

3

4

5

6

7

8

9

10

11

12

13

14

15

Q

A

How should SPS include the future costs and risks of environmental

regulations?

SPS should be modeling the projected impact of future environmental regulations

that are likely to impact either plant. Specifically, SPS should include sensitivities

in an updated unit replacement and retirement analysis on the risks of incurring

new expenses for environmental compliance. The cost to comply with several of

the regulations is considerable, meaning the economics would likely not support

installation of the environmental controls and continued operation of the units. As

such, SPS should evaluate resource portfolio options that can economically

replace each plant over the range of possible years, reflected the uncertainty in the

timing of when the regulations discussed below could be implemented.

Table 11 lists proposed environmental rules and their likely associated cost that

SPS should add, at a minimum, to its existing modeling.
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3

4

Table 11. Proposed and final environmental rules that could impact Toik and Harrington

Regional Haze Tolk identified as a "reasonable progress" Tollc $400-$600
source contributing to regional haze, and million,~° plus $24
required to install dry scrubbers by Feb 2021; million annual O&M
Xcel challenged that rule, and the Fifth
Circuit remanded to EPA for review in 20t7;
there has been no action since, but the plant
would be subject to review in 2021 plan.
Harrington identified as "best available Harrington: $400-500
control technology" source; no final action million, plus $21
taken yet. million annual O&M

Best Available
Retrofit
Technology
(BART)
Affordable Clean Emissions guidelines, finalized July 2019. TBD
Energy Rule

Somme: SPS response to SC 1~8 (~ee Exhibit DG-2L

Q Do any SPS company witnesses acknowledge the potential impact of future

environmental compliance costs on plant economics?

5

6

7

8

9

10

tl

12

A Yes, on Tolk specifically. SPS witness Hudson acknowledged the potential

impact on Tolk from environmental compliance costs, stating: "It should be noted

that future environmental regulations may even further reduce the life span of the

plant (Tolk).’’9° Company witness Grant also acknowledged that futnre

environmental regulation could reduce the life span of Tolk as a generating

resource, stating in a footnote (in reference to the request for a 2032 retirement

date): "It should be noted that fiWare environmea~tal regulations may even further

reduce the life span of the plant...,,9~ Ad&tionally, the risk of futua’e additional

!a~cludes additional costs for water acquisition that would need to be made to operate the dry scrubbers
appropriately, SPS Response to SC 1-8 (,~ee Exhibit DG-2).
Direct Testimony olD, Hudson on Bdmlfof SPS at 34.

9~Direct Testimony ofW. Grmat at 79.
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1

2

environmental regulations was also cited as one of the reasons SPS decided not to

pursue the hybrid cooling towers at Tolk.92

3

4

5

6

7

8

9

10

Q

A

Why has SPS not included the cost of those proposed or other likely future

environmental regulations in its most recent Tolk Strategist modeling?

Despite several SPS Company witnesses openly acknowledging the likelihood of

future additional environmental compliance costs, the Company defends its

position not to include these potential costs by stating that "SPS does not evaluate

the effect of ’possible environmental regulations’ (i.e. neither the subject or a

proposed or final rulemaking) because they are speculative and may never be

adopted, or they may be adopted in some different form than the proposal.’’93

11

12

13

14

15

16

17

18

Q

A

What regulations should SPS include in its retirement analysis for Tolk?

At Tolk, SPS should be modeling the cost to ratepayers of keeping Tolk if EPA

moves forward on the "reasonable progress" requirements of the Regional Haze

Rule, which could require the installation of ion dry scrubbers at a cost of $400-

$600 million with annual O&M of $24 million.94 It is worth noting that,

regardless of the status of EPA’s current regional haze rulemaking, Tolk would be

subject to review and further control analyses in 2021, during the second planning

period under the Regional Haze Rule.95

92 ld. at 83.
9; SPS Response to SC 1-8 (see Exhibit DG-2).

94 ld.
95 See40 C.F.R. §§ 51.308(d), (f).
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!

2

3

4

5

6

7

8

9

10

11

12

13

14

Q

A

What regulations should SPS include in its retirement analysis for

Harrington?

At Harrington, SPS should be modeling the costs of installing additional sulfur

dioxide (SO2) controls, which SPS indicated may be required to comply with the

National Ambient Air Quality Standards ("NAAQS"). 96 EPA’s ruling on a final

designation is expected by December of 2020 (once monitoring is finalized).9: In

2017, EPA also proposed to require the installation of scrubbers at two of the

Harrington units under the "best available retrofit technology" provisions of the

regional haze rule.98 Harrington’s environmental compliance risk under the

regional haze rule is still unresolved. As with Tolk, Harrington would also be

subject to review and further control analyses in 2021, during the second planning

period under the Regional Haze Rule.99 The Company admitted that it has not

evaluated the impacts that these potential investments will have on the economic

operation of the Harrington units. 100

15

16

17

18

19

20

Q

A

How does SPS’s omission of potential environmental regulations impact the

Strategist modeling results?

Omission of these costs understate the ongoing costs to operate the coal plant, and

therefore makes the coal plants appear more economic than they are likely to be in

reality. This also prevents SPS from adequately evaluating and planning for

alternatives to provide the energy, capacity, and other services that the Company

SPS Response to SC 1-g (see Exhibit DG-2).
ld.

82 Fed. Reg. 912, 949 (Jan. 4, 2017).
See 40 C.F.R. §§ 51.308(d), (t).

~00 SPS Response to SC 1-8 (see Exhibit DG-2).

62

Exhibit DG-3



New Mexico Public Regulation Commission
Case No. 19-00170-UT

Direct Testimony of Devi Glick

1

2

3

4

5

would need to replace either unit. If the EPA moves on the Regional Haze Rule or

NAAQS SO2 compliance, and Tolk or Harrington are required to install new

environmental controls, the costs of compliance could easily exceed the economic

value to ratepayers of continuing to operate the plants. These risks are real and

should be factored into the utility’s forward-looking decision-making.

iii. SPS should perform this updated retirement anal~:sis as part of its next IRP

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Q

A

How should SPS be evaluating the energy, capacity, and other services that it

actually needs in a retirement analysis?

In its future retirement analysis, SPS should focus on evaluating what the system

actually needs in terms of energy, capacity, and other grid services, once one or

both of the plants (or certain of their units) are retired. This is different than how

utilities, including SPS, have traditionally approached retirement and replacement

analysis by focusing on a replacement resource, or combination of resources, that

provides the services that the retiring resource provides. This is critically

inefficient because it presumes that the retiring unit was supplying exactly what

the system needed, and this is almost never true. While the system needs may be

aligned with or similar to the characteristics of the retiring unit, this approach

biases resource planning in favor of resources that look like the resource that was

retired, and that means fossil generators instead of alternative portfolios that

include renewables, battery storage, and demand-side management.

22

23

24

Q

A

What do we know about SPS’s current capacity need?

SPS’s demand forecasts dropped each year between 20!4 and 2018, before

increasing again in 2019 (Figure 7 and Table 12). This means that when SPS

completed its retirement analysis back in 2015, the Company assumed a
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!

2

3

4

5

6

8

9

10

11

significantly higher level of demand than we know has actually materialized. In a

high demand future, Tolk and Hamngton would be assigned a high capaci~~

value, and therefore the model would be less likely to retire the resources. With

the Company’s most recent Yolk Strategist analysis, it relied on its 2019 demand

forecast, which projected a much higher level of demand than jttst a year prior in

the 2018 IRE This projected upturn in demand is driven by the Eddy Coux~ty and

Lea County Permian Basin oil and natural gas customer segments,TM an industry

where short-term growth often does not translate into sustained long-term

demand. Once again, to fill perceived need of this new industry., the Strategist

model would be likely to keep Tolk o~dine as a generator, based on the avoided

cost of building new capacity.

12

13
14

Table 12. Peak demand growth rates from SPS’s load forecasts (2019-2038)

I
egist analysis ¯ . ..............

~ 2018 IRP 0.0%
2014120 ! 5 Strategist retirement analysis             1,75%

Source." SPS R~ponse to SC 1-12; ICbr~aper SO - _SPS_SCENARlO2_REDUXOPS_20=? t.xlszr ";
SPS R~sponse to SC 1~6, Attachment SO - 05 RET EOY 21 23 (s~.~ Exhlbit DG-2Z

Direct Testimony of D, Hudson at 19.
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Figure 7. SPS’s peak demand forecasts 12019-2038)

2
3
4

Source." SPS Response to SC 1-12. ~Vorkpaper SO -
SPSSCENARI02 REDUXOPS 2031.xlsx"; SPS Response to SC 1-6, Attachment SO

05 RETEOY21 23 (see Exhibit DG-2).

5

6

Q What do we know about what SPS likely needs for energy, capacity, and

voltage support services if Tolk retires?

7

8

9

10

11

12

13

14

15

A If Tolk retires and SPS has a capacity shortfall, the need should roughly align

with the summer peak capacity that Tolk was going to provide operating in

seasonal mode. This makes solar particularly well suited as a replacement option

due to the alignment between the timing of system peak and solar generation in

the region during summer months. If Tolk’s retirement creates an energy need

that cannot be met by solar, existing resources on the grid that could likely ramp

up to provide the energy. SPS should not need any additional voltage support

services when Tolk retires the plant’s generation assets, assuming the proposed

synchronous condenser is installed.
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1

2

3

4

5

6

7

8

9

10

11

12

13

Q

A

What alternatives should SPS be considering in its retirement analysis for

Harrington?

SPS should evaluate alternative resource options, including wind, solar, and

battery storage, in addition to market purchases to replace Harrington.

Additionally, the Company should be considering alternative operational options,

such as seasonal operation for some or all the units. Seasonal operations would

allow the Company to retain the capacity from the units but decrease the plants

operational costs by generating electricity only during summer peak months when

LMPs are highest. This would also decrease the environmental impact of the units

by decreasing the amount of coal burned, which could have implications for

compliance with the environmental regulations discussed above. This approach to

switch to seasonal operation has been adopted by several plants, including Dolet

Hills. 102

14

15

16

17

18

19

20

Q

A

What do we know about the cost competitiveness of the renewables

mentioned above in the region?

Other utilities in the region are actively procuring renewables. Public Service

Company of New Mexico ("PNM") recently issued an all-source request for

proposals ("RFP") in which the Company will seek to assess and integrate all

bids, including packaged renewable energy, storage, demand-side resources, and

distributed energy solutions.

Exhibit DG-11, Daniel, Joseph. "Seasonal Shutdowns: How Coal Plants that Operate Less Can Save
Customers Money." Union of Concerned Scientists (Dec. 20, 2018), available at:
https://bl~g.ucsusa.~rg/j~seph-danie~/seas~na~-shutd~wns-h~w-~~a~-p~ants-that-~perate-~ess-~an-save-
customers-money.
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1

2

3

4

5

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Q

A

Similarly, SPS’s sister company, Xcel Energy Colorado, recently conducted an

all-source RFP and received over 400 bids, most of which were for renewable

resources, with the median bid tbr stand-alone wind energy resources at

$18.10/MWh. Adding battery storage to wind energy resulted in median bids of

$21/MWh. Moreover, Xcel Energy Colorado received 152 bids for solar projects

comprising more than 13 GW of capacity, with the median bid at $29.50/MWh.

Coupling solar with battery storage resulted in bids for $36/MWh. SPS should

conduct a similar RFP process, and incorporate those cost assumptions into a

revised retirement and replacement analysis.

Please summarize your recommendations to the Commission with regards to

updated retirement analysis for both Tolk and Harrington.

The Commission should require that SPS conduct an updated and more

comprehensive retirement analysis for both Tolk and Harrington as part of the

next IRP. This analysis should include updated peak demand and load forecasts,

alternative resource costs based on an RFP process similar to the ones outlined

above, and alternative operational options, specifically seasonal operation for

Harrington. Further, it should incorporate sensitivities around the cost of all likely

future additional environmental regulations, as discussed above. Additionally, the

retirement analysis for Tolk should include scenarios that incorporate capacity de-

rating based on future water availability constraints, and the potential revenue

from selling the water to other parties.

~0.~ Xcel Energy, 2016 Electric Resource Plan, 2017 All Source Solicitation 30-Day Report (Public:

Version), California Public Utility Commission, Proceeding No. 16A-0396E (Dec. 28, 2017).
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1 Q Does this conclude your testimony?

2 A Yes.
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249 MW Palo Duro Wind 

Exhibit DG-4



 

199 MW Mammoth Plains Wind 

96 MW Import from Elk City 2 Wind 
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Figure 4F.4: Energy Sales History and Forecast, Retail and Wholesale 
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Typical Historic Day Load Patterns 
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General Service Rates 

TOU Rates
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Extension of Federal Tax Credits 
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Transmission Network Upgrade Costs and Schedule Uncertainty 
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Emerging and Future Technologies 
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$200/kW Transmission Network Upgrades Costs
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$600/kW Transmission Network Upgrade Costs 
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Order Approving Recommended Decision and Adopting Standardized Carbon Emission 

Costs for Integrated Resource Plans

$8 per metric ton 
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Particulate Matter, Nitrogen Oxides, Sulfur Dioxide, and Mercury Emissions
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National Ambient Air Quality Standards 
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Interstate Transport of Air Pollution 
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Visibility Impairment in National Parks and Wilderness Areas (Regional Haze) 
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Mercury and Air Toxics Rule 
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Water Quality Regulation

Cooling Water Intake Structures 

Hazardous and Solid Waste Management System; Disposal of Coal Combustion Residuals from Electric 
Utilities
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Thermal Discharge 

Effluent Limitation Guidelines
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Purpose of Cost Algorithms for the IPM Model 
The primary purpose of the cost algorithms is to provide generic order-of-magnitude 
costs for various air quality control technologies that can be applied to the electric power 
generating industry on a system-wide basis, not on an individual unit basis.  Cost 
algorithms developed for the IPM model are based primarily on a statistical evaluation of 
cost data available from various industry publications as well as Sargent & Lundy’s 
proprietary database and do not take into consideration site-specific cost issues.  By 
necessity, the cost algorithms were designed to require minimal site-specific information 
and were based only on a limited number of inputs such as unit size, gross heat rate, 
baseline emissions, removal efficiency, fuel type, and a subjective retrofit factor. 
 
The outputs from these equations represent the “average” costs associated with the 
“average” project scope for the subset of data utilized in preparing the equations.  The 
IPM cost equations do not account for site-specific factors that can significantly impact 
costs, such as flue gas volume, temperature, and do not address regional labor 
productivity, local workforce characteristics, local unemployment and labor availability, 
project complexity, local climate, and working conditions.  In addition, the indirect 
capital costs included in the IPM cost equations do not account for all project-related 
indirect costs a facility would incur to install a retrofit control such as project 
contingency. 
 
Establishment of the Cost Basis 
The 2004 to 2006 industry cost estimates for SCR units from the “Analysis of MOG and 
Ladco's FGD and SCR Capacity and Cost Assumptions in the Evaluation of Proposed 
EGU 1 and EGU 2 Emission Controls” prepared for Midwest Ozone Group (MOG) were 
used by Sargent & Lundy LLC (S&L) to develop the SCR cost model.  In addition, S&L 
included data from “Current Capital Cost and Cost-effectiveness of Power Plant 
Emissions Control Technologies” prepared by J. E. Cichanowicz for the Utility Air 
Regulatory Group (UARG) in 2010, and 2013.  The published data were significantly 
augmented by the S&L in-house database of recent SCR projects.  The current industry 
trend is to retrofit high-dust hot-side SCRs.  The cold-side tail-end SCRs encompass a 
small minority of units and as such were not considered in this evaluation. 
 
The data was converted to 2016 dollars based on the Chemical Engineering Plant Index 
(CEPI) data.  Additional proprietary S&L in-house data from 2012 to 2016 were included 
to confirm the index validity.  Finally, the cost estimation tool was benchmarked against 
recent SCR projects to confirm the applicability to the current market conditions.  
 
The available data was analyzed in detail regarding project specifics such as coal type, 
NOx reduction efficiency, and air pre-heater requirements.  The data was refined by 
fitting each data set with a least-squares curve to obtain an average $/kW project cost as a 
function of unit size.  The data set was then collectively used to generate an average 
least-squares curve fit.  Based on the recently acquired data, it appears the overall capital 
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cost has increased by approximately 15% over the costs published in 2013.  Analysis of 
the data indicates that these units had a high degree of retrofit difficulty, high elevation, 
or low quality fuel. 
 
The costs for retrofitting a plant smaller than 100 MW increase rapidly due to the 
economy of size.  S&L is not aware of any SCR installations in recent years for smaller 
than 100-MW units.  In light of the recent retirement of smaller than 200-MW size units, 
the evaluation of SCR technology may not be necessary.  The older units, which 
comprise a large proportion of the plants in this range, generally have more compact sites 
with very short flue gas ducts running from the boiler house to the chimney.  Because of 
the limited space, the SCR reactor and new duct work can be expensive to design and 
install.  Additionally, the plants might not have enough margins in the fans to overcome 
the pressure drop due to the duct work configuration and SCR reactor, and therefore new 
fans may be required. 
 
A combined SCR for small units is not a feasible option.  The flue gas from the boiler is 
treated after the economizer in the SCR before entering the air heater.  Thus, SCR is an 
integral part of the heat recovery cycle of an individual boiler.  Each boiler has to be 
retrofitted with its own SCR reactor.  Minor savings can be achieved by utilizing a 
common reagent storage and preparation system. 
 
The least-squares curve fit was based upon an average of the SCR retrofit projects in 
recent years.  Retrofit difficulties associated with an SCR may result in significant capital 
cost increases.  A typical SCR retrofit was based on: 
 

• Retrofit Difficulty = 1 (Average retrofit difficulty); 
• Gross Heat Rate = 9500 Btu/kWh; 
• SO2 Rate = < 3.0 lb/MMBtu; 
• Type of Coal = Bituminous; and 
• Project Execution = Multiple lump-sum contracts. 

 
Methodology 
Inputs 
To predict SCR retrofit costs several input variables are required.  The unit size in MW is 
the major variable for the capital cost estimation followed by the type of fuel 
(Bituminous, PRB, or Lignite), which will influence the flue gas quantities as a result of 
the different typical heating values.  The fuel type also affects the air pre-heater costs if 
ammonium bisulfate or sulfuric acid deposition poses a problem.  The unit heat rate 
factors into the amount of flue gas generated and ultimately the size of the SCR reactor 
and reagent preparation.  A retrofit factor that equates to the difficulty of constructing the 
system must be defined.  The NOx rate and removal efficiency will impact the amount of 
catalyst required and size of the reagent handling equipment. 
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The cost methodology is based on a unit located within 500 feet of sea level.  The actual 
elevation of the site should be considered separately and factored into the cost due to the 
effects on the flue gas volume.  The base SCR and balance of plant costs are directly 
impacted by the site elevation.  These two base cost modules should be increased based 
on the ratio of the atmospheric pressure at sea level and that at the unit location.  As an 
example, a unit located 1 mile above sea level would have an approximate atmospheric 
pressure of 12.2 psia.  Therefore, the base SCR and balance of plant costs should be 
increased by: 
 

14.7 psia/12.2 psia = 1.2 multiplier to the base SCR and balance of plant costs 
 
The NOx removal efficiency specifically affects the SCR catalyst, reagent and steam 
costs.  The lower level of NOx removal is recommended as: 
 

• 0.07 NOx lb/MMBtu – Bituminous; 
• 0.05 NOx lb/MMBtu – PRB; and 
• 0.05 NOx lb/MMBtu – Lignite. 

 
Outputs 
Total Project Costs (TPC) 

First, the installed costs are calculated for each required base module.  The base module 
installed costs include: 
 

• All equipment; 
• Installation; 
• Buildings; 
• Foundations; 
• Electrical; and 
• Average retrofit difficulty. 

 
The base modules are: 
 
BMR =  Base SCR cost 
BMF =  Base reagent preparation cost 
BMA =  Base air pre-heater cost 

BMB =  Base balance of plant costs including:  ID or booster fans, ductwork 
reinforcement, piping, etc… 

BM   =  BMR + BMF + BMA + BMB 
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The total base module installed cost (BM) is then increased by: 
 

• Engineering and construction management costs at 10% of the BM cost; 
• Labor adjustment for 6 x 10-hour shift premium, per diem, etc., at 10% of the 

BM cost; and 
• Contractor profit and fees at 10% of the BM cost. 

 
A capital, engineering, and construction cost subtotal (CECC) is established as the sum of 
the BM and the additional engineering and construction fees. 
 
Additional costs and financing expenditures for the project are computed based on the 
CECC.  Financing and additional project costs include: 
 

• Owner's home office costs (owner's engineering, management, and 
procurement) at 5% of the CECC; and 

• Allowance for Funds Used During Construction (AFUDC) at 6% of the 
CECC and owner's costs.  The AFUDC is based on a two-year engineering 
and construction cycle. 

 
The total project cost is based on a multiple lump-sum contract approach.  Should a 
turnkey engineering procurement construction (EPC) contract be executed, the total 
project cost could be 10 to 15% higher than what is currently estimated. 
 
Escalation is not included in the estimate.  The total project cost (TPC) is the sum of the 
CECC and the additional costs and financing expenditures. 
 
Fixed O&M (FOM) 

The fixed operating and maintenance (O&M) cost is a function of the additional 
operations staff (FOMO), maintenance labor and materials (FOMM), and administrative 
labor (FOMA) associated with the SCR installation.  The FOM is the sum of the FOMO, 
FOMM, and FOMA. 
 
The following factors and assumptions underlie calculations of the FOM: 
 

• All of the FOM costs are tabulated on a per-kilowatt-year (kW-yr) basis. 
• In general, half of an operator’s time is required to monitor a retrofit SCR.  

The FOMO is based on that half-time requirement for the operations staff. 
• The fixed maintenance materials and labor are a direct function of the process 

capital cost at 0.5% of the BM for units less than 300 MW and 0.3% of the 
BM for units greater than or equal to 300 MW. 

• The administrative labor is a function of the FOMO and FOMM at 3% of the 
sum of (FOMO + 0.4 FOMM). 
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Variable O&M (VOM) 

Variable O&M is a function of: 
 

• Reagent use and unit costs; 
• Catalyst replacement and disposal costs; 
• Additional power required and unit power cost; and 
• Steam required and unit steam cost. 

 
The following factors and assumptions underlie calculations of the VOM: 
 

• All of the VOM costs are tabulated on a per-megawatt-hour (MWh) basis. 
• The reagent consumption rate is a function of unit size, NOx feed rate, and 

removal efficiency. 
• The catalyst replacement and disposal costs are based on the NOx removal and 

total volume of catalyst required. 
• The additional power required includes increased fan power to account for the 

added pressure drop and the power required for the reagent supply system.  
These requirements are a function of gross unit size and actual gas flow rate. 

• The additional power is reported as a percent of the total unit gross 
production.  In addition, a cost associated with the additional power 
requirements can be included in the total variable costs. 

• The steam usage is based upon reagent consumption rate.  
 
Input options are provided for the user to adjust the variable O&M costs per unit.  
Average default values are included in the base estimate.  The variable O&M costs per 
unit options are: 
 

• Urea cost in $/ton. Due to escalation, urea cost was updated to reflect average 
2016 pricing.  The urea solution cost includes the cost of a 50% urea solution 
prepared at the manufacturing site with additives suitable for avoiding 
corrosion in the injectors and transportation cost.  The solution cost is 
significantly higher than that of solid urea.  If solid urea is purchased, it would 
require additional storage, solutionizing equipment, and additional deionized 
water processing capability at the plant site. 

• Catalyst costs that include removal and disposal of existing catalyst and 
installation of new catalyst in $/cubic meter.  No escalation has been observed 
for catalyst removal and disposal cost since 2013. 

• Auxiliary power cost in $/kWh.  No noticeable escalation has been observed 
for auxiliary power cost since 2013. 

• Steam cost in $/1000 lb. 
• Operating labor rate (including all benefits) in $/hr. 
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The variables that contribute to the overall VOM are: 
 

VOMR  = Variable O&M costs for urea reagent 
VOMW = Variable O&M costs for catalyst replacement & disposal 
VOMP = Variable O&M costs for additional auxiliary power 
VOMM  = Variable O&M costs for steam 

 
The total VOM is the sum of VOMR, VOMW, VOMP, and VOMM.  Table 1 shows a 
complete capital and O&M cost estimate worksheet.
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Table 1.  Example of a Complete Cost Estimate for an SCR System 
Variable Designation Units Value Calculation
Unit Size A (MW) 500 <--- User Input
Retrofit Factor B 1 <--- User Input (An "average" retrofit has a factor = 1.0)
Heat Rate C (Btu/kWh) 9500 <--- User Input
NOx Rate D (lb/MMBtu) 0.3 <--- User Input
SO2 Rate E (lb/MMBtu) 3 <--- User Input

Type of Coal F 3 <--- User Input
Coal Factor G 1 Bit=1.0, PRB=1.05, Lig=1.07
Heat Rate Factor H 0.95 C/10000
Heat Input I (Btu/hr) 4.75E+09 A*C*1000
NOx Removal Efficiency K (%) 75 <--- User Input
NOx Removal Factor L 0.9375 K/80
NOx Removed M (lb/hr) 1069 D*I/10^6*K/100
Urea Rate (100%) N (lb/hr) 747 M*0.525*60/46*1.01/0.99
Steam Required O (lb/hr) 845 N*1.13

P (%) 0.55 0.56*(G*H)^0.43

Urea Cost (50% wt solution) R ($/ton) 350 <--- User Input
Catalyst Cost S ($/m3) 8000 <--- User Input (Includes removal and disposal of existing catalyst and installation of new catalyst)
Aux Power Cost T ($/kWh) 0.06 <--- User Input
Steam Cost U ($/klb) 4 <--- User Input
Operating Labor Rate V ($/hr) 60 <--- User Input (Labor cost including all benefits)

Capital Cost Calculation Example Comments
Includes - Equipment, installation, buildings, foundations, electrical, and retrofit difficulty.

BMR ($) = 310000*(B)*(L)^0.2*(A*G*H)^0.92 88,780,000$            SCR (ductwork modifications and strengthening, reactor, bypass) island 
cost

BMF ($) = 564000*(M)^0.25 3,225,000$             Base reagent preparation cost
BMA ($) = IF E ≥ 3 AND F=Bituminous, THEN 69000*(B)*(A*G*H)^0.78, ELSE 0 8,446,000$             Air heater modification / SO3 control (Bituminous only & > 3lb/MMBtu)
BMB ($) = 529000*(B)*(A*G*H)^0.42 7,042,000$             ID or booster fans & auxiliary power modification costs
BM ($) = BMR + BMF + BMA + BMB 107,493,000$          Total bare module cost including retrofit factor
BM ($/KW) = 215 Base cost per kW

Total Project Cost
A1 = 10% of BM 10,749,000$            Engineering and Construction Management costs
A2 = 10% of BM 10,749,000$            Labor adjustment for 6 x 10 hour shift premium, per diem, etc…
A3 = 10% of BM 10,749,000$            Contractor profit and fees

CECC ($) = BM+A1+A2+A3 139,740,000$          Capital, engineering and construction cost subtotal
CECC ($/kW) = 279 Capital, engineering and construction cost subtotal per kW

B1 = 5% of CECC 6,987,000$             Owners costs including all "home office" costs (owners engineering, 
management, and procurement activities)

TPC' ($) - Includes Owner's Costs = CECC + B1 146,727,000$          Total project cost without AFUDC
TPC' ($/kW) - Includes Owner's Costs = 293 Total project cost per kW without AFUDC

B2 = 6% of (CECC + B1) 8,804,000$             AFUDC (Based on a 2 year engineering and construction cycle)

TPC ($) = CECC + B1 + B2 155,531,000$          Total project cost
TPC ($/kW) = 311 Total project cost per kW

Costs are all based on 2016 dollars

Aux Power
Include in VOM?

 

Exhibit DG-5



 

 

 
IPM Model – Updates to Cost and Performance for APC Technologies Project No. 13527-001 

January, 2017   

SCR Cost Development Methodology  

8 

Table 1 Continued 
Variable Designation Units Value Calculation
Unit Size A (MW) 500 <--- User Input
Retrofit Factor B 1 <--- User Input (An "average" retrofit has a factor = 1.0)
Heat Rate C (Btu/kWh) 9500 <--- User Input
NOx Rate D (lb/MMBtu) 0.3 <--- User Input
SO2 Rate E (lb/MMBtu) 3 <--- User Input

Type of Coal F 3 <--- User Input
Coal Factor G 1 Bit=1.0, PRB=1.05, Lig=1.07
Heat Rate Factor H 0.95 C/10000
Heat Input I (Btu/hr) 4.75E+09 A*C*1000
NOx Removal Efficiency K (%) 75 <--- User Input
NOx Removal Factor L 0.9375 K/80
NOx Removed M (lb/hr) 1069 D*I/10^6*K/100
Urea Rate (100%) N (lb/hr) 747 M*0.525*60/46*1.01/0.99
Steam Required O (lb/hr) 845 N*1.13

P (%) 0.55 0.56*(G*H)^0.43

Urea Cost (50% wt solution) R ($/ton) 350 <--- User Input
Catalyst Cost S ($/m3) 8000 <--- User Input (Includes removal and disposal of existing catalyst and installation of new catalyst)
Aux Power Cost T ($/kWh) 0.06 <--- User Input
Steam Cost U ($/klb) 4 <--- User Input
Operating Labor Rate V ($/hr) 60 <--- User Input (Labor cost including all benefits)

Fixed O&M Cost
FOMO ($/kW yr) = (1/2 operator time assumed)*2080*V/(A*1000) 0.13$                      Fixed O&M additional operating labor costs
FOMM ($/kW yr) = (IF A < 300 then 0.005*BM ELSE 0.003*BM)/(B*A*1000) 0.64$                      Fixed O&M additional maintenance material and labor costs
FOMA ($/kW yr) = 0.03*(FOMO+0.4*FOMM) 0.01$                      Fixed O&M additional administrative labor costs

FOM ($/kW yr) = FOMO + FOMM + FOMA 0.78$                      Total Fixed O&M costs

Variable O&M Cost
VOMR ($/MWh) = N*R/(A*1000) 0.52$                      Variable O&M costs for Urea
VOMW ($/MWh) = (0.4*(G^2.9)*(L^0.71)*S)/(8760) 0.35$                      Variable O&M costs for catalyst: replacement & disposal

VOMP ($/MWh) =P*T*10 0.33$                      Variable O&M costs for additional auxiliary power required including 
additional fan power

VOMM ($/MWh) = O*U/A/1000 0.01$                      Variable O&M costs for steam

VOM ($/MWh) = VOMR + VOMW + VOMP + VOMM 1.20$                      

Costs are all based on 2016 dollars

Aux Power
Include in VOM?
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Purpose of Cost Algorithms for the IPM Model 
The primary purpose of the cost algorithms is to provide generic order-of-magnitude 
costs for various air quality control technologies that can be applied to the electric power 
generating industry on a system-wide basis, not on an individual unit basis.  Cost 
algorithms developed for the IPM model are based primarily on a statistical evaluation of 
cost data available from various industry publications as well as Sargent & Lundy’s 
proprietary database and do not take into consideration site-specific cost issues.  By 
necessity, the cost algorithms were designed to require minimal site-specific information 
and were based only on a limited number of inputs such as unit size, gross heat rate, 
baseline emissions, removal efficiency, fuel type, and a subjective retrofit factor. 

The outputs from these equations represent the “average” costs associated with the 
“average” project scope for the subset of data utilized in preparing the equations.  The 
IPM cost equations do not account for site-specific factors that can significantly impact 
costs, such as flue gas volume or temperature, and do not address regional labor 
productivity, local workforce characteristics, local unemployment and labor availability, 
project complexity, local climate, and working conditions.  In addition, the indirect 
capital costs included in the IPM cost equations do not account for all project-related 
indirect costs a facility would incur to install a retrofit control such as a project 
contingency. 

Establishment of the Cost Basis 
The formulation of the SNCR cost estimating model is based upon a proprietary Sargent 
& Lundy LLC (S&L) in-house data base of recent (2009 to 2016) quotes for both lump-
sum contracts and Engineering, Procurement and Construction (EPC) contracts.  The 
S&L data were analyzed in detail regarding project specifics such as coal type, boiler 
type, and NOx reduction efficiency.  The S&L in-house data includes projects that 
involved cyclone boilers and T-fired and wall-fired systems with multiple levels of 
injection.  The cyclone boiler costs include rich reagent injection (RRI).  The data was 
the basis for the cost estimate algorithms developed.  

The S&L data were fitted with a least-squares curve to establish the trend in $/kW as a 
function of gross MW.  The SNCR cost model parameters were adjusted to account for 
market changes and escalation, and then the model output was compared to the S&L data.  
The model output followed a $/kW correlation very similar to the S&L in-house data, 
once the adjustments were made to the model.  

The rapid rise in project costs at the lower end of the MW range is due primarily to 
economies of scale.  Additionally, older power plants in the 50-MW range tend to have 
plant sites that are more compact, and therefore it is difficult to accommodate the reagent 
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storage areas and piping, injection mixing/dilution equipment, and construction activities.  
The smaller power plants also tend to have older control systems that may require 
upgrades to accommodate the new SNCR control system.  S&L is not aware of any 
SNCR installations in recent years for smaller than 100-MW utility units.  In light of 
recent retirement of smaller than 200-W size units, the evaluation of SNCR technology 
may not be necessary.  There are not many utilities that we are aware of operating smaller 
than 25-MW units.  Most of these units are operated by universities, hospitals, or 
industries that need heat and power.  Industrial MACT has basically covered most of 
these units, and they are required to add pollution controls.  In particular, a number of 
cement kilns have added SNCR systems for NOx control.  The algorithm prepared in the 
study should not be used to estimate the SNCR system costs of smaller than 50-MW 
electric generating units or boilers. 
 
A combined SNCR for small units is not a feasible option.  The urea solution injection 
takes place in the boiler.  Each boiler has to be retrofitted with multiple levels of injectors 
to achieve maximum NOX removal.  Minor amount of saving can be achieved by utilizing 
a common reagent storage and preparation system. 
 
The SNCR efficiency is significantly lower for large boilers compared to small boilers 
primarily due to the large penetration required for urea droplets to cover the flue gas.  For 
units greater than 500 MW that achieve 0.15 lb/MBtu NOX, only 15 to 20% NOX 
reduction may be achievable. 
 
The SNCRs for Fluidized-Bed Combustors (FBC) are more effective than PC boilers 
primarily due to long residence time in the boiler in a desired temperature zone.  The 
SNCRs on FBC boilers have shown to achieve up to 50% efficiency with target floor 
emission as low as 0.08 lb/MBtu. 
 
The S&L data includes SNCR projects with various types of boilers, coals, sulfur levels, 
and retrofit complexities.  The typical SNCR retrofit was based on: 
 

• Retrofit Difficulty = 1 (Average retrofit difficulty); 
• Gross Heat Rate = 9800 Btu/kWh; 
• SO2 Rate = < 3 lb/MMBtu; 
• Type of Coal = PRB; and 
• Project Execution = Multiple lump-sum contracts. 
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Methodology 
Inputs 
To predict future retrofit costs several input variables are required.  The unit size in MW 
and NOx levels are the major variables for the capital cost estimation followed by the 
type of fuel.  The fuel type affects the air pre-heater costs if sulfuric acid or ammonium 
bisulfate deposition poses a problem.  In general, if the level of SO2 is above 3 
lb/MMBtu, it is assumed that air heater modifications will be required.  The unit heat rate 
factors into the amount of NOx generated and ultimately the size of the SNCR reagent 
preparation system.  A retrofit factor that equates to the difficulty of constructing the 
system must be defined.  The NOx rate and removal efficiency will impact the amount of 
urea required and the size of the reagent handling equipment.  Finally, the boiler type will 
influence the capital costs of the SNCR system and the balance of plant considerations. 
 
The cost methodology is based on a unit located within 500 feet of sea level.  The actual 
elevation of the site should be considered separately and factored into the cost due to the 
effects on the flue gas volume.  The base SNCR costs are directly impacted by the site 
elevation.  This base cost module should be increased based on the ratio of the 
atmospheric pressure at sea level and that at the unit location.  As an example, a unit 
located 1 mile above sea level would have an approximate atmospheric pressure of 
12.2 psia.  Therefore, the base SNCR cost should be increased by: 
 

14.7 psia/12.2 psia = 1.2 multiplier to the base SNCR cost 
 
Outputs 
Total Project Costs (TPC) 

First, the installed costs are calculated for each required base module.  The base module 
installed costs include: 
 

• All equipment; 
• Installation; 
• Buildings; 
• Foundations; 
• Electrical;  
• Water treatment for the dilution water; and 
• Retrofit difficulty. 
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The base modules are: 
 

BMS =  Base SNCR system 
BMA =  Base air heater modifications, as required 

BMB =  Base balance of plant costs including:  piping, site upgrades, water 
treatment for the dilution water, etc... 

BM   =  BMS + BMA + BMB 
 
The total base module installed cost (BM) is then increased by: 
 

• Engineering and construction management costs at 10% of the BM cost; 
• Labor adjustment for 6 x 10-hour shift premium, per diem, etc., at 10% of the 

BM cost; and 
• Contractor profit and fees at 10% of the BM cost. 

 
A capital, engineering, and construction cost subtotal (CECC) is established as the sum of 
the BM and the additional engineering and construction fees. 
 
Additional costs and financing expenditures for the project are computed based on the 
CECC.  Financing and additional project costs include: 
 

• Owner’s home office costs (owner’s engineering, management, and 
procurement) at 5% of the CECC; and 

• Allowance for Funds Used During Construction (AFUDC) at 0% of the 
CECC and owner’s costs as these projects are expected to be completed in 
less than a year after the equipment is released for the fabrication. 

 
The total project cost is based on a multiple lump-sum contract approach.  Should a 
turnkey engineering procurement construction (EPC) contract be executed, the total 
project cost could be 10 to 15% higher than what is currently estimated. 
 
Escalation is not included in the estimate.  The total project cost (TPC) is the sum of the 
CECC and the additional costs and financing expenditures.   
 
Based on in-house projects since 2012, no changes in the capital cost have been observed. 
The capital cost algorithm developed for 2012 is, therefore, still valid for 2016. 
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Fixed O&M (FOM) 

The fixed operating and maintenance (O&M) cost is a function of the additional 
operations staff (FOMO), maintenance labor and materials (FOMM), and administrative 
labor (FOMA) associated with the SNCR installation.  The FOM is the sum of the 
FOMO, FOMM, and FOMA. 
 
The following factors and assumptions underlie calculations of the FOM: 
 

• All of the FOM costs are tabulated on a per-kilowatt-year (kW yr) basis. 
• In general, no additional operators are required for a new SNCR system. 
• The fixed maintenance materials and labor are a direct function of the process 

capital cost at 1.2% of the BM. 
• The administrative labor is a function of the FOMO and FOMM at 3% of the 

sum of (FOMO + 0.4 FOMM). 
 
Variable O&M (VOM) 

Variable O&M is a function of: 
 

• Reagent use and unit costs; 
• Dilution water required and unit water cost; 
• Additional power required and unit power cost; and 
• Boiler efficiency reduction due to the added water in the boiler and unit 

replacement coal cost. 
 
The following factors and assumptions underlie calculations of the VOM: 
 

• All of the VOM costs were tabulated on a per-megawatt-hour (MWh) basis. 
• The reagent usage is a function of the amount of NOx removed, NOx inlet rate, 

and boiler type.  A utilization factor (UF) of 15% is used for units with an 
inlet NOx of 0.3 lb/MMBtu or lower and 25% for units with an inlet NOx 
greater than 0.3 lb/MMBtu.  For CFB boilers a utilization factor of 25% is 
used. 

• The dilution water usage is based on creating a 5% dilute reagent stream for 
injection into the boiler. 

• The additional power required includes compressed air or blower 
requirements for the urea injection system and the reagent supply system. 

• The additional power is reported as a percentage of the total unit gross 
production.  In addition, a cost associated with the additional power 
requirements can be included in the total variable costs. 
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• Impacts on the unit heat rate due to injection of liquid water into the boiler are 
accounted for by additional coal costs to provide added boiler heat input and 
can be included in the total variable costs. 

 
Input options are provided for the user to adjust the variable O&M costs per unit.  
Average default values are included in the base estimate.  The variable O&M costs per 
unit options are: 
 

• Urea cost for a 50% by weight solution in $/ton; due to escalation, this cost 
was updated to reflect average 2016 pricing.  The urea solution cost includes 
the cost of a 50% urea solution prepared at the manufacturing site with 
additives suitable for avoiding corrosion in the injectors and transportation 
cost.  The solution cost is significantly higher than that of the solid urea.  If 
solid urea is purchased, it would require additional storage, solutionizing 
equipment, and additional deionized water processing capability at the plant 
site. 

• Auxiliary power cost in $/kWh. No noticeable escalation has been observed 
for auxiliary power cost since 2013. 

• Dilution water cost in $/1000 gallon. 
• Operating labor rate (including all benefits) in $/hr. 
• Replacement coal cost in $/MMBtu. 

 
The variables that contribute to the overall VOM are: 
 

VOMR = Variable O&M costs for urea reagent 
VOMM = Variable O&M costs for dilution water 
VOMP = Variable O&M costs for additional auxiliary power 
VOMB  = Variable O&M costs for additional coal 

 
The total VOM is the sum of VOMR, VOMM, VOMP, and VOMB.  Table 1 shows a 
complete capital and O&M cost estimate worksheet for an SNCR on a T-fired boiler.  
Table 2 shows a complete capital and O&M cost estimate worksheet for an SNCR on a 
CFB boiler. 
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Table 1.  Example of a Complete Cost Estimate for an SNCR System Installed on a T-fired boiler 
Variable Designation Units Value Calculation

Boiler Type BT 2 <--- User Input
Unit Size A (MW) 500 <--- User Input
Retrofit Factor B 1 <--- User Input (An "average" retrofit has a factor = 1.0)
Heat Rate C (Btu/kWh) 9800 <--- User Input
NOx Rate D (lb/MMBtu) 0.22 <--- User Input
SO2 Rate E (lb/MMBtu) 2 <--- User Input

Type of Coal F 3 <--- User Input
Coal Factor G 1 Bit=1.0, PRB=1.05, Lig=1.07
Heat Rate Factor H 0.98 C/10,000
Heat Input I (Btu/hr) 4.90E+09 A*C*1000
NOx Removal Efficiency K (%) 25
NOx Removed L (lb/hr) 270 D*I/10 6̂*K/100
Urea Rate (100%) M (lb/hr) 1172 L/UF/46*30;  IF Boiler Type = CFB OR D > 0.3 THEN UF = 0.25; ELSE UF = 0.15
Water Required N (lb/hr) 22263 M*19

V (%) 0.53 1175*N/I*100

O (%) 0.05 0.05 default value

Dilution Water Rate P (1000 gph) 2.67 N*0.12/1000
Urea Cost (50% wt solution) Q ($/ton) 350 <--- User Input
Aux Power Cost R ($/kWh) 0.06 <--- User Input
Dilution Water Cost S ($/kgal) 1 <--- User Input
Operating Labor Rate T ($/hr) 60 <--- User Input (Labor cost including all benefits)
Replacement Coal Cost U ($/MMBtu) 2 <--- User Input

Capital Cost Calculation Example Comments
Includes - Equipment, installation, buildings, foundations, electrical, and retrofit difficulty

BMS ($) = 2,967,000$             SNCR (injectors, blowers, DCS, reagent system) cost

BMA ($) = IF E ≥ 3 AND F=Bituminous, THEN 69000*(B)*(A*G*H) 0̂.78, ELSE 0 -$                       Air heater modification / SO3 control (Bituminous only & > 3lb/MMBtu)

BMB ($) = 4,869,000$             Balance of plant cost (piping, site upgrades, water treatment for the 
dilution water, etc...)

BM ($)    = BMS + BMA + BMB 7,836,000$             Total bare module cost including retrofit factor
BM ($/KW) = 16 Base cost per kW

Total Project Cost
A1 = 10% of BM 784,000$                Engineering and Construction Management costs
A2 = 10% of BM 784,000$                Labor adjustment for 6 x 10 hour shift premium, per diem, etc…
A3 = 10% of BM 784,000$                Contractor profit and fees

CECC ($) = BM+A1+A2+A3 10,188,000$            Capital, engineering and construction cost subtotal
CECC ($/kW) = 20 Capital, engineering and construction cost subtotal per kW

B1 = 5% of CECC 509,000$                Owners costs including all "home office" costs (owners engineering, 
management, and procurement activities)

TPC' ($) - Includes Owner's Costs = CECC + B1 10,697,000$            Total project cost without AFUDC
TPC' ($/kW) - Includes Owner's Costs = 21 Total project cost per kW without AFUDC

B2 = 0% of (CECC + B1) -$                       AFUDC (Zero for less than 1 year engineering and construction cycle)

TPC ($) = CECC + B1 10,697,000$            Total project cost
TPC ($/kW) = 21 Total project cost per kW

BT*(L 0̂.12)*320000*(A) 0̂.33;
(IF CFB then BT=0.75, ELSE BT=1)

Heat Rate Penalty
Include in VOM?

Costs are all based on 2016 dollars

Aux Power
Include in VOM?

BT*B*G*220000*(A*H) 0̂.42;
(IF CFB then BT=0.75, ELSE BT=1)
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Table 1 Continued 
Variable Designation Units Value Calculation

Boiler Type BT 2 <--- User Input
Unit Size A (MW) 500 <--- User Input
Retrofit Factor B 1 <--- User Input (An "average" retrofit has a factor = 1.0)
Heat Rate C (Btu/kWh) 9800 <--- User Input
NOx Rate D (lb/MMBtu) 0.22 <--- User Input
SO2 Rate E (lb/MMBtu) 2 <--- User Input

Type of Coal F 3 <--- User Input
Coal Factor G 1 Bit=1.0, PRB=1.05, Lig=1.07
Heat Rate Factor H 0.98 C/10,000
Heat Input I (Btu/hr) 4.90E+09 A*C*1000
NOx Removal Efficiency K (%) 25
NOx Removed L (lb/hr) 270 D*I/10^6*K/100
Urea Rate (100%) M (lb/hr) 1172 L/UF/46*30;  IF Boiler Type = CFB OR D > 0.3 THEN UF = 0.25; ELSE UF = 0.15
Water Required N (lb/hr) 22263 M*19

V (%) 0.53 1175*N/I*100

O (%) 0.05 0.05 default value

Dilution Water Rate P (1000 gph) 2.67 N*0.12/1000
Urea Cost (50% wt solution) Q ($/ton) 350 <--- User Input
Aux Power Cost R ($/kWh) 0.06 <--- User Input
Dilution Water Cost S ($/kgal) 1 <--- User Input
Operating Labor Rate T ($/hr) 60 <--- User Input (Labor cost including all benefits)
Replacement Coal Cost U ($/MMBtu) 2 <--- User Input

Fixed O&M Cost
FOMO ($/kW yr) = (No operator time assumed)*2080*T/(A*1000) -$                       Fixed O&M additional operating labor costs
FOMM ($/kW yr) = BM*0.012/(B*A*1000) 0.19$                      Fixed O&M additional maintenance material and labor costs
FOMA ($/kW yr) = 0.03*(FOMO+0.4*FOMM) 0.00$                      Fixed O&M additional administrative labor costs

FOM ($/kW yr) = FOMO + FOMM + FOMA 0.19$                      Total Fixed O&M costs

Variable O&M Cost
VOMR ($/MWh) = M*Q/A/1000 0.82$                      Variable O&M costs for Urea
VOMM ($/MWh) = P*S/A 0.01$                      Variable O&M costs for dilution water
VOMP ($/MWh) = O*R*10 0.03$                      Variable O&M costs for additional auxiliary power required.

VOMB ($/MWh) = 0.001175*N*U/A 0.10$                      Variable O&M costs for heat rate increase due to water injected into the 
boiler

VOM ($/MWh) = VOMR + VOMM + VOMP + VOMB 0.96$                      

Heat Rate Penalty
Include in VOM?

Costs are all based on 2016 dollars

Aux Power
Include in VOM?
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Table 2.  Example of a Complete Cost Estimate for an SNCR System Installed on a CFB boiler 

Variable Designation Units Value Calculation

Boiler Type BT 1 <--- User Input
Unit Size A (MW) 500 <--- User Input
Retrofit Factor B 1 <--- User Input (An "average" retrofit has a factor = 1.0)
Heat Rate C (Btu/kWh) 9800 <--- User Input
NOx Rate D (lb/MMBtu) 0.22 <--- User Input
SO2 Rate E (lb/MMBtu) 2 <--- User Input

Type of Coal F 3 <--- User Input
Coal Factor G 1 Bit=1.0, PRB=1.05, Lig=1.07
Heat Rate Factor H 0.98 C/10,000
Heat Input I (Btu/hr) 4.90E+09 A*C*1000
NOx Removal Efficiency K (%) 25
NOx Removed L (lb/hr) 270 D*I/10 6̂*K/100
Urea Rate (100%) M (lb/hr) 703 L/UF/46*30;  IF Boiler Type = CFB OR D > 0.3 THEN UF = 0.25; ELSE UF = 0.15
Water Required N (lb/hr) 13358 M*19

V (%) 0.32 1175*N/I*100

O (%) 0.05 0.05 default value

Dilution Water Rate P (1000 gph) 1.60 N*0.12/1000
Urea Cost (50% wt solution) Q ($/ton) 350 <--- User Input
Aux Power Cost R ($/kWh) 0.06 <--- User Input
Dilution Water Cost S ($/kgal) 1 <--- User Input
Operating Labor Rate T ($/hr) 60 <--- User Input (Labor cost including all benefits)
Replacement Coal Cost U ($/MMBtu) 2 <--- User Input

Capital Cost Calculation Example Comments
Includes - Equipment, installation, buildings, foundations, electrical, and retrofit difficulty

BMS ($) = 2,225,000$             SNCR (injectors, blowers, DCS, reagent system) cost

BMA ($) = IF E ≥ 3 AND F=Bituminous, THEN 69000*(B)*(A*G*H) 0̂.78, ELSE 0 -$                       Air heater modification / SO3 control (Bituminous only & > 3lb/MMBtu)

BMB ($) = 3,652,000$             Balance of plant cost (piping, site upgrades, water treatment for the 
dilution water, etc...)

BM ($)    = BMS + BMA + BMB 5,877,000$             Total bare module cost including retrofit factor
BM ($/KW) = 12 Base cost per kW

Total Project Cost
A1 = 10% of BM 588,000$                Engineering and Construction Management costs
A2 = 10% of BM 588,000$                Labor adjustment for 6 x 10 hour shift premium, per diem, etc…
A3 = 10% of BM 588,000$                Contractor profit and fees

CECC ($) = BM+A1+A2+A3 7,641,000$             Capital, engineering and construction cost subtotal
CECC ($/kW) = 15 Capital, engineering and construction cost subtotal per kW

B1 = 5% of CECC 382,000$                Owners costs including all "home office" costs (owners engineering, 
management, and procurement activities)

TPC' ($) - Includes Owner's Costs = CECC + B1 8,023,000$             Total project cost without AFUDC
TPC' ($/kW) - Includes Owner's Costs = 16 Total project cost per kW without AFUDC

B2 = 0% of (CECC + B1) -$                       AFUDC (Zero for less than 1 year engineering and construction cycle)

TPC ($) = CECC + B1 8,023,000$             Total project cost
TPC ($/kW) = 16 Total project cost per kW

BT*(L 0̂.12)*320000*(A) 0̂.33;
(IF CFB then BT=0.75, ELSE BT=1)

Heat Rate Penalty
Include in VOM?

Costs are all based on 2016 dollars

Aux Power
Include in VOM?

BT*B*G*220000*(A*H) 0̂.42;
(IF CFB then BT=0.75, ELSE BT=1)
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Table 2 Continued 
Variable Designation Units Value Calculation

Boiler Type BT 1 <--- User Input
Unit Size A (MW) 500 <--- User Input
Retrofit Factor B 1 <--- User Input (An "average" retrofit has a factor = 1.0)
Heat Rate C (Btu/kWh) 9800 <--- User Input
NOx Rate D (lb/MMBtu) 0.22 <--- User Input
SO2 Rate E (lb/MMBtu) 2 <--- User Input

Type of Coal F 3 <--- User Input
Coal Factor G 1 Bit=1.0, PRB=1.05, Lig=1.07
Heat Rate Factor H 0.98 C/10,000
Heat Input I (Btu/hr) 4.90E+09 A*C*1000
NOx Removal Efficiency K (%) 25
NOx Removed L (lb/hr) 270 D*I/10^6*K/100
Urea Rate (100%) M (lb/hr) 703 L/UF/46*30;  IF Boiler Type = CFB OR D > 0.3 THEN UF = 0.25; ELSE UF = 0.15
Water Required N (lb/hr) 13358 M*19

V (%) 0.32 1175*N/I*100

O (%) 0.05 0.05 default value

Dilution Water Rate P (1000 gph) 1.60 N*0.12/1000
Urea Cost (50% wt solution) Q ($/ton) 350 <--- User Input
Aux Power Cost R ($/kWh) 0.06 <--- User Input
Dilution Water Cost S ($/kgal) 1 <--- User Input
Operating Labor Rate T ($/hr) 60 <--- User Input (Labor cost including all benefits)
Replacement Coal Cost U ($/MMBtu) 2 <--- User Input

Fixed O&M Cost
FOMO ($/kW yr) = (No operator time assumed)*2080*T/(A*1000) -$                       Fixed O&M additional operating labor costs
FOMM ($/kW yr) = BM*0.012/(B*A*1000) 0.14$                      Fixed O&M additional maintenance material and labor costs
FOMA ($/kW yr) = 0.03*(FOMO+0.4*FOMM) 0.00$                      Fixed O&M additional administrative labor costs

FOM ($/kW yr) = FOMO + FOMM + FOMA 0.14$                      Total Fixed O&M costs

Variable O&M Cost
VOMR ($/MWh) = M*Q/A/1000 0.49$                      Variable O&M costs for Urea
VOMM ($/MWh) = P*S/A 0.00$                      Variable O&M costs for dilution water
VOMP ($/MWh) = O*R*10 0.03$                      Variable O&M costs for additional auxiliary power required.

VOMB ($/MWh) = 0.001175*N*U/A 0.06$                      Variable O&M costs for heat rate increase due to water injected into the 
boiler

VOM ($/MWh) = VOMR + VOMM + VOMP + VOMB 0.59$                      

Heat Rate Penalty
Include in VOM?

Costs are all based on 2016 dollars

Aux Power
Include in VOM?
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This report was prepared by the U.S. Energy Information Administration (EIA), the statistical and 
analytical agency within the U.S. Department of Energy. By law, EIA’s data, analyses, and forecasts are 
independent of approval by any other officer or employee of the United States Government. The views 
in this report therefore should not be construed as representing those of the Department of Energy or 
other Federal agencies.
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Generating Unit Annual Capital and Life Extension Costs 
Analysis 
 

In a period of accelerating retirements of electric power generators, EIA sought to revisit its assumptions 
of age-related generation costs.  EIA commissioned Sargent & Lundy (S&L) to evaluate capital 
expenditures (CAPEX) and operations and maintenance (O&M) costs for non-nuclear generating units, 
with a particular emphasis on how costs of coal and other fossil-fueled plants change over time.  The 
following report represents S&L’s findings.  A separate EIA report, Updates to Cost Assumptions in the 
Electricity Market Module (EMM) of the National Energy Modeling System (NEMS),1 details subsequent 
updates to the EMM module. 

 

The following report was accepted by EIA in fulfillment of contract number DE-EI0003250.  All views 
expressed in this report are solely those of the contractor and acceptance of the report in fulfillment of 
contractual obligations does not imply agreement with nor endorsement of the findings contained 
herein.  Responsibility for accuracy of the information contained in this report lies with the 
contractor.  Although intended to be used to inform the updating of EIA’s EMM module of NEMS, EIA is 
not obligated to modify any of its models or data in accordance with the findings of this report. 

 

 

 

                                                            
1 https://www.eia.gov/analysis/studies/powerplants/generationcost/pdf/addendum.pdf 
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LEGAL NOTICE 

This report (“Deliverable”) was prepared by Sargent & Lundy, L.L.C. (“Sargent & Lundy”), 

expressly for the sole use of U.S. Energy Information Administration (“Client”) in accordance 

with the agreement between Sargent & Lundy and Client. This Deliverable was prepared using 

the degree of skill and care ordinarily exercised by engineers practicing under similar 

circumstances. Client acknowledges: (1) Sargent & Lundy prepared this Deliverable subject to 

the particular scope limitations, budgetary and time constraints, and business objectives of the 

Client; (2) information and data provided by others may not have been independently verified by 

Sargent & Lundy; and (3) the information and data contained in this Deliverable are time 

sensitive and changes in the data, applicable codes, standards, and acceptable engineering 

practices may invalidate the findings of this Deliverable. Any use or reliance upon this 

Deliverable by third parties shall be at their sole risk.  
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Sargent & Lundy is a full-service architect-engineering firm that has been dedicated exclusively to the 

electric power industry for over 125 years. Sargent & Lundy has provided comprehensive planning, 

development, permitting, technical and financial consulting, engineering, design, construction management, 

and commissioning services for electric power generation and power delivery projects—1,557 clients in 88 

countries worldwide—since its founding in 1891. Having designed 958 power plants, totaling 140,667 MW of 

electric generation capacity, Sargent & Lundy is regarded as one of the oldest, largest, and most 

experienced power generation engineering companies in the U.S. 

Sargent & Lundy’s roles on electric power generation projects include full-design architect-engineer, owner’s 

engineer, lender’s independent engineer/technical advisor, and consultant. Our services include specialized 

technical advisory and consulting services to complete engineering and program management, 

encompassing procurement, construction management, technology transfer, and assistance with 

construction. Sargent & Lundy provides professional consulting, engineering, and design services 

throughout the lifecycle of power generation projects, from project concept and development, through 

detailed design and procurement, to construction and operation. 

55 East Monroe Street • Chicago, IL 60603-5780 USA • 312-269-2000 
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Term Definition or Clarification 

2017$ 2017 dollars 

A&G Administrative and general 

AEO Annual Energy Outlook 

ARIMA Autoregressive integrated moving average 

ATB Annual Technology Baseline 

CAPEX Capital expenditures 

CC Combined cycle 

CF Capacity factor 

COD Commercial operation date 

CT Combustion turbine 

DOE Department of Energy 

EIA Energy Information Administration 

EMM Electricity Market Module 

ESP Electrostatic precipitator 

FERC Federal Energy Regulatory Commission 

FERC Form 1 FERC Form No. 1 

FGD Flue gas desulfurization 

Hg Mercury 

HP High pressure 

ID Identifier or induced draft  

IP Intermediate pressure 

IPP Independent power producer 

IRENA International Renewable Energy Agency 
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Term Definition or Clarification 

kW Kilowatts 

kW-yr Kilowatt-years 

LCOE Levelized cost of electricity 

LP Low pressure 

MMRA Major maintenance reserve account 

MW Megawatts 

MWh Megawatt-hours 

NOX Nitrogen oxide 

NREL National Renewable Energy Laboratory 

OEA Office of Energy Analysis 

O&M Operations and maintenance 

PM Particulate matter 

PV Photovoltaic 

R2 R-squared 

Sargent & Lundy Sargent & Lundy LLC 

SO2 Sulfur dioxide 

TCP Total Cost of Plant 
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EXECUTIVE SUMMARY 

IDENTIFYING IMPACTS OF AGING ON GENERATION COST AND OPERATION 

Sargent & Lundy LLC (Sargent & Lundy) was engaged by the Office of Energy Analysis (OEA) of the U.S. 

Energy Information Administration (EIA), an agency within the U.S. Department of Energy (DOE), to conduct 

a study to improve the ability of the Electricity Market Module (EMM) to represent the changing landscape of 

electricity generation and to more accurately represent costs, which will improve projections for generating 

capacity, generator dispatch, and electricity prices. The EMM is a submodule within the EIA’s National Energy 

Modeling System (NEMS), a computer-based energy supply modeling system that is used for the EIA’s Annual 

Energy Outlook (AEO) and other analyses.  

In particular, the purpose of this study was to provide information that may enable the EIA to more accurately 

represent costs associated with operation of the existing fleet of U.S. generators as they age. This includes 

capital expenditures (CAPEX) related to ongoing operations as well as potential increases in operations and 

maintenance (O&M) costs attributable to declining performance due to aging. 

The primary focus of our analysis was existing fossil fuel generators. The study also included existing wind, 

solar, hydro, and other renewable generators. The work scope did not include analysis of nuclear units. 

The generating capacity types represented in the EMM that were included in our analysis comprised: 

 Coal steam plants 

 Gas/oil steam plants 

 Gas/oil combined-cycle (CC) plants  

 Gas/oil combustion turbines (CTs) 

 Conventional hydropower 

 Pumped storage – hydraulic turbine reversible 

 Solar thermal – central tower 

 Solar photovoltaic (PV) – single-axis tracking 

 Geothermal 

 Wind 

For most types of generators evaluated, we did not find a statistically significant relationship between plant age 

and costs (both CAPEX and O&M). CAPEX spending over the life of each plant represents a series of capital 

projects—rather than a single life extension project—that includes both discretionary spending and 
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vendor-specified spending. For discretionary spending, different plants might incur the same type of expense at 

different points in time due to differences in plant-specific economic, locational, or operational circumstances. 

Vendor-specified spending is primarily for major maintenance, typically based on cumulative hours of operation 

and/or cumulative starts, and more commonly applied to gas/oil CC and CT plants. We did, however, find a 

statistically significant relationship between age and CAPEX spending for fossil steam coal generators with flue 

gas desulfurization (FGD) equipment, and between age and O&M spending for conventional hydroelectric 

plants and wind turbines. We also found age and CAPEX spending to be significantly correlated for CC and CT 

plants, although measured in terms of operating hours or starts, rather than years. Table ES-1 summarizes the 

variables found to have a significant effect on annual changes in real spending per kilowatt (kW) for each 

generator type. We recommend the EIA incorporate these variables in the EMM representation of CAPEX and 

O&M.  

Table ES-1 — Variables Affecting Annual Changes in Real Spending per kW 

Generating Capacity CAPEX Spending O&M Spending 

Coal Steam Plants Age and FGD (see Table ES-3) - 

Gas/Oil Steam Plants Capacity (see Table ES-5) - 

Gas/Oil Combined-Cycle Plants Operating Hours (see Table ES-7) - 

Gas/Oil Combustion Turbines Starts (see Table ES-7) - 

Conventional Hydropower - Age (Regression Equation) 

Pumped Storage – Hydraulic Turbine Reversible - - 

Solar Thermal – Central Tower - - 

Solar Photovoltaic – Single-Axis Tracking - - 

Geothermal - - 

Wind Capacity (see Table ES-11) Age (Regression Equation) 

While we did not find a consistent relationship between aging and CAPEX and O&M costs, changes in 

performance-related factors and external market conditions are also related to changes in these costs over time. 

Examples of these factors and conditions include the following: 

 Plant efficiency (heat rate) 

 Capacity degradation 

 Outage rates 

 Market prices (electricity, fuel)  
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These factors and conditions were not part of the scope of our study. We recommend the EIA consider studying 

these in the future. 

MODELING IMPACTS OF AGING IN EIA PROJECTIONS 

Existing Treatment of Aging in EIA’s Electricity Market Module 

The EMM currently accounts for power plant aging through a one-time step increase in annual CAPEX that is 

intended to extend the life or preserve the performance of an existing generator. In the EMM, costs for plant 

O&M do not vary with plant age. 

As modeled in the EMM, a generating unit is assumed to retire if the expected revenues from the generator are 

not sufficient to cover the annual going-forward costs and if the overall cost of producing electricity can be 

lowered by building new replacement capacity. The going-forward costs include fuel, O&M costs, and annual 

CAPEX. The average annual CAPEX in the EMM is $0.18 per kilowatt-year (/kW-year) for existing CC plants, 

$9/kW-year for existing gas/oil steam plants, and $18/kW-year for existing coal plants (in constant 2017 

dollars). These amounts are increased to $7.25/kW-year, $16/kW-year, and $25/kW-year, respectively, after a 

plant reaches 30 years of age.
1
 The average annual CAPEX in the EMM for existing CT plants is $1.52/kW-year 

with no life extension costs. The other generating technologies in the EMM are not currently modeled with 

either CAPEX or life extension costs. 

Need for Update to EIA’s Treatment of Aging 

The existing CAPEX values in the EMM were derived from yearly changes in plant in service accounts reported 

on the Federal Energy Regulatory Commission (FERC) Form No. 1 (“FERC Form 1”).2 The O&M costs in the 

EMM are also derived from FERC Form 1. However, FERC Form 1 does not cover merchant power plants or 

independent power producers (IPPs), leaving a large gap in the data. For example, out of approximately 35,000 

generating units in the U.S., roughly 21,000 (60%) are IPPs. The EIA currently extrapolates data from FERC 

Form 1 to represent all plants covered in the EMM.  

Sargent & Lundy’s update to the EMM treatment of aging examined the potential adaptation of the EMM to 

represent changes in age-related spending patterns by various methods. This examination required the following 

steps: 

                                                      
1 Internal communication with EIA, February 2018. 
2 FERC Form 1 is an annual regulatory requirement for major electric utilities, licensees, and others designed to collect 

non-confidential financial and operational information. 

21/179

Exhibit DG-6



 

 

4 
SL-014201 

Executive Summary 
Final v01  

 

 

Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

1. Gathering of in-house data from independent power projects and other plants, in addition to 

FERC Form 1 data. 

2. Incorporation of O&M and capital spending forecasts by plant owners and operators with 

firsthand knowledge of plant operating history and future needs, thereby extending the range of 

plant operating years over which to characterize spending, compared with FERC Form 1 data that 

is limited to historical data. 

3. Removal of capital spending for major modifications relating to environmental compliance, 

which would be modeled on a case-specific basis. 

4. Identification of the most significant variables affecting age-related spending from commonly 

reported plant data—such as plant capacity (kW), annual generation (megawatt-hours [MWh]), 

age, fuel type, emission controls, and regulatory environment—using regression analysis. 

5. Representation of age-related costs as either fixed ($/kW-year) or variable ($/MWh) according to 

generating technology and typical maintenance practices. 

6. Application of capital spending and/or age-related costs to the EMM representations of long-term 

fixed O&M, variable O&M, and ongoing capital spending for each generating technology. 

The assessment methodology used by Sargent & Lundy for the EMM update included an in-depth process of 

data validation, data normalization, and statistical testing, which is described in detail in Section 2. 

ANALYSIS OF AGING IMPACTS IN PUBLICLY-REPORTED COST INFORMATION  

Cost Breakdowns in Reported Data 

Our analysis required an understanding of the cost breakdowns in the reported data between 1) capitalized 

(CAPEX) and expensed (O&M) cost components and 2) fixed O&M and variable O&M cost components. From 

a system modeling perspective, CAPEX and fixed O&M costs are typically expressed in $/kW-year, while 

variable O&M is typically expressed in $/MWh. Normalized cost breakdowns in these units are necessary for 

compatibility with the EMM. 

The reporting formats of our in-house data and the FERC Form 1 data have a clear delineation between CAPEX 

and O&M. However, while the in-house data often contains an explicit breakdown between fixed and variable 

O&M, the FERC Form 1 accounts for O&M are not categorized as such. Rather, the reported O&M costs in a 

given account are the combined fixed and variable costs at the reported generating output. Thus, the variable 

O&M component cannot be clearly delineated from the total reported O&M in the FERC Form 1 data. 
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O&M costs for the following technologies are essentially all fixed: solar thermal (central tower), solar PV 

(single-axis tracking), geothermal, and wind. By definition, fixed O&M costs are independent of plant 

generation, so they are expressed in $/kW-year. 

O&M costs for the following technologies include a significant variable component: coal steam, gas/oil steam, 

gas/oil CC, gas/oil CTs, conventional hydropower, and pumped storage (hydraulic turbine reversible). By 

definition, variable O&M costs are proportional to plant generation and are typically expressed in $/MWh. 

As mentioned, the variable O&M components cannot be clearly delineated from the total reported O&M costs. 

For this assessment, the variable components were combined with the fixed components and expressed in 

$/kW-year. The combined total O&M was found to correspond to the combined total O&M representation in the 

EMM, which includes a $/MWh variable O&M breakout, as presented in the subsections below. 

CAPEX spending values, expressed in $/kW-year, were derived from the new dataset as an additive to the EMM 

O&M costs and as replacements for the existing EMM CAPEX representation for all technologies, except for 

gas/oil CC and gas/oil CTs. CAPEX spending for gas/oil CC and gas/oil CTs was found to be primarily for 

major maintenance events, which are already represented as a $/MWh variable O&M cost in the EMM. 

Data Compilation 

The data compilation for this analysis consisted of the following annual plant data (any available data from 1980 

to 2060, historical or forecasted by plant owner): 

 Plant megawatts (MW) (summer) 

 Annual MWh 

 Annual O&M (from FERC Form 1) 

 Annual O&M (from other sources) 

 Annual CAPEX (from FERC Form 1) 

 Annual CAPEX (from other sources) 

 Annual environmental compliance costs 

All available and validated cost data over the plant operating life, historical or forecasted, was normalized as 

follows for each plant: 

 Annual O&M in 2017 $/kW-year versus age (years from commercial operation date [COD]) 

 Annual CAPEX in 2017 $/kW-year versus age (years from COD) 

 Annual O&M + CAPEX in 2017 $/kW-year versus age (years from COD) 
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In all cases, the yearly values are expressed in constant 2017 price levels and would increase annually with the 

inflation rate. 

IDENTIFYING CHANGES IN SPENDING PATTERNS OVER PLANT LIFE 

Differences in Spending Approach by Plant Type 

CAPEX spending over the life of each plant represents a series of capital projects throughout the plant life, 

rather than a single life extension project. This consists of both discretionary spending and vendor-specified 

spending, examples of which are as follows: 

 Discretionary spending is notable for most coal steam and gas/oil steam plants. Different plants 

might incur the same type of expense at different points in time due to differences in plant-specific 

economic, locational, or operational circumstances. Typical industry-standard frequencies for 

repairs and replacements of major equipment within a coal plant are not absolute, but rather 

indicative of when a coal plant may be required to perform the work, based on manufacturer 

experience. An owner may choose to perform the work early, if they have an available outage, or 

defer if, after inspection, the equipment appears to be capable of continued operation without 

repair. 

 Vendor-specified major maintenance spending, such as commonly applied to gas/oil CC and gas/oil 

CTs, is based on cumulative hours of operation and/or cumulative starts. Implicitly, CAPEX 

spending for CC and CT plants is age-related and vendor-specified, and may be expressed as an 

equivalent $/MWh value, which covers:  

 Major maintenance costs for periodic combustion inspections, hot gas path inspections, and 

major overhauls account for nearly all of the CAPEX expenditures. Many plant owners 

choose to capitalize major maintenance expenditures. As these expenditures normally 

follow the equipment vendor’s recommendations, they maintain plant performance and 

extend the plant life. 

 Major one-time costs include rotor replacement, typically at about 150,000 equivalent 

operating hours, 7,000 equivalent starts, or within the first 30 years of plant operation. 

These costs are captured within the dataset. As gas turbines age, major maintenance parts 

often become available from third-party suppliers at a discounted price.  

Potential Benefits of CAPEX and O&M Spending on Future Spending 

CAPEX and O&M spending have a relatively minor effect on future non-fuel O&M spending, on average, 

compared with plant performance-related economic benefits not captured in this analysis, such as: 
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 Reduced fuel expenditures due to improved heat rates  

 Reduced capacity degradation and higher capacity sales 

 Reduced outage costs due to reduced replacement power expenses or higher power sales 

 Increased power sales due to increased net capacity or reduced forced outages 

Potential Impacts of Plant Age on Future Spending 

The spending characteristics described in the previous subsections are evident in the datasets, which reveal 

significant variability in plant spending as a function of age. Sargent & Lundy’s evaluation therefore examined 

additional variables that might explain some of the variability in age-related spending: plant capacity (MW), 

capacity factor, external market conditions, regulatory environment, fuel characteristics, and FGD. These 

additional variables and their effects are described in the following subsections. 

Effect of Plant Capacity (MW) 

The effect of plant MW capacity on age-related spending, expressed in $/kW-year, was examined by breaking 

the dataset into separate plant size categories, summarized as follows: 

 
 Coal Steam 

 All MW 

 < 500 MW 

 500 MW – 1,000 MW 

 1,000 MW – 2,000 MW 

 > 2,000 MW 

 Gas/Oil Steam 

 < 500 MW 

 500 MW – 1,000 MW 

 > 1,000 MW 

 Gas/Oil CC 

 All MW 

 < 500 MW 

 500 MW – 1,000 MW 

 > 1,000 MW 

 Gas/Oil CT 

 All MW 

 < 100 MW 

 100 MW – 300 MW 

 Conventional Hydroelectric 

 All MW 

 < 100 MW 

 100 MW – 500 MW 

 > 500 MW 

 Pumped Hydroelectric Storage 

 All MW 

 < 100 MW 

 100 MW – 500 MW 

 > 500 MW 

 Solar Photovoltaic 

 < 5 MW 

 > 5 MW 

 Wind Turbine 

 All MW 

 < 100 MW 

 100 MW – 200 MW 

 > 200 MW 
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For some of the MW breakdowns above, the age coefficient in the regression analysis of CAPEX or O&M was 

found to be statistically significant. For the other MW breakdowns, an average value by age group was found to 

be more appropriate (see Table ES-1). 

Effect of Plant Capacity Factor 

CAPEX and O&M spending for the coal steam plants increased significantly with age when expressed on a 

$/MWh basis. This was primarily a result of significant declines in plant capacity factors over time, as shown in 

Figure ES-1. A similar decline also occurred with the gas/oil steam plants, as shown in Figure ES-2.  

Figure ES-1 — Capacity Factor vs. Age for All Coal Plants 

 
 

Figure ES-2 — Capacity Factor vs. Age for All Gas/Oil Steam Plants 

 
 

26/179

Exhibit DG-6



 

 

9 
SL-014201 

Executive Summary 
Final v01  

 

 

Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

Effect of External Market Conditions 

The declining capacity factors with age, shown above, may have been a result of external market conditions 

and/or declining plant performance. These are areas for further exploration. 

External market conditions over the same time period that may have contributed to lower capacity factors for 

coal steam and gas/oil steam plants include: 

 Competition with lower gas prices and more efficient gas turbines 

 Competition with renewable energy having lower dispatch costs 

 Lower load growth due to increased amounts of energy efficiency and distributed resources 

For some coal steam and gas/oil steam plants, the decline in capacity factor was also a result of less efficient 

heat rates, increased component failures, and increased outage rates over time. A major contributor to this 

decline in performance is often a result of increased cycling operation. Increased cycling leads to higher O&M 

and CAPEX spending over time.3 

External market conditions may have also reduced the number of data points with higher age-related spending, 

due to plant retirements. The least efficient coal steam and gas/oil steam plants would likely retire under the 

following circumstances: 

 Lower efficiency may contribute to less frequent dispatch and more cycling, leading to more 

component failures and higher spending 

 Less frequent dispatch reduces hours of operation and power sales 

 Lower power sales income may not adequately cover plant fixed costs  

Some of the older coal steam plants (23 in this data sample) maintained consistently high capacity factors 

throughout their plant lives, with no real increase in spending. These high capacity factor plants had an installed 

capacity ranging from 70 MW to 2,400 MW, with an average of 850 MW and an average COD of 1961. These 

plants are slightly larger and older, on average, than the entire dataset of coal steam plants, which have an 

average installed capacity of 720 MW and an average COD of 1964. Table ES-2 shows the average capacity 

factors and O&M and CAPEX spending for the entire dataset of coal steam plants compared with the older 

consistently high capacity factor plants. 

                                                      
3 Kumar, N., Besuner, P., Lefton, S., and Agan, D., Power Plant Cycling Costs, National Renewable Energy Laboratory, 

April 2012. 
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Table ES-2 — High Capacity Factor Coal Plants – Spending Comparison 

 
Average – All Years Years 1-20 Years 20-40 Years 40-80 

Capacity Factor – All Plants 59.1% 66.8% 64.5% 52.9% 

Capacity Factor – High CF Plants 74.0% - 72.8% 74.4% 

O&M – All Plants (2017 $/kW-yr) 46.01 53.90 40.06 48.77 

CAPEX – All Plants (2017 $/kW-yr) 22.78 17.92 26.20 21.25 

Total – All Plants (2017 $/kW-yr) 68.67 71.86 66.25 69.82 

O&M – High CF Plants (2017 $/kW-yr) 36.65 - 31.07 38.78 

CAPEX – High CF Plants (2017 $/kW-yr) 20.26 - 23.13 19.16 

Total – High CF Plants (2017 $/kW-yr) 57.02 - 54.20 58.10 

Market conditions at the older, high capacity factor plants may have led to fewer competing resources, which 

would support higher levels of dispatch and higher capacity factors. In addition, lower cycling requirements at 

those plants would have reduced spending requirements. 

Effect of Regulatory Environment 

Owners of coal steam plants in deregulated states were found to have no aversion to capital spending compared 

to plant owners in regulated states. Some of the difference may be due to higher labor costs in many of the 

deregulated states. This is the opposite of what would be expected, whereby plant owners in a deregulated 

environment would have a greater incentive to reduce O&M costs that cannot be passed through to ratepayers. 

The higher O&M spending is likely a result of other factors, such as higher average labor costs in deregulated 

states, which tend to have a higher percentage of union labor compared with regulated states. Therefore, the net 

effect of regulatory status on average O&M spending was not apparent at this level of detail. 

Effect of Fuel Characteristics 

Sargent & Lundy’s regression analysis compared CAPEX spending for coal steam plants with bituminous and 

subbituminous coal types. The results indicate that average CAPEX spending is not likely affected by coal type 

at a high-level designation (i.e., bituminous/subbituminous) without more detailed coal specifications. 

Effect of Flue Gas Desulfurization 

The regression analysis indicated a significant difference in CAPEX spending for coal plants with FGD. The 

corrosive environment of chemicals and reagents significantly reduces the life of equipment such as pumps, 

mills, nozzles, valves, etc. These components must be replaced more frequently than at plants without FGD. 
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PROPOSED UPDATES TO EMM METHODOLOGY 

The EMM captures changes in age-related spending patterns through multiple cost categories: CAPEX, O&M, 

fuel, energy sales, and capacity sales. The updates below relate only to the CAPEX and O&M. The focus of the 

work scope was to more accurately represent power plant aging impacts on CAPEX and O&M. Detailed 

derivations of fixed and variable O&M costs for the EMM were not part of the work scope. 

Sargent & Lundy’s recommended updates to the fixed and variable O&M costs and CAPEX in the EMM for 

each generating technology are summarized in the tables below. Values are in constant 2017 price levels and are 

incurred in every year of plant operation, starting from commercial operation through plant retirement. In all 

cases, the yearly values would increase annually with the inflation rate. 

Coal Steam 

Sargent & Lundy’s analysis of the coal steam dataset (Appendix A) identified two significant variables affecting 

annual changes in real CAPEX spending (on a constant $/kW-year basis): age and FGD. Variables not having a 

significant effect on annual changes in real CAPEX spending (on a constant $/kW-year basis) were: plant 

capacity (kW), fuel type, and regulatory environment. When CAPEX spending was expressed on a constant 

$/MWh basis, it was significantly related to age, primarily as a result of declining MWh generation with age. 

Table ES-3 compares the new CAPEX values derived from the coal steam dataset with the CAPEX values 

currently used in the EMM. The new CAPEX values are similar in magnitude with the current EMM values 

over the long term, except that the new values follow a continuous pattern rather than a step pattern. As 

discussed below, the new values include life extension projects that occur throughout the plant life, including the 

first 30 years of operation.  

Table ES-3 — Coal Steam CAPEX Results – All MW, All Capacity Factors 

Net Total CAPEX 
(2017 $/kW-year) 

$/kW-yr 
(Years 
1-10) 

$/kW-yr 
(Years 
10-20) 

$/kW-yr 
(Years 
20-30) 

$/kW-yr 
(Years 
30-40) 

$/kW-yr 
(Years 
40-50) 

$/kW-yr 
(Years 
50-60) 

$/kW-yr 
(Years 
60-70) 

$/kW-yr 
(Years 
70-80) 

New Value – No FGD* 17.16 18.42 19.68 20.94 22.20 23.46 24.72 25.98 

New Value – with FGD* 22.84 24.10 25.36 26.62 27.88 29.14 30.40 31.66 

Existing EMM Value 17.55 17.55 17.55 24.62 24.62 24.62 24.62 24.62 
*Calculated to the midpoint of the given age band. 

“Life extension costs” in the existing CAPEX values are covered by the step increase after year 30. Life 

extension costs in the new CAPEX values are distributed throughout the plant life. This is a result of 
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discretionary spending, which is a common practice for most coal steam plants. Different plants might incur the 

same type of expense at different points in time due to differences in plant-specific economic, locational, or 

operational circumstances. 

Typical industry-standard frequencies for repairs and replacement of major equipment within a coal plant are 

not absolute, but rather indicative of when a coal plant may be required to perform the work, based on 

manufacturer experience. An owner may choose to perform the work early, if they have an available outage, or 

defer if, after inspection, the equipment appears to be capable of continued operation without repair. 

The new values also account for CAPEX relating to FGD. An FGD system tends to be capital-intensive to own 

and operate. The corrosive environment of chemicals and reagents significantly reduces the life of equipment 

such as pumps, mills, nozzles, valves, etc. These components must be replaced more frequently than at plants 

without FGD.  

O&M costs for the coal steam plants include a significant variable component. By definition, variable O&M 

costs are proportional to plant generation and are typically expressed in $/MWh. As previously mentioned, the 

variable O&M component cannot be clearly delineated from the total reported O&M in the FERC Form 1 data. 

For this assessment, the variable component was combined with the fixed component and expressed in 

$/kW-year. The combined total O&M in the coal steam plant dataset for this analysis was found to be nearly 

equivalent to the existing combined total O&M representation in the EMM, which already includes the 

necessary $/MWh variable O&M breakout (see Table ES-4). 

Table ES-4 — Coal Steam O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh)* 

Variable O&M 
(2017 $/kW-yr)** 

Total O&M 
(2017 $/kW-yr)** 

Coal Steam Dataset Results – All Plants 36.81 1.78 9.20 46.01 

< 500 MW 44.21 1.78 9.20 53.41 

500 MW – 1,000 MW 34.02 1.78 9.20 43.22 

1,000 MW – 2,000 MW 28.52 1.78 9.20 37.72 

> 2,000 MW 33.27 1.78 9.20 42.47 

Existing EMM Value*** 40.63 1.78 9.20 49.83 
*Fixed and variable split is estimated using the existing EMM variable O&M cost of $1.78/MWh.  
**Calculated at the coal steam dataset average capacity factor of 59%.  
***Source: Internal communication with EIA, February 2018. 
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Gas/Oil Steam 

The analysis of the gas/oil steam dataset (Appendix B) identified only one significant variable affecting annual 

changes in real CAPEX spending (on a constant $/kW-year basis): plant capacity (kW). That is, CAPEX was 

lower on a $/kW-year basis for larger plant sizes due to economies of scale. When CAPEX spending was 

expressed on a constant $/MWh basis, it was significantly related to age, primarily as a result of declining MWh 

generation with age. 

Table ES-5 compares the new CAPEX values derived from the gas/oil steam dataset with the CAPEX values 

currently used in the EMM. The new CAPEX values are similar in magnitude with the current EMM values 

over the long term, except that the new values follow a continuous pattern rather than a step pattern. As 

discussed below, the new values include life extension projects that occur throughout the plant life, including the 

first 30 years of operation.  

Table ES-5 — Gas/Oil Steam CAPEX Results  

Plant Size 

Net Total CAPEX 
(2017 $/kW-year) 

Years 1-30 Years 30-80 

Gas/Oil Steam Dataset Results – All Plants 15.96 15.96 

New Value: < 500 MW 18.86 18.86 

New Value: 500 MW – 1,000 MW 11.57 11.57 

New Value: > 1,000 MW 10.82 10.82 

Existing EMM Value 9.14 16.21 

“Life extension costs” in the existing CAPEX values are covered by the step increase after year 30. Life 

extension costs in the new CAPEX values are distributed throughout the plant life. This is a result of 

discretionary spending, which is a common practice for most gas/oil steam plants. Different plants might incur 

the same type of expense at different points in time due to differences in plant-specific economic, locational, or 

operational circumstances. 

Typical industry-standard frequencies for repairs and replacement of major equipment within a gas/oil steam 

plant are not absolute, but rather indicative of when a gas/oil steam plant may be required to perform the work, 

based on manufacturer experience. An owner may choose to perform the work early, if they have an available 

outage, or defer if, after inspection, the equipment appears to be capable of continued operation without repair. 
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Typical industry-standard frequencies for repairs and replacement of major equipment are similar to those of 

coal units, as presented in the previous section. 

The use of a constant annual value on the modeling of annual CAPEX would be similar to representing a major 

maintenance reserve account (MMRA), which is commonly used for non-recourse financing of power projects. 

MMRAs are usually required by power project lenders over the tenor of debt as protection against maintenance 

spending uncertainty. An MMRA is typically funded by annual contributions drawn from a project’s cash flow, 

sometimes as a uniform annual amount. Annual contribution levels are based on estimated long-term 

maintenance expenditure patterns. Over the long term, annual contributions represent a smoothed version of 

irregular actual annual values. 

The use of a long-term average value also recognizes the inherent variability in long-term spending patterns for 

any given plant. Since the EMM is a large-scale model, it is conceptually designed to represent plant types as 

averages rather than as individual plants. When summed across a large number of plants in a utility system, 

some of the variability in annual expenditure patterns would tend to even out. The level of accuracy between 

average values and year-specific values for a given plant type is nearly equivalent in large-scale models.  

O&M costs for the gas/oil steam plants include a significant variable component, although typically smaller than 

coal units. The combined total O&M in the gas/oil steam plant dataset for this analysis was found to be 

somewhat lower than the existing combined total O&M representation in the EMM, which already includes the 

necessary $/MWh variable O&M breakout (see Table ES-6). However, the variable O&M of $8.23/MWh in the 

EMM is much higher than values Sargent & Lundy has observed in actual gas/oil steam plants and should not be 

higher than the variable O&M of $1.78/MWh in the EMM used for the coal units. 

Table ES-6 — Gas/Oil Steam O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh)* 

Variable O&M 
(2017 $/kW-yr)** 

Total O&M 
(2017 $/kW-yr)** 

Gas/Oil Steam Dataset Results – All Plants 24.68 1.00 1.84 26.52 

< 500 MW 29.73 1.00 1.84 31.57 

500 MW – 1,000 MW 17.98 1.00 1.84 19.82 

> 1,000 MW 14.51 1.00 1.84 16.35 

Existing EMM Value*** 19.68 8.23 15.14 34.82 
*Fixed and variable split is estimated using an approximate value for variable O&M of $1.00/MWh based on confidential projects. 
**Calculated at the gas/oil steam dataset average capacity factor of 21%.  
***Source: Internal communication with EIA, February 2018. 
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Gas/Oil Combined Cycle and Gas/Oil Combustion Turbine 

As with coal steam and gas/oil steam plants, CAPEX spending for gas/oil CC and gas/oil CT plants represents a 

series of capital projects throughout the plant life, which include projects for “life extension.” Most CAPEX 

spending for gas/oil CC and gas/oil CT plants is for vendor-specified major maintenance events. Other CAPEX 

spending, other than for emission control retrofits, is relatively minor. 

Vendor-specified major maintenance spending is based on cumulative hours of operation and/or cumulative 

starts. Implicitly, CAPEX spending for CC and CT plants is age-related and vendor-specified, and may be 

expressed as an equivalent $/MWh value, which covers:  

 Major maintenance costs for periodic combustion inspections, hot gas path inspections, and major 

overhauls account for nearly all of the CAPEX expenditures. Many plant owners choose to 

capitalize major maintenance expenditures. As these expenditures normally follow the equipment 

vendor’s recommendations, they maintain plant performance and extend the plant life. 

 Major one-time costs include rotor replacement, typically at about 150,000 equivalent operating 

hours, 7,000 equivalent starts, or within the first 30 years of plant operation. These costs are 

captured within the dataset. As gas turbines age, major maintenance parts often become available 

from third-party suppliers at a discounted price.  

As with MMRAs described in the previous subsection, major maintenance contracts are priced according to 

smoothed versions of irregular long-term expenditure patterns. Apart from adjustments for operating conditions, 

major maintenance (and nearly all of the CAPEX) is effectively priced as an equal annual value, expressed in 

constant $/MWh with annual escalation. 

Table ES-7 compares the new CAPEX and O&M values derived from the gas/oil CC and CT datasets with the 

values currently used in the EMM. As indicated above, the combined CAPEX and O&M values in the datasets 

would be expected to correspond to the combined CAPEX and O&M in the EMM, with most of the CAPEX in 

the EMM represented as variable O&M. However, some of the EMM values are higher than values Sargent & 

Lundy has observed in actual CC and CT plants, as detailed below: 

 The EMM fixed and variable O&M costs for CC plants are reasonable for smaller CC installations 

(< 500 MW) but high for larger plants. 

 The EMM CAPEX addition of $7/kW-year after 30 years of operation should not be represented as 

a fixed cost. As previously mentioned, age-related costs would be built into the $/MWh variable 

O&M and would be a function of cumulative operating hours rather than operating years. 
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 The EMM fixed and variable O&M costs for CT plants are high for all plant sizes. Since most CT 

plants operate as peaking plants with low capacity factors, the variable O&M component is likely to 

be based on equivalent starts rather than equivalent operating hours. 

Table ES-7 — Gas/Oil CC and CT CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh)* 

Variable O&M 
(2017 $/kW-yr)* 

Total O&M 
(2017 $/kW-yr)* 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr)** 

CC Dataset Results 
(All Plants) 13.08 3.91 (included in 

CAPEX) 13.08 15.76 28.84 

< 500 MW 15.62 4.31 (included in 
CAPEX) 15.62 17.38 33.00 

500 MW –  
1,000 MW 9.27 3.42 (included in 

CAPEX) 9.27 13.78 23.05 

> 1,000 MW 11.68 3.37 (included in 
CAPEX) 11.68 13.57 25.25 

Existing EMM 
Value** 27.52 2.64 10.64 38.16 0.18; 7.25 

(after year 30) 
38.34; 45.41 

(after year 30) 
       

CT Dataset Results 
(All Plants) 5.33 (starts based) (included in 

CAPEX) 5.33 6.90 12.23 

< 100 MW 5.96 (starts based) (included in 
CAPEX) 5.96 9.00 14.96 

100 MW – 300 MW 6.43 (starts based) (included in 
CAPEX) 6.43 6.18 12.61 

> 300 MW 3.99 (starts based) (included in 
CAPEX) 3.99 6.95 10.94 

Existing EMM 
Value*** 12.60 14.63 5.13 17.73 1.52 19.25 

*Fixed and variable split is estimated, assuming all CAPEX costs are represented as variable O&M, either hours-based ($/MWh) or starts-based ($/start). 
**Calculated at the dataset average capacity factor of 46% for CC and 4% for CT.  
***Source: Internal communication with EIA, February 2018. 

 

Conventional Hydroelectric 

Overall, the conventional hydroelectric dataset does not support any age-related CAPEX spending trend across 

the full data and on any of the subsets by plant size. The average CAPEX value over all operating years is 

$22.56/kW-year. The dataset does support age as a statistically significant predictor of O&M spending (on a 

linear trend across all plant ages). Therefore, O&M spending for this dataset may be estimated by the regression 

equation: 

Annual O&M spending in 2017 $/kW-year = 22.360 + (0.073 × age) 
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The CAPEX and O&M values derived from the conventional hydroelectric dataset are significantly higher than 

the existing values used in the EMM (Table ES-8) and outside the range of values published in the AEO4 and by 

the International Renewable Energy Agency (IRENA).5 The reasons for this discrepancy are not known without 

having the data sample used for the EMM values. It appears that the EMM does not currently account for 

CAPEX or life extension expenditures for conventional hydroelectric. 

Table ES-8 — Hydroelectric CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr) 

Conventional Hydroelectric Dataset Results – All Plants 22.00 - 22.56 44.56 

Existing EMM Value* 14.58 0.00 0.00 14.58 
*Source: Internal communication with EIA, February 2018. 

 

Pumped Storage 

Overall, the pumped storage dataset does not support any age-related CAPEX or O&M spending trend across 

the full data and on any of the subsets by plant size. The average value over all operating years is 

$14.83/kW-year for CAPEX and $23.63/kW-year for O&M (Table ES-9). The existing values used in the EMM 

are not available.  

Table ES-9 — Pumped Storage CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr) 

Pumped Storage Dataset Results – All Plants 23.63 - 14.83 38.46 

Existing EMM Value N/A N/A N/A N/A 

 

Solar Photovoltaic 

The solar PV dataset does not support any age-related CAPEX spending trend across the full data and on any of 

the subsets by plant size. Sargent & Lundy notes that the average change in the “Total Cost of Plant” (TCP) 

reported in the FERC data for the limited usable dataset (15 sites not filtered out) is approximately $26/kW-year. 

However, due to the limited dataset, lack of clarity on what qualifies as a change to the TCP, and general lack of 

                                                      
4 Energy Information Administration, Annual Energy Outlook 2018, Cost and Performance Characteristics (Table 8.2), 

February 2018. 
5 International Renewable Energy Agency, Renewable Energy Technologies: Cost Analysis Series, Hydropower, June 2012. 
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consistency in the FERC capital cost data provided, Sargent & Lundy advises that caution be taken when trying 

to establish any definitive solar PV capital cost trends from the FERC data.  

The solar PV dataset appears to support age as a statistically significant predictor of O&M spending (on a linear 

trend across all plant ages). However, based upon closer inspection of the data, a more appropriate predictor of 

O&M spending for this dataset would be a simple average across all years. This determination is based on the 

lack of data points for plants over 10 years old. 

When considering the average O&M costs per plant as a single data point and then averaging those values, 

Sargent & Lundy calculated an average O&M cost of $75/kW-year from the FERC data for sites under 5 MW. 

Using the same method, an average O&M cost of $15/kW-year was calculated from the FERC data for sites 

over 5 MW.  

By comparison, the EMM uses an average O&M value of $28.47/kW-year for all solar PV plants and an average 

CAPEX value of zero. Neither dataset captures the most recent trends in solar PV technology due to rapid 

changes in cost, size, and efficiency. 

Solar Thermal  

There are no solar thermal power plants that report operating data in FERC Form 1. Industry-wide, there are a 

limited number of solar thermal projects; a majority of which have been constructed within the last 10 years—

the exception being small test facilities and the Solar Energy Generating Systems (SEGS) plants built in the 

1980s.  

Geothermal 

Overall, the geothermal dataset does not support any age-related CAPEX spending trend across the full data and 

on any of the subsets by plant size. Instead, we recommend a simple average be used across the full age range. 

Sargent & Lundy recommends using the indicated $/kW-year average in Table ES-10 for O&M and CAPEX 

spending. As shown in the table, it appears the EMM does not currently account for CAPEX or life extension 

expenditures for geothermal plants. 
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Table ES-10 — Geothermal CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr) 

Geothermal Dataset Results – All Plants 157.10 - 40.94 198.04 

Existing EMM Value** 91.66 0.00 0.00 91.66 
**Source: Internal communication with EIA, February 2018. 

 

Wind 

The dataset supports age as a statistically significant predictor of O&M spending (on a linear trend across all 

plant ages). Therefore, O&M spending for this dataset may be estimated by the regression equations shown in 

Table ES-11. Age was not a significant predictor of CAPEX spending, although CAPEX was found to vary 

significantly as a function of capacity (kW). That is, CAPEX was lower on a $/kW-year basis for larger plant 

sizes due to economies of scale. 

The CAPEX and O&M values derived from the wind dataset are significantly higher than the existing values 

used in the EMM. The reasons for this discrepancy are not known without having the data sample used for the 

EMM values. Neither data sample is stratified by wind technology or turbine size. Neither dataset captures the 

most recent trends in wind turbine technology due to rapid changes in cost, size, and efficiency.  

Table ES-11 — Wind CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

CAPEX 
(2017 $/kW-yr) 

Wind Dataset Results – All Plants 31.66 + (1.22 × age) 0.00 18.29 

< 100 MW 39.08 + (1.12 × age) 0.00 20.48 

100 MW – 200 MW 23.80 + (1.17 × age) 0.00 16.93 

> 200 MW 26.78 + (0.92 × age) 0.00 13.48 

Existing EMM Value* 29.31 0.00 0.00 
*Source: Internal communication with EIA, February 2018. 
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RECOMMENDED AREAS FOR FURTHER STUDY 

Based on our analyses performed for the update to the EMM treatment of age-related spending, Sargent & 

Lundy identified several areas that warrant further study, including: 

 Impact of regional labor cost differences versus the effects of a regulated/deregulated environment; 

 Compatibility of EMM plant technology and size breakdowns and fixed/variable O&M cost 

breakdowns with proposed EMM updates; 

 Identification of the factors supporting consistently high capacity factors over the plant lives at 

particular coal units; and 

 Impact of aging on plant performance (heat rates, capacity derates, etc.). If capacity factors decline, 

regardless of the causes, this includes examining the impact of the lower capacity factors on plant 

costs and performance.  
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1. INTRODUCTION 

Sargent & Lundy LLC (Sargent & Lundy) was engaged by the Office of Energy Analysis (OEA) of the U.S. 

Energy Information Administration (EIA), an agency within the U.S. Department of Energy (DOE), to conduct 

a study to improve the ability of the Electricity Market Module (EMM) to represent the changing landscape of 

electricity generation and to more accurately represent costs, which will improve projections for generating 

capacity, generator dispatch, and electricity prices. The EMM is a submodule within the EIA’s National Energy 

Modeling System (NEMS), a computer-based energy supply modeling system that is used for the EIA’s Annual 

Energy Outlook (AEO) and other analyses.  

In particular, the purpose of this study was to provide information that may enable the EIA to more accurately 

represent costs associated with operation of the existing fleet of U.S. generators as they age. This includes 

capital expenditures (CAPEX) related to ongoing operations as well as potential increases in operations and 

maintenance (O&M) costs attributable to declining performance due to aging. 

The primary focus of our analysis was existing fossil fuel generators. The study also included existing wind, 

solar, hydro, and other renewable generators. The work scope did not include analysis of nuclear units. 

The generating capacity types represented in the EMM that were included in our analysis comprised: 

 Coal steam plants 

 Gas/oil steam plants 

 Gas/oil combined-cycle (CC) plants  

 Gas/oil combustion turbines (CTs) 

 Conventional hydropower 

 Pumped storage – hydraulic turbine reversible 

 Solar thermal – central tower 

 Solar photovoltaic (PV) – single-axis tracking 

 Geothermal 

 Wind 

This final report is the fourth milestone task of the EMM update project, which is organized as follows: 

 Task 1 – Analysis of publicly available information for use in estimating capital costs related to 

ongoing operations for specified plant types. 
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 Task 2 – Analysis of publicly available information for use in estimating changes in O&M 

expenditures due to aging for specified plant types. 

 Task 3 – Interim report on assembled aging-related capital and O&M costs. 

 Task 4 – Final report on modeling aging-related capital and O&M costs. 
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2. ASSESSMENT METHODOLOGY 

2.1 BACKGROUND 

The EMM currently accounts for power plant aging through a one-time step increase in annual CAPEX. These 

added expenditures are intended to extend the life or preserve the performance of an existing generator, 

including repowering, major repairs or retrofits, and/or covering increases in maintenance required to mitigate 

the adverse effects of aging, including any decreases in plant performance. The portion of the annual CAPEX 

associated with the step increase is referred as “life extension costs.” 

As modeled in the EMM, a generating unit is assumed to retire if the expected revenues from the generator are 

not sufficient to cover the annual going-forward costs and if the overall cost of producing electricity can be 

lowered by building new replacement capacity. The going-forward costs include fuel, O&M costs, and annual 

CAPEX. The average annual CAPEX in the EMM is $0.18 per kilowatt-year (/kW-year) for existing CC plants, 

$9/kW-year for existing gas/oil steam plants, and $18/kW-year for existing coal plants (in constant 2017 

dollars). These amounts are increased to $7.25/kW-year, $16/kW-year, and $25/kW-year, respectively, after a 

plant reaches 30 years of age.6 The average annual CAPEX in the EMM for existing CT plants is $1.52/kW-year 

with no life extension costs. The other generating technologies in the EMM are not currently modeled with 

either CAPEX or life extension costs. 

The existing CAPEX values in the EMM were derived from yearly changes in plant in service accounts reported 

on the Federal Energy Regulatory Commission (FERC) Form No. 1 (“FERC Form 1”).7 The O&M costs in the 

EMM are also derived from FERC Form 1. However, FERC Form 1 does not cover merchant power plants or 

independent power producers (IPPs), leaving a large gap in the data. For example, out of approximately 35,000 

generating units in the U.S., roughly 21,000 (60%) are IPPs. The EIA currently extrapolates data from FERC 

Form 1 to represent all plants covered in the EMM.  

Sargent & Lundy’s update to the EMM treatment of aging examined the potential adaptation of the EMM to 

represent changes in age-related spending patterns by various methods. This examination required the following 

steps: 

1. Gathering of in-house data from independent power projects and other plants, in addition to 

FERC Form 1 data. 

                                                      
6 Internal communication with EIA, February 2018. 
7 FERC Form 1 is an annual regulatory requirement for major electric utilities, licensees, and others designed to collect 

non-confidential financial and operational information. 
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2. Incorporation of O&M and capital spending forecasts by plant owners and operators with 

firsthand knowledge of plant operating history and future needs, thereby extending the range of 

plant operating years over which to characterize spending, compared with FERC Form 1 data that 

is limited to historical data. 

3. Removal of capital spending for major modifications relating to environmental compliance, 

which would be modeled on a case-specific basis. 

4. Identification of the most significant variables affecting age-related spending from commonly 

reported plant data—such as plant capacity (kW), annual generation (megawatt-hours [MWh]), 

age, fuel type, emission controls, and regulatory environment—using regression analysis. 

5. Representation of age-related costs as either fixed ($/kW-year) or variable ($/MWh) according to 

generating technology and typical maintenance practices. 

6. Application of capital spending and/or age-related costs to the EMM representations of long-term 

fixed O&M, variable O&M, and ongoing capital spending for each generating technology. 

The assessment methodology used by Sargent & Lundy for the EMM update included an in-depth process of 

data validation, data normalization, and statistical testing, which is described in detail in the following 

subsections. 

2.2 SOURCES OF COST INFORMATION 

 FERC Form 1 Data 2.2.1

Sargent & Lundy reviewed the FERC Form 1 data through 2016, financial information available from other 

publicly available sources, and detailed in-house project information with which we are familiar. We assembled 

a sufficient volume of source material for each technology in order to characterize the distribution of capital and 

O&M expenditures over the life of a plant.  

We obtained the FERC Form 1 data via ABB’s Velocity Suite EV Power database. Using the available FERC 

Form 1 data, we assessed and summarized the “Cost of Plant” components of the data by major plant type 

category. The “Cost of Plant” components include the following categories of “Electric Plant in Service” 

accounts in FERC Form 1 data, which have been reported annually since the database’s inception:  

 Steam Power Generation – Cost of Plant 

 310 Land and land rights.  

 311 Structures and improvements.  
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 312 Boiler plant equipment.  

 313 Engines and engine-driven generators.  

 314 Turbo generator units.  

 315 Accessory electric equipment.  

 316 Miscellaneous power plant equipment  

 317 Asset retirement costs for steam production plant. 

 Hydraulic Power Generation – Cost of Plant  

 330 Land and land rights.  

 331 Structures and improvements.  

 332 Reservoirs, dams, and waterways.  

 333 Water wheels, turbines, and generators.  

 334 Accessory electric equipment.  

 335 Miscellaneous power plant equipment.  

 336 Roads, railroads, and bridges.  

 337 Asset retirement costs for hydraulic production plant. 

 Other Power Generation – Cost of Plant 

 340 Land and land rights.  

 341 Structures and improvements.  

 342 Fuel holders, producers, and accessories.  

 343 Prime movers.  

 344 Generators.  

 345 Accessory electric equipment.  

 346 Miscellaneous power plant equipment.  

 347 Asset retirement costs for other production plant. 

The sum of these components includes the original construction cost and all ongoing CAPEX. Therefore, each 

annual FERC Form 1 submittal includes the cumulative additions to the “Total Cost of Plant” (TCP). Annual 

changes in the TCP between each submittal year give an indication of the amount of CAPEX for the given year. 

Sargent & Lundy assessed and summarized these annual changes to derive age-related CAPEX, as discussed in 

the following subsections. 

Sargent & Lundy also assessed and summarized the annual O&M expenditures for each technology as reported 

under the “Electric Operation and Maintenance Expenses” accounts in FERC Form 1: 
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 Steam Power Generation – O&M  

 500 Operation supervision and engineering.  

 502 Steam expenses.  

 505 Electric expenses.  

 506 Miscellaneous steam power expenses.  

 507 Rents. 

 509 Allowances. 

 510 Maintenance supervision and engineering.  

 511 Maintenance of structures.  

 512 Maintenance of boiler plant.  

 513 Maintenance of electric plant.  

 514 Maintenance of miscellaneous steam plant. 

 Hydraulic Power Generation – O&M  

 535 Operation supervision and engineering.  

 536 Water for power.  

 537 Hydraulic expenses.  

 538 Electric expenses.  

 539 Miscellaneous hydraulic power generation expenses. 

 540 Rents. 

 541 Maintenance supervision and engineering.  

 542 Maintenance of structures.  

 543 Maintenance of reservoirs, dams, and waterways.  

 544 Maintenance of electric plant.  

 545 Maintenance of miscellaneous hydraulic plant. 

 Other Power Generation – O&M  

 546 Operation supervision and engineering.  

 548 Generation expenses.  

 549 Miscellaneous other power generation expenses.  

 550 Rents.  

 551 Maintenance supervision and engineering.  

 552 Maintenance of structures.  

 553 Maintenance of generating and electric plant.  

 554 Maintenance of miscellaneous other power generation plant.  
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The above O&M expenditures are reported for individual power plants. Administrative and general (A&G) 

expenses in FERC accounts 920 through 935 are reported for the entire utility company. A&G expenses in these 

accounts were not included in this evaluation because of the significant differences in company sizes, mix of 

resources, and methods of allocating costs to individual power plants. In a similar manner, corporate-level A&G 

costs were also excluded from Sargent & Lundy’s internal data. 

The above FERC accounts 500 to 554 correspond to the following fixed and variable O&M components: 

 Fixed O&M 

 Labor 

 Maintenance materials 

 Supplies and miscellaneous expenses 

 Variable O&M 

 Consumables (chemicals, water, waste disposal, etc.) 

 Other costs proportional to generating output 

The FERC accounts do not explicitly break out labor costs, as most of the accounts include both labor and 

non-labor expenditures. Likewise, the FERC accounts are not categorized according to fixed and variable cost 

components. The O&M costs in a given account are combined fixed and variable costs at the reported 

generating output.  

 Sargent & Lundy Internal Data 2.2.2

In addition, Sargent & Lundy compared publicly available, non-fuel-related financial and cost data with a 

characterization of proprietary information with which we are familiar, to the extent permissible by applicable 

confidentiality agreements (information about plant location, equipment type, or plant configuration was never 

disclosed from the proprietary data). We utilized our knowledge of actual projects to assemble a characterization 

of life extension/repowering costs from our in-house data.  

A large portion of the in-house data used in this report was developed from business plan forecasts that capture 

actual budgeted costs for scheduled projects as well as longer-term projections. Historical spending data for 

standalone projects was not usable for this analysis, unless Sargent & Lundy had access to the complete O&M 

or CAPEX spending totals at a given plant for a given year. For consistent comparisons with other plants over 

time, each O&M or CAPEX data point needed to represent a comprehensive total of all spending projects. 
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 Other Data Sources 2.2.3

Other publicly available data sources were searched, including regulated utility filings with public utility 

commissions, routine financial reports for publicly traded companies, utility integrated resource plans, data 

reported by various municipalities and electric cooperatives, and requests for proposals (RFPs) for plant 

improvements at public power entities. Cost data from each of these sources was found to be unsuitable for this 

study for one or more of the following reasons: 

 Cost data was for initial capital investment costs only, with no O&M or ongoing CAPEX spending 

reported; 

 Annual O&M or annual CAPEX amounts were for limited purposes and not representative of a 

complete year; and/or 

 Annual O&M and annual CAPEX amounts were aggregated across business units and not assigned 

to specific plants. 

 Several publications or studies of power plant aging and life extension costs were used, which are cited herein. 

2.3 DATA VALIDATION 

Sargent & Lundy’s approach to validating the FERC Form 1 data involved the following steps (note that 

capitalized words are proper FERC Form 1 terms): 

1. For each Plant/Prime Mover combination (e.g., steam turbine, CC, simple-cycle CT), determine 

the difference between the prior and current year TCP reported in the FERC data. Note that a 

plant can have multiple prime movers on site (e.g., CT units and steam turbine units). Fortunately, 

that data is reported separately. 

2. Flag and invalidate any years where the difference is negative (i.e., a decreasing value of the 

TCP).  

3. Identify if the TCP difference is significantly due to asset retirement costs. If so, flag this plant 

reporting year consider it invalid, as capital would have been spent on non-aging items. 

4. Identify if there has been any year-to-year change in nameplate capacity. If so, flag this plant 

reporting year and consider it invalid, because the TCP would be assumed to be spent on an 

expansion or addition. 

5. Identify if any sulfur dioxide (SO2), nitrogen oxide (NOX), particulate matter (PM), or mercury 

(Hg) control equipment was installed for the plant reporting year. If so, flag that plant reporting 

year and consider it invalid, because capital would have been spent on non-aging items. The year 
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prior to or after the actual emissions control installation date is sometimes flagged as well, 

because of when the spending occurred (this is usually a judgement call). 

6. Identify if any unit at the plant has been retired in a plant reporting year. If so, flag that plant 

reporting year and consider invalid, because capital would have been spent on non-aging items. 

Also, if the plant’s TCP dropped significantly the last few years before retirement, flag those 

plant reporting years and consider them invalid. 

7. Cross-check if any additional units at the plant site (using the same technology) show too great of 

time duration between installed dates of the units. If the first unit and the last unit installed is 

greater than 10 years apart, then flag the data and consider it invalid, because the TCP difference 

would not reflect the actual age of the plant (considered to be the age of the first unit). This was 

flagged as “Removed due to non-equal units at site.” 

8. If any TCP is reported to be zero for most of all of the reporting years of the plant, consider the 

data invalid. 

9. If the TCP difference is highly volatile, flag and invalidate at discretion. For example, if one year 

TCP drops from $2,000/kW-year to $1,000/kW-year and then back to $2,000/kW-year in the year 

after, this would be considered highly volatile for those two reporting years.  

10. If a reporting plant has only one or two years of reported TCP data, flag the plant and do not use 

its data. 

11. If any plant reports negative Total O&M Costs, flag that year and do not use it.  

12. Use only data that is valid for both CAPEX spending and O&M spending in the analysis of 

combined CAPEX and O&M spending. Otherwise, analyze CAPEX spending and O&M 

spending separately. Sargent & Lundy found that a large portion of the data points determined to 

be valid for CAPEX spending were also valid for O&M spending. 

The resulting data points from this validation process are summarized in Table 2-1. 

For each year of plant data, we also compiled the associated nameplate capacity (MW) and annual generation 

(MWh). EIA Form 860 was used to confirm the plant technology, environmental equipment, year in service, and 

other attributes. 
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Table 2-1 — Summary of Valid Data Points 

Technology / (Dataset 
Identifier) 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

Coal (10) 

All MW All 3,713 3,098 3,109 655 615 

< 500 MW All 1,592 1,274 1,284 318 318 

500 MW – 1,000 MW All 986 689 689 337 297 

1000 MW – 2,000 MW All 813 813 814 0 0 

> 2,000 MW All 322 322 322 0 0 

All MW < 50% 965 889 896 76 76 

All MW > 50% 2,748 2,209 2,213 579 539 

Gas/Oil Steam (20) 

All MW All 2,220 2,204 2,226 20 16 

< 500 MW All 1,377 1,361 1,366 20 16 

500 MW – 1,000 MW All 488 488 489 0 0 

> 1,000 MW All 355 355 355 0 0 

Gas/Oil Combined Cycle 
(30) 

All MW All 1,367 980 981 408 387 

< 500 MW All 764 462 463 304 302 

500 MW – 1,000 MW All 547 462 463 104 85 

> 1,000 MW All 177 177 177 0 0 

All MW < 50% 843 661 662 203 182 

All MW > 50% 524 319 319 205 205 

Gas/Oil Combustion 
Turbine (40) 

All MW All 5,041 4,905 4,949 437 136 

< 100 MW All 2,873 2,873 2,911 189 0 

100 MW – 300 MW All 1,341 1,239 1,248 177 102 

> 300 MW All 901 867 875 71 34 

Conventional Hydroelectric 
(50) 

All MW All 2,179 2,179 2,180 0 0 

< 100 MW All 1,272 1,272 1,272 0 0 

100 MW – 500 MW All 924 924 925 0 0 

> 500 MW All 41 41 41 0 0 
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Technology / (Dataset 
Identifier) 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

Pumped Storage 
Hydroelectric (55) 

All MW All 226 226 227 0 0 

< 100 MW All 12 12 12 0 0 

100 MW – 500 MW All 88 88 88 0 0 

> 500 MW All 126 126 126 0 0 

Solar Thermal (60) 
  

0 
    

Solar Photovoltaic (65) All MW All 57 410 57 0 0 

Geothermal (70) 
       

Wind Turbine (80) 

All MW All 310 310 310 270 0 

< 100 MW All 174 174 174 165 0 

100 MW – 200 MW All 91 91 91 56 0 

> 200 MW All 51 51 51 73 0 
Note: A data point is one reported value for one year by one plant, i.e., a plant that reports values for 25 years will have 25 data points. 

 

2.4 DATA NORMALIZATION 

Sargent & Lundy developed a Microsoft Excel model template for compiling and normalizing all of the CAPEX 

and O&M data, subsequent to the initial review and validation steps outlined in the previous sections. The data 

normalization consisted of the following steps: 

Step 1: Assign data “identifiers” for each plant: 

Technology ID: 

 10 = Coal Steam Plants 

 20 = Gas/Oil Steam Plants 

 30 = Gas/Oil CC Plants 

 40 = Gas/Oil CTs 

 50 = Conventional Hydropower; Pumped Storage – Hydraulic Turbine Reversible 

 60 = Solar Thermal – Central Tower;  

 65 = Solar PV – Single-Axis Tracking 

 70 = Geothermal 

 80 = Wind 
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Data source: 

 1 = FERC Form 1 

 2 = Sargent & Lundy Internal Data 

 3 = Other Public Source 

Step 2: Enter basic information for each plant: 

 Year of commercial operation date (COD) 

 End year of project life or forecast period 

 Nameplate capacity (MW) 

 Summer net capacity (MW) 

Step 3: Adjust pricing basis for raw data: 

 If provided in current dollars, adjust to 2017 dollars 

 If provided in 2017 dollars, do not adjust 

 If provided in constant dollars of another reference year, adjust to 2017 dollars 

Step 4: Enter annual data for each plant (any available data from 1980 to 2060, historical or forecasted by plant 

owner): 

 Plant MW (summer) 

 Annual MWh 

 Annual O&M (from FERC Form 1) 

 Annual O&M (from other sources) 

 Annual CAPEX (from FERC Form 1) 

 Annual CAPEX (from other sources) 

 Annual environmental compliance costs 

Using the inputs from Steps 1-4 above, the “Normalizer” worksheet derives the following for each plant: 

 Annual O&M in 2017 $/kW-year versus age (years from COD) 

 Annual CAPEX in 2017 $/kW-year versus age (years from COD) 

 Annual O&M + CAPEX in 2017 $/kW-year versus age (years from COD) 

The output worksheets (“O&M,” “CAPEX,” and “O&M + CAPEX”) each have the following user-selected 

filters: 

 Technology ID (10, 20, 30, etc.) 
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 Data source (1,2, or 3) 

 MW range (low, high) 

 Outlier maximum $/kW 

 Annual O&M + CAPEX in 2017 $/kW-year versus age (years from COD) 

Each output worksheet (“O&M,” “CAPEX,” and “O&M + CAPEX”) calculates the following for a given 

user-defined set of filters: 

 $/kW-year (2017 dollars) versus age 

 Statistical tests of linear curve fit: annual spending in 2017 $/kW-year = $/kW-year (y-intercept) + 

[constant × age (years from COD)] 

 Average $/kW-year (2017 dollars) for age bands (10-year bands, 30-year bands, and all-years band) 

In all cases, the yearly values are expressed in constant 2017 price levels and increase annually with the inflation 

rate. 

2.5 STATISTICAL TESTS 

 Consistency of FERC Form 1 and Sargent & Lundy Internal Data 2.5.1

FERC Form 1 data only covers historical data for utilities that are required to file and does not include the 

owners’ projected expenditures or any data for merchant plants and independent power plants. Most of Sargent 

& Lundy’s proprietary data, on the other hand, covers the owners’ projected expenditures for utility plants and 

includes both historical and projected expenditures for merchant plants and independent power plants. The data 

points from both data sources were judged to be complementary and combined as a single dataset. 

The compatibility of the FERC data and Sargent & Lundy internal data is illustrated by the CAPEX spending for 

a sample of 500-MW coal plants (Figure 2-1). This example is based on a sample of 11 plants from the Sargent 

& Lundy data and 12 plants from the FERC data, each sample having an average plant capacity of 

approximately 500 MW and an average age of approximately 30 years. Each data point in the figure is the 

average value for all the plants that have a valid data point at the given plant age. There are a total of 175 valid 

data points for the FERC plants and 200 valid data points for the Sargent & Lundy plants. In this particular 

sample, all of the FERC data is historical and all of the Sargent & Lundy data is owners’ projected expenditures. 
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Figure 2-1 — CAPEX vs. Age for 500-MW Coal Plants – FERC and Sargent & Lundy Data 

 

As discussed in Section 0, CAPEX spending for coal plants does not follow a uniform pattern for all plants. For 

example, different plants might incur the same type of expense at different points in time due to differences in 

plant-specific economic, locational, or operational circumstances. 

For some utility plants, data was available from both FERC Form 1 and proprietary data. The historical O&M 

and CAPEX spending for these plants were examined in each year to verify their consistency. 

The distribution of valid data points for each technology versus age (years from COD in which the spending 

occurs) was examined to verify consistency with typical plant ages nationwide. Figure 2-2 shows a recent 

distribution of the U.S. power plant fleet by unit age and fuel type as reported by FERC8. This distribution 

indicates a large portion of coal-fired capacity with ages of 30-50 years, and a large portion of gas-fired capacity 

(mostly CT or CC) with ages under 20 years. The valid data points assembled in this report were found to be 

representative of these major age and technology cohorts. 

                                                      
8 North American Electric Reliability Corporation, State of Reliability 2017, June 2017 (p.116) 
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Figure 2-2 — U.S. Power Plant Fleet Capacity by Age and Fuel Type 

 

A recent study found that the average age of the U.S. generator fleet has increased significantly over time, due in 

part to regulatory uncertainty in a deregulated market environment. At the same time, the average expected 

physical life of the fleet has been decreasing as a result of new investments in smaller, shorter-lived capacity. 

This has been a means of mitigating the regulatory risk of more limited stranded cost recovery mechanisms.9 In 

another recent study, this one on the causes of power plant retirements, the strongest predictors of retirements 

were found to be SO2 emission rates, planning reserve margins, variations in load growth or contraction, the age 

of older thermal plants, the ratio of coal to gas prices, and delivered natural gas prices. The impacts of annual 

CAPEX and O&M spending on retirement decisions were not specifically identified.10 

 Significance of Plant Age on Annual Capital and O&M Expenditures 2.5.2

For each technology group, Sargent & Lundy performed a regression analysis on the O&M spending, CAPEX 

spending, and combined O&M plus CAPEX spending using the following linear equation: 

 Annual spending in 2017 $/kW-year = $/kW-year (y-intercept) + (constant × age) 

                                                      
9 Rode, D., Fischbeck, P., and Paez, A., “Power Plant Lives and their Policy Implications,” Energy Policy, 106 (2017) 222-

232, April 1, 2017. 
10 Mills, A., Wiser, R., and Seel, J, “Power Plant Retirements: Trends and Possible Drivers,” Energy Analysis and 

Environmental Impacts Division, Lawrence Berkeley National Laboratory, November 2017. 
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The purpose of the regression analysis was to determine whether plant age is a statistically significant predictor 

of annual spending. The regression coefficient for age measures the change (+ or -) in annual spending as a 

function of plant age, measured as the number of years from the COD. Its statistical significance is measured by 

the p-value, which tests the null hypothesis that the coefficient is equal to zero (i.e., has no effect on spending).  

The R-squared (R2) statistic (“coefficient of determination”) is an indication of the goodness of fit of the 

regression equation to the real data points. A low R2 indicates that the regression equation explains a relatively 

small amount of the variability of the data around its mean. A low p-value (< 0.05) indicates that the age 

coefficient is statistically significant, regardless of the R2 statistic. A low p-value corresponds approximately to 

a t-value that is greater than 2 or less than -2. For higher p-values, the simple average $/kW-year per year may 

be a more appropriate estimation for a given age band (e.g., 20-year bands and all-years band). Depending on 

the characteristics of the dataset, especially the number of data points, Sargent & Lundy applied engineering 

judgement (as further described in each section that follows) in our recommendations.  

 Autocorrelation of Time Series Data 2.5.3

In addition to the correlation between annual spending and plant age, an autocorrelation may also exist between 

spending in a given year and spending in previous years. Autocorrelation commonly occurs with time series 

data. If statistical tests verify the presence of autocorrelation, a lagged (autoregressive) variable may be added to 

improve the goodness of fit (R2) of the regression model. Models with this functional form are referred to as 

“autoregressive integrated moving average” (ARIMA) models. 

ARIMA models are typically constructed for the purpose of predicting the future from a given point in time, 

based on correlations with historical values and other exogenous variables. The functional form of an ARIMA 

model may better capture curvilinear or cyclical data trends and therefore improve the goodness of fit. For the 

purposes of this study, an ARIMA model was not necessary or appropriate. The datasets in this analysis already 

capture plant O&M and CAPEX spending patterns throughout a typical plant lifespan. The purpose of this study 

was to represent costs for generators as they age, and not to predict future spending from a given point in time. 

55/179

Exhibit DG-6



 

 

3-1 
SL-014201 
Coal Steam 

Final v01  

 

 

Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

3. COAL STEAM 

3.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for coal steam plants were compiled using the assessment methodology 

described in Section 2. The valid data points derived from this process were distributed as follows: 

 O&M expenditures: 

 456 plants in FERC data and 32 plants from Sargent & Lundy internal data 

 3,098 valid data points in FERC data, 655 valid data points in Sargent & Lundy internal 

data 

 CAPEX: 

 457 plants in FERC data and 29 plants from Sargent & Lundy internal data 

 3,109 valid data points in FERC data, 615 valid data points in Sargent & Lundy internal 

data 

The coal steam data was broken down by plant MW capacity and average capacity factor—as summarized in 

Table 3-1—for the regression analysis shown in Appendix A.  

Table 3-1 — Coal Steam Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 3,713 3,098 3,109 655 615 

< 500 MW All 1,592 1,274 1,284 318 318 

500 MW – 1,000 MW All 986 689 689 337 297 

1,000 MW – 2,000 MW All 813 813 814 0 0 

> 2,000 MW All 322 322 322 0 0 

All MW < 50% 965 889 896 76 76 

All MW > 50% 2,748 2,209 2,213 579 539 

Table 3-2 below identifies the relative effects in the data validation process of the top three data filters on the 

number of valid data points. These filters are described as follows: 
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 Change in Capacity: A change in nameplate capacity of 20% or more during the reported time of 

the unit. Data points prior to the change in capacity are no longer comparable to the data points 

after the change in capacity, so the entire unit was filtered out. 

 Negative Change in Total Cost: Any year with a decrease in the cumulative historical capital cost 

reported in the FERC data was not included. 

 Environmental Retrofit: Data points in years where SO2, NOX, PM, or Hg removal equipment was 

installed were filtered out. 

Table 3-2 — Effect of Data Validation Filters on Coal Data Points 

Coal Steam – FERC Dataset Data Points 

Total Data Points, Unfiltered 6,699 

Total Data Points, Filtered Out 3,774 

Top Three Filters 
 

Change in Capacity 1,659 

Negative Change in Total Cost 889 

Environmental Retrofit 599 

Total Data Points, Valid (FERC Only) 2,925 

 

3.2 SUMMARY OF RESULTS 

 Recommended CAPEX Values 3.2.1

The analysis of the coal steam dataset (Appendix A) identified two significant variables affecting annual 

changes in real CAPEX spending (on a constant $/kW-year basis): age and flue gas desulfurization (FGD). 

Variables not having a significant effect on annual changes in real CAPEX spending (on a constant $/kW-year 

basis) were: plant capacity (kW), fuel type, and regulatory environment. When CAPEX spending was expressed 

on a constant $/MWh basis, it was significantly related to age, primarily as a result of declining MWh 

generation with age. 

Table 3-3 below compares the new CAPEX values derived from the coal steam dataset with the CAPEX values 

currently used in the EMM. The new CAPEX values are similar in magnitude with the current EMM values 

over the long term, except the new values follow a continuous pattern rather than a step pattern. As discussed 

below, the new values include life extension projects that occur throughout the plant life, including the first 30 

years of operation. 
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Table 3-3 — Coal Steam CAPEX Results – All MW, All Capacity Factors 

Net Total CAPEX 
(2017 $/kW-year) 

$/kW-yr 
(Years 
1-10) 

$/kW-yr 
(Years 
10-20) 

$/kW-yr 
(Years 
20-30) 

$/kW-yr 
(Years 
30-40) 

$/kW-yr 
(Years 
40-50) 

$/kW-yr 
(Years 
50-60) 

$/kW-yr 
(Years 
60-70) 

$/kW-yr 
(Years 
70-80) 

New Value – No FGD* 17.16 18.42 19.68 20.94 22.20 23.46 24.72 25.98 

New Value – with FGD* 22.84 24.10 25.36 26.62 27.88 29.14 30.40 31.66 

Existing EMM Value 17.55 17.55 17.55 24.62 24.62 24.62 24.62 24.62 
*Calculated from the following regression equation to the midpoint of the given age band: 

Annual CAPEX spending in 2017 $/kW-year = 16.53 + (0.126 × age) + (5.68 × FGD) 
Where FGD = 1 if a plant has FGD; zero otherwise 

“Life extension costs” in the existing CAPEX values are covered by the step increase after year 30. Life 

extension costs in the new CAPEX values are distributed throughout the plant life. This is a result of 

discretionary spending, which is a common practice for most coal steam plants. Different plants might incur the 

same type of expense at different points in time due to differences in plant-specific economic, locational, or 

operational circumstances. 

Typical industry-standard frequencies for repairs and replacement of major equipment within a coal plant are 

not absolute, but rather indicative of when a coal plant may be required to perform the work, based on 

manufacturer experience. An owner may choose to perform the work early, if they have an available outage, or 

defer if, after inspection, the equipment appears to be capable of continued operation without repair. 

The new values also account for CAPEX relating to FGD. An FGD system tends to be capital-intensive to own 

and operate. The corrosive environment of chemicals and reagents significantly reduces the life of equipment 

such as pumps, mills, nozzles, valves, etc. These components must be replaced more frequently compared with 

plants without FGD.  

Table 3-4 below provides indicative typical industry-standard frequencies for repairs and replacement of major 

equipment within a coal plant. 
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Table 3-4 — Coal Plant Indicative Typical CAPEX Projects and Intervals 

Project Description 

Typical Frequency of 
Repairs/Replacement 

from COD 
(Years) 

Boiler 

Coal mills and exhausters, burner tips and ignitors 5 

Lower nose tube, burner panels, economizer banks, air heater tubes, and baskets 15 

Lower and upper waterwalls, superheater and reheater horizontal sections and pendants, 
economizer header, coal feeders, mill motors 20 

Superheater and reheater header, feedwater supply piping 25 

Mud and steam drums 30 

Turbine and Generator 
 

Control valves, nozzle block 12 

Electro-hydraulic control system (EHC), governor, turbine controls, generator rotor, turbine 
lubrication pumps 15 

Stop valves, low-pressure (LP) turbine and blades, LP casing/diaphragms, 20 

Steam chest, high-pressure/intermediate-pressure (HP/IP) turbine with blades, HP/IP 
casing/diaphragm, generator stator, exciter 25 

HP/IP rotor, LP rotor, isophase 30 

Balance of Plant 
 

Condensate pumps, cooling tower fill, cooling tower fan drives and blades, conveyor belts, conveyer 
idlers/pulleys/motors, coal crushing equipment 10 

Slag conveyors and tanks 12 

Induced draft (ID) fans, electrostatic precipitator (ESP) casing, ESP plates/wires, deaerator, 
circulating water pumps, boiler feed pumps, distributed control system (DCS)/unit controls, boiler 
master/combustion controls, coal handling dust control system 

15 

Forced draft (FD) fans, primary air (PA) fans, fan motors, windbox and ductwork, ESP 
transformer/rectifier (TR) sets and rappers, condenser valves and cleaner system, LP feedwater 
heaters, HP feedwater heaters, gland coolers, conveyor structures, coal unloading equipment, fuel 
oil heaters, and delivery pumps 

20 

Condenser retube, deaerator storage tank, vacuum pumps/steam air ejectors, pump motors 25 

Main power transformer, auxiliary transformer 30 

 

 Recommended O&M Values 3.2.2

The analysis required an understanding of the cost breakdowns in the reported data between 1) capitalized 

(CAPEX) and expensed (O&M) cost components and 2) fixed O&M and variable O&M cost components. From 

a system modeling perspective, CAPEX and fixed O&M costs are typically expressed in $/kW-year, while 
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variable O&M is typically expressed in $/MWh. Normalized cost breakdowns in these units are necessary for 

compatibility with the EMM. 

O&M costs for the coal steam plants include a significant variable component. By definition, variable O&M 

costs are proportional to plant generation and are typically expressed in $/MWh. As previously mentioned, the 

variable O&M component cannot be clearly delineated from the total reported O&M in the FERC Form 1 data. 

For this assessment, the variable component was combined with the fixed component and expressed in 

$/kW-year. The combined total O&M in the coal steam plant dataset for this analysis was found to be nearly 

equivalent to the existing combined total O&M representation in the EMM, which already includes the 

necessary $/MWh variable O&M breakout (Table 3-5). 

Table 3-5 — Coal Steam O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh)* 

Variable O&M 
(2017 $/kW-yr)** 

Total O&M 
(2017 $/kW-yr)** 

Coal Steam Dataset Results – All Plants 36.81 1.78 9.20 46.01 

< 500 MW 44.21 1.78 9.20 53.41 

500 MW – 1,000 MW 34.02 1.78 9.20 43.22 

1,000 MW – 2,000 MW 28.52 1.78 9.20 37.72 

> 2,000 MW 33.27 1.78 9.20 42.47 

Existing EMM Value*** 40.63 1.78 9.20 49.83 
*Fixed and variable split is estimated using the existing EMM variable O&M cost of $1.78/MWh.  
**Calculated at the coal steam dataset average capacity factor of 59%.  
***Source: Internal communication with EIA, February 2018. 

CAPEX and O&M spending have a relatively minor effect on future non-fuel O&M spending, on average, 

compared with plant performance-related economic benefits not captured in this analysis, such as: 

 Reduced fuel expenditures due to improved heat rates  

 Reduced capacity degradation and higher capacity sales 

 Reduced outage costs due to reduced replacement power expenses or higher power sales 

 Increased power sales due to increased net capacity or reduced forced outages 

 Effect of Plant Capacity Factor 3.2.3

CAPEX and O&M spending for the coal steam plants increased significantly with age when expressed on a 

$/MWh basis. This was primarily a result of significant declines in plant capacity factors over time, as shown in 

Figure 3-1. 
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Figure 3-1 — Capacity Factor vs. Age for All Coal Plants 

 
 

 Effect of External Market Conditions 3.2.4

The declining capacity factors with age may have been a result of external market conditions and/or declining 

plant performance. These are areas for further exploration. 

External market conditions over the same time period that may have contributed to lower capacity factors for 

coal steam plants include: 

 Competition with lower gas prices and more efficient gas turbines 

 Competition with renewable energy having lower dispatch costs 

 Lower load growth due to increased amounts of energy efficiency and distributed resources 

For some coal steam plants, the decline in capacity factor was also a result of less efficient heat rates, increased 

component failures, and increased outage rates over time. A major contributor to this decline in performance is 

often a result of increased cycling operation. Increased cycling leads to higher O&M and CAPEX spending over 

time.11 

External market conditions may have also reduced the number of data points with higher age-related spending, 

due to plant retirements. The least efficient coal steam plants would likely retire under the following 

circumstances: 

                                                      
11 Kumar, N., Besuner, P., Lefton, S., and Agan, D., Power Plant Cycling Costs, National Renewable Energy Laboratory, 

April 2012. 
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 Lower efficiency may contribute to less frequent dispatch and more cycling, leading to more 

component failures and higher spending 

 Less frequent dispatch reduces hours of operation and power sales 

 Lower power sales income may not adequately cover plant fixed costs  

Some of the older coal steam plants (23 in this data sample) maintained consistently high capacity factors 

throughout their lives, with no real increase in spending. These high capacity factor plants had an installed 

capacity ranging from 70 MW to 2,400 MW, with an average of 850 MW and an average COD of 1961. These 

plants are slightly larger and older, on average, than the entire dataset of coal steam plants, which have an 

average installed capacity of 720 MW and an average COD of 1964. Table 3-6 shows the average capacity 

factors and O&M and CAPEX spending for the entire dataset of coal steam plants compared with the older 

consistently high capacity factor plants. 

Table 3-6 — High Capacity Factor Coal Plants – Spending Comparison 

 
Average – All Years Years 1-20 Years 20-40 Years 40-80 

Capacity Factor – All Plants 59.1% 66.8% 64.5% 52.9% 

Capacity Factor – High CF Plants 74.0% - 72.8% 74.4% 

O&M – All Plants (2017 $/kW-yr) 46.01 53.90 40.06 48.77 

CAPEX – All Plants (2017 $/kW-yr) 22.78 17.92 26.20 21.25 

Total – All Plants (2017 $/kW-yr) 68.67 71.86 66.25 69.82 

O&M – High CF Plants (2017 $/kW-yr) 36.65 - 31.07 38.78 

CAPEX – High CF Plants (2017 $/kW-yr) 20.26 - 23.13 19.16 

Total – High CF Plants (2017 $/kW-yr) 57.02 - 54.20 58.10 

Market conditions at the older, high capacity factor plants may have led to fewer competing resources, which 

would support higher levels of dispatch and higher capacity factors. In addition, lower cycling requirements at 

those plants would have reduced spending requirements. 

 Effect of Regulatory Environment 3.2.5

Owners of coal steam plants in deregulated states were found to have no aversion to capital spending compared 

to plant owners in regulated states (see Appendix A). Some of the difference may be due to higher labor costs in 

many of the deregulated states. This is the opposite of what would be expected, whereby plant owners in a 

deregulated environment would have a greater incentive to reduce O&M costs that cannot be passed through to 

ratepayers. The higher O&M spending is likely a result of other factors, such as higher average labor costs in 
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deregulated states, which tend to have a higher percentage of union labor compared with regulated states. 

Therefore, the net effect of regulatory status on average O&M spending was not apparent at this level of detail. 

 Effect of Fuel Characteristics 3.2.6

Sargent & Lundy’s regression analysis compared CAPEX spending for coal steam plants with bituminous and 

subbituminous coal types (Appendix A). The results indicate that average CAPEX spending is not likely 

affected by coal type at a high-level designation (i.e., bituminous/subbituminous) without more detailed coal 

specifications. 
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4. GAS/OIL STEAM 

4.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for gas/oil steam plants were compiled using the assessment 

methodology described in Section 2. The valid data points derived from this process were distributed as follows: 

 O&M Expenditures 

 283 plants in FERC data and four plants from Sargent & Lundy internal data 

 2,204 valid data points in FERC data, 20 valid data points in Sargent & Lundy internal data 

 CAPEX 

 283 plants in FERC data and four plants from Sargent & Lundy internal data 

 2,226 valid data points in FERC data, 16 valid data points in Sargent & Lundy internal data 

The gas/oil steam data was broken down by plant MW capacity, as summarized below in Table 4-1, for the 

regression analysis shown in Appendix B.  

Table 4-1 — Gas/Oil Steam Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 2,220 2,204 2,226 20 16 

< 500 MW All 1,377 1,361 1,366 20 16 

500 MW – 1,000 MW All 488 488 489 0 0 

> 1,000 MW All 355 355 355 0 0 

 

4.2 SUMMARY OF RESULTS 

 Recommended CAPEX Values 4.2.1

Sargent & Lundy’s analysis of the gas/oil steam dataset (Appendix B) identified only one significant variable 

affecting annual changes in real CAPEX spending (on a constant $/kW-year basis): plant capacity (kW). That is, 

CAPEX was lower on a $/kW-year basis for larger plant sizes due to economies of scale. When CAPEX 

spending was expressed on a constant $/MWh basis, it was significantly related to age, primarily as a result of 

declining MWh generation with age. 
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Table 4-2 compares the new CAPEX values derived from the gas/oil steam dataset with the CAPEX values 

currently used in the EMM. The new CAPEX values are similar in magnitude with the current EMM values 

over the long term, except that the new values follow a continuous pattern rather than a step pattern. As 

discussed below, the new values include life extension projects that occur throughout the plant life, including the 

first 30 years of operation. 

Table 4-2 — Gas/Oil Steam CAPEX Results  

Plant Size 

Net Total CAPEX 
(2017 $/kW-year) 

Years 1-30 Years 30-80 

Gas/Oil Steam Dataset Results – All Plants 15.96 15.96 

New Value: < 500 MW 18.86 18.86 

New Value: 500 MW – 1,000 MW 11.57 11.57 

New Value: > 1,000 MW 10.82 10.82 

Existing EMM Value 9.14 16.21 

“Life extension costs” in the existing CAPEX values are covered by the step increase after year 30. Life 

extension costs in the new CAPEX values are distributed throughout the plant life. This is a result of 

discretionary spending, which is a common practice for most gas/oil steam plants. Different plants might incur 

the same type of expense at different points in time due to differences in plant-specific economic, locational, or 

operational circumstances. 

Typical industry-standard frequencies for repairs and replacement of major equipment within a gas/oil steam 

plant are not absolute, but rather indicative of when a gas/oil steam plant may be required to perform the work, 

based on manufacturer experience. An owner may choose to perform the work early, if they have an available 

outage, or defer if, after inspection, the equipment appears to be capable of continued operation without repair. 

Typical industry-standard frequencies for repairs and replacement of major equipment are similar to those of 

coal units, as presented in the previous section. 

The use of a constant annual value on the modeling of annual CAPEX would be similar to representing a major 

maintenance reserve account (MMRA), which is commonly used for non-recourse financing of power projects. 

MMRAs are usually required by power project lenders over the tenor of debt as protection against maintenance 

spending uncertainty. An MMRA is typically funded by annual contributions drawn from a project’s cash flow, 

sometimes as a uniform annual amount. Annual contribution levels are based on estimated long-term 
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maintenance expenditure patterns. Over the long term, annual contributions represent a smoothed version of 

irregular actual annual values. 

The use of a long-term average value also recognizes the inherent variability in long-term spending patterns for 

any given plant. Since the EMM is a large-scale model, it is conceptually designed to represent plant types as 

averages rather than as individual plants. When summed across a large number of plants in a utility system, 

some of the variability in annual expenditure patterns would tend to even out. The level of accuracy between 

average values and year-specific values for a given plant type is nearly equivalent in large-scale models. 

 Recommended O&M Values 4.2.2

The analysis required an understanding of the cost breakdowns in the reported data between 1) capitalized 

(CAPEX) and expensed (O&M) cost components and 2) fixed O&M and variable O&M cost components. From 

a system modeling perspective, CAPEX and fixed O&M costs are typically expressed in $/kW-year, while 

variable O&M is typically expressed in $/MWh. Normalized cost breakdowns in these units are necessary for 

compatibility with the EMM. 

O&M costs for the gas/oil steam plants include a significant variable component, although typically smaller than 

coal units. The combined total O&M in the gas/oil steam plant dataset for this analysis was found to be 

somewhat lower than the existing combined total O&M representation in the EMM, which already includes the 

necessary $/MWh variable O&M breakout (see Table 4-3). However, the variable O&M of $8.23/MWh in the 

EMM is much higher than values Sargent & Lundy has observed in actual gas/oil steam plants and should not be 

higher than the variable O&M of $1.78/MWh in the EMM used for the coal units. 

Table 4-3 — Gas/Oil Steam O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh)* 

Variable O&M 
(2017 $/kW-yr)** 

Total O&M 
(2017 $/kW-yr)** 

Gas/Oil Steam Dataset Results – All Plants 24.68 1.00 1.84 26.52 

< 500 MW 29.73 1.00 1.84 31.57 

500 MW – 1,000 MW 17.98 1.00 1.84 19.82 

> 1,000 MW 14.51 1.00 1.84 16.35 

Existing EMM Value*** 19.68 8.23 15.14 34.82 
*Fixed and variable split is estimated using an approximate value for variable O&M of $1.00/MWh based on confidential projects. 
**Calculated at the gas/oil steam dataset average capacity factor of 21%.  
***Source: Internal communication with EIA, February 2018. 
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CAPEX and O&M spending have a relatively minor effect on future non-fuel O&M spending, on average, 

compared with plant performance-related economic benefits not captured in this analysis, such as: 

 Reduced fuel expenditures due to improved heat rates  

 Reduced capacity degradation and higher capacity sales 

 Reduced outage costs due to reduced replacement power expenses or higher power sales 

 Increased power sales due to increased net capacity or reduced forced outages 

 Effect of Plant Capacity Factor 4.2.3

CAPEX and O&M spending for the gas/oil steam plants increased significantly with age when expressed on a 

$/MWh basis. This was primarily a result of significant declines in plant capacity factors over time, as shown in 

Figure 4-1.  

Figure 4-1 — Capacity Factor vs. Age for All Gas/Oil Steam Plants 

 
 

 Effect of External Market Conditions 4.2.4

The declining capacity factors with age may have been a result of external market conditions and/or declining 

plant performance. These are areas for further exploration. 

External market conditions over the same time period that may have contributed to lower capacity factors for 

gas/oil steam plants include: 

 Competition with more efficient gas turbines 
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 Competition with renewable energy having lower dispatch costs 

 Lower load growth due to increased amounts of energy efficiency and distributed resources 

For some gas/oil steam plants, the decline in capacity factor was also a result of less efficient heat rates, 

increased component failures, and increased outage rates over time. A major contributor to this decline in 

performance is often a result of increased cycling operation. Increased cycling leads to higher O&M and 

CAPEX spending over time. 

External market conditions may have also reduced the number of data points with higher age-related spending, 

due to plant retirements. The least efficient gas/oil steam plants would likely retire under the following 

circumstances: 

 Lower efficiency may contribute to less frequent dispatch and more cycling, leading to more 

component failures and higher spending 

 Less frequent dispatch reduces hours of operation and power sales 

 Lower power sales income may not adequately cover plant fixed costs 
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5. GAS/OIL COMBINED CYCLE 

5.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for gas/oil CC plants were compiled using the assessment methodology 

described in Section 2. The valid data points derived from this process were distributed as follows: 

 O&M Expenditures 

 144 plants in FERC data and 20 plants from Sargent & Lundy internal data 

 980 valid data points in FERC data, 408 valid data points in Sargent & Lundy internal data 

 CAPEX 

 142 plants in FERC data and 17 Sargent & Lundy proprietary plants with valid data 

 981 valid data points in FERC data, 387 valid data points in Sargent & Lundy internal data 

The gas/oil CC data was broken down by plant MW capacity and average capacity factor, as summarized below 

in Table 5-1, for the regression analysis shown in Appendix C.  

Table 5-1 — Gas/Oil CC Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 1,367 980 981 408 387 

< 500 MW All 764 462 463 304 302 

500 MW – 1,000 MW All 547 462 463 104 85 

> 1,000 MW All 177 177 177 0 0 

All MW < 50% 843 661 662 203 182 

All MW > 50% 524 319 319 205 205 
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5.2 SUMMARY OF RESULTS 

As with coal steam and gas/oil steam plants, CAPEX spending for gas/oil CC plants represents a series of 

capital projects throughout the plant life, which includes projects for “life extension.” Most CAPEX spending 

for gas/oil CC plants is for vendor-specified major maintenance events. Other CAPEX spending, other than for 

emission control retrofits, is relatively minor.  

Vendor-specified major maintenance spending is based on cumulative hours of operation and/or cumulative 

starts. Implicitly, CAPEX spending for CC plants is age-related and vendor-specified, and may be expressed as 

an equivalent $/MWh value, which covers:  

 Major maintenance costs for periodic combustion inspections, hot gas path inspections, and major 

overhauls account for nearly all of the CAPEX expenditures. Many plant owners choose to 

capitalize major maintenance expenditures. As these expenditures normally follow the equipment 

vendor’s recommendations, they maintain plant performance and extend the plant life. 

 Major one-time costs include rotor replacement, typically at about 150,000 equivalent operating 

hours, 7,000 equivalent starts, or within the first 30 years of plant operation. These costs are 

captured within the dataset. As gas turbines age, major maintenance parts often become available 

from third-party suppliers at a discounted price.  

As with MMRAs (described in Section 4.2.1), major maintenance contracts are priced according to smoothed 

versions of irregular long-term expenditure patterns. Apart from adjustments for operating conditions, major 

maintenance (and nearly all of the CAPEX) is effectively priced as an equal annual value, expressed in constant 

$/MWh with annual escalation. 

Table 5-2 compares the new CAPEX and O&M values derived from the gas/oil CC dataset with the values 

currently used in the EMM. As previously mentioned, the combined CAPEX and O&M in the dataset would be 

expected to correspond to the combined CAPEX and O&M in the EMM, with most of the CAPEX in the EMM 

represented as variable O&M. However, some of the EMM values are higher than values Sargent & Lundy has 

observed in actual CC plants, as detailed below: 

 The EMM fixed and variable O&M costs for CC plants are reasonable for smaller CC installations 

(< 500 MW) but high for larger plants. 

 The EMM CAPEX addition of $7/kW-year after 30 years of operation should not be represented as 

a fixed cost. As previously mentioned, age-related costs would be built into the $/MWh variable 

O&M and would be a function of cumulative operating hours rather than operating years. 
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Table 5-2 — Gas/Oil CC CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

Variable O&M 
(2017 $/kW-yr)* 

Total O&M 
(2017 $/kW-yr)* 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr)* 

CC Dataset 
Results – All 

Plants 
13.08 3.91 (included in 

CAPEX) 13.08 15.76 28.84 

< 500 MW 15.62 4.31 (included in 
CAPEX) 

15.62 17.38 33.00 

500 MW – 
1,000 MW 9.27 3.42 (included in 

CAPEX) 9.27 13.78 23.05 

> 1,000 MW 11.68 3.37 (included in 
CAPEX) 

11.68 13.57 25.25 

Existing EMM 
Value** 27.52 2.64 10.64 38.16 0.18; 7.25 

(after year 30) 
38.34; 45.41 

(after year 30) 
*Calculated at the gas/oil CC dataset average capacity factor of 46%. Fixed and variable O&M split is estimated. 
**Source: Internal communication with EIA, February 2018.  

CAPEX and O&M spending have a relatively minor effect on future non-fuel O&M spending, on average, 

compared with plant performance-related economic benefits not captured in this analysis, such as: 

 Reduced fuel expenditures due to improved heat rates  

 Reduced capacity degradation and higher capacity sales 

 Reduced outage costs due to reduced replacement power expenses or higher power sales 

 Increased power sales due to increased net capacity or reduced forced outages 
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6. GAS/OIL COMBUSTION TURBINE 

6.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for gas/oil CT plants were compiled using the assessment methodology 

described in Section 2. The valid data points derived from this process were distributed as follows: 

 O&M Expenditures 

 625 plants from FERC data and 27 plants from Sargent & Lundy internal data 

 4,905 valid data points in FERC data, 437 valid data points in Sargent & Lundy internal 

data 

 CAPEX 

 579 plants from FERC data and five plants from Sargent & Lundy internal data 

 4,949 valid data points in FERC data, 136 valid data points in Sargent & Lundy internal 

data 

The CT data was broken down by plant MW capacity, as summarized below in Table 6-1, for the regression 

analysis shown in Appendix D.  

Table 6-1 — Gas/Oil Combustion Turbine Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 5,041 4,905 4,949 437 136 

< 100 MW All 2,873 2,873 2,911 189 0 

100 MW – 300 MW All 1,341 1,239 1,248 177 102 

> 300 MW All 901 867 875 71 34 
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6.2 SUMMARY OF RESULTS 

As with coal steam and gas/oil steam plants, CAPEX spending for gas/oil CT plants represents a series of capital 

projects throughout the plant life, which includes projects for “life extension.” Most CAPEX spending for 

gas/oil CT plants is for vendor-specified major maintenance events. Other CAPEX spending, other than for 

emission control retrofits, is relatively minor. 

Vendor-specified major maintenance spending is based on cumulative hours of operation and/or cumulative 

starts. Implicitly, CAPEX spending for CTs is age-related and vendor-specified, and may be expressed as an 

equivalent $/MWh value, which covers:  

 Major maintenance costs for periodic combustion inspections, hot gas path inspections, and major 

overhauls account for nearly all of the CAPEX expenditures. Many plant owners choose to 

capitalize major maintenance expenditures. As these expenditures normally follow the equipment 

vendor’s recommendations, they maintain plant performance and extend the plant life. 

 Major one-time costs include rotor replacement, typically at about 150,000 equivalent operating 

hours, 7,000 equivalent starts, or within the first 30 years of plant operation. These costs are 

captured within the dataset. As gas turbines age, major maintenance parts often become available 

from third-party suppliers at a discounted price.  

As with MMRAs (described in Section 4.2.1), major maintenance contracts are priced according to smoothed 

versions of irregular long-term expenditure patterns. Apart from adjustments for operating conditions, major 

maintenance (and nearly all of the CAPEX) is effectively priced as an equal annual value, expressed in constant 

$/MWh with annual escalation. 

Table 6-2 compares the new CAPEX and O&M values derived from the gas/oil CT datasets with the values 

currently used in the EMM. As previously mentioned, the combined CAPEX and O&M in the datasets would be 

expected to correspond to the combined CAPEX and O&M in the EMM, with most of the CAPEX in the EMM 

represented as variable O&M. However, EMM fixed and variable O&M costs across all plant sizes are higher 

than values Sargent & Lundy has observed in actual CT plants. Since most CT plants operate as peaking plants 

with low capacity factors, the variable O&M component is likely to be based on equivalent starts rather than 

equivalent operating hours. 

 

73/179

Exhibit DG-6



 

 

6-3 
SL-014201 

Gas/Oil Combustion Turbine 
Final v01  

 

 

Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

Table 6-2 — Gas/Oil Combustion Turbine CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

Variable O&M 
(2017 $/kW-yr)* 

Total O&M 
(2017 $/kW-yr)* 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr)* 

CT Dataset Results 
– All Plants 5.33 (starts based) (included in 

CAPEX) 5.33 6.90 12.23 

< 100 MW 5.96 (starts based) (included in 
CAPEX) 5.96 9.00 14.96 

100 MW – 300 MW 6.43 (starts based) (included in 
CAPEX) 6.43 6.18 12.61 

> 300 MW 3.99 (starts based) (included in 
CAPEX) 

3.99 6.95 10.94 

Existing EMM 
Value** 12.60 14.63 5.13 17.73 1.52 19.25 

*Calculated at the gas/oil CC dataset average capacity factor of 4%. 
**Source: Internal communication with EIA, February 2018. 

CAPEX and O&M spending have a relatively minor effect on future non-fuel O&M spending, on average, 

compared with plant performance-related economic benefits not captured in this analysis, such as: 

 Reduced fuel expenditures due to improved heat rates  

 Reduced capacity degradation and higher capacity sales 

 Reduced outage costs due to reduced replacement power expenses or higher power sales 

 Increased power sales due to increased net capacity or reduced forced outages 
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7. CONVENTIONAL HYDROELECTRIC 

7.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for conventional hydroelectric plants were compiled using the 

assessment methodology described in Section 2. The valid data points derived from this process were distributed 

as follows: 

 O&M Expenditures 

 348 plants in FERC data 

 2,179 valid data points in FERC data 

 CAPEX 

 348 plants in FERC data 

 2,180 valid data points in FERC data 

The conventional hydroelectric data was broken down by plant MW capacity, as summarized below in Table 

7-1, for the regression analysis shown in Appendix E.  

Table 7-1 — Conventional Hydroelectric Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 2,179 2,179 2,180 0 0 

< 100 MW All 1,272 1,272 1,272 0 0 

100 MW – 500 MW All 924 924 925 0 0 

> 500 MW All 41 41 41 0 0 
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7.2 SUMMARY OF RESULTS 

Sargent & Lundy’s linear regression analysis of the dataset for conventional hydroelectric plants (Appendix E) 

supports age as a statistically significant predictor of CAPEX spending (on a linear trend across all plant ages). 

CAPEX spending for this dataset may be estimated by the regression equation: 

Annual CAPEX spending in 2017 $/kW-year = 7.269 + (0.296 × age) 

The dataset also supports age as a statistically significant predictor of O&M spending (on a linear trend across 

all plant ages). Therefore, O&M spending for this dataset may be estimated by the regression equation: 

Annual O&M spending in 2017 $/kW-year = 22.360 + (0.073 × age) 

The CAPEX and O&M values derived from the conventional hydroelectric dataset are significantly higher than 

the existing values used in the EMM (Table 7-2) and outside the range of values published in the AEO12 and by 

the International Renewable Energy Agency (IRENA).13 The reasons for this discrepancy are not known without 

having the data sample used for the EMM values. It appears that the EMM does not currently account for 

CAPEX or life extension expenditures for conventional hydroelectric. 

Table 7-2 — Hydroelectric CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr) 

Conventional Hydroelectric Dataset Results – All Plants 22.00 - 22.56 44.56 

Existing EMM Value* 14.58 0.00 0.00 14.58 
*Source: Internal communication with EIA, February 2018. 

 

 

                                                      
12 Energy Information Administration, Annual Energy Outlook 2018, Cost and Performance Characteristics (Table 8.2), 

February 2018. 
13 International Renewable Energy Agency, Renewable Energy Technologies: Cost Analysis Series, Hydropower, June 

2012. 
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8. PUMPED HYDROELECTRIC STORAGE 

8.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for pumped storage plants were compiled using the assessment 

methodology described in Section 2. The valid data points derived from this process were distributed as follows: 

 O&M Expenditures 

 37 plants in FERC data 

 226 valid data points in FERC data 

 CAPEX 

 37 plants in FERC data 

 227 valid data points in FERC data 

The pumped storage data was broken down by plant MW capacity, as summarized below in Table 8-1, for the 

regression analysis shown in Appendix F.  

Table 8-1 — Pumped Storage Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 226 226 227 0 0 

< 100 MW All 12 12 12 0 0 

100 MW – 500 MW All 88 88 88 0 0 

> 500 MW All 126 126 126 0 0 

 

8.2 SUMMARY OF RESULTS 

Overall, the pumped storage dataset does not support any age-related CAPEX or O&M spending trend across 

the full data and on any of the subsets by plant size. The average value over all operating years is 

$14.83/kW-year for CAPEX and $23.63/kW-year for O&M (Table 8-2). The existing values used in the EMM 

are not available.  
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Table 8-2 — Pumped Storage CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr) 

Pumped Storage Dataset Results – All Plants 23.63 - 14.83 38.46 

Existing EMM Value N/A N/A N/A N/A 
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9. SOLAR PHOTOVOLTAIC 

9.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for solar PV storage plants were compiled using the assessment 

methodology described in Section 2. The FERC data includes 105 solar PV installations ranging in capacity 

from 10 kW to 36 MW.  

The solar PV data, summarized below in Table 9-1, was used for the regression analysis shown in Appendix G.  

Table 9-1 — Solar Photovoltaic Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 57 410 57 0 0 

 

9.2 SUMMARY OF RESULTS 

The solar PV dataset does not support any age-related CAPEX spending trend across the full data and on any of 

the subsets by plant size (see Appendix G). Sargent & Lundy determined that a significant portion of the data 

needed to be filtered out, resulting in a limited dataset of 15 sites. The average annual CAPEX (i.e., change in 

TCP) for these sites was approximately $26/kW-year. However, due to the limitations of the solar PV dataset, 

described in Appendix G, Sargent & Lundy advises that caution be taken when trying to establish any definitive 

solar PV capital cost trends from the FERC data.  

The solar PV dataset appears to support age as a statistically significant predictor of O&M spending (on a linear 

trend across all plant ages). However, based on a closer inspection of the data, a more appropriate predictor of 

O&M spending for this dataset would be a simple average across all years. This determination is based on the 

lack of data points for plants over 10 years old and the fact that nearly all data points for plants over 10 years old 

are reported as having zero O&M expenses. Additionally, many of these plants also reported zero O&M 

expenses for all years of operation. 

Solar PV O&M activities include a variety of work scopes, including administrative work, monitoring, cleaning, 

preventative maintenance, and corrective maintenance. Some specific examples of O&M activities may include 

cleaning modules, monitoring system voltage and current, inspecting and cleaning electrical equipment, 
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inspecting modules for damage, inspecting mounting systems, and checking invertor settings. The cost of O&M 

is dependent on several factors, including the number of components, the type of system (e.g., roof, tracking, 

ground mount, fixed, etc.), warranty coverage, and location. Environmental conditions, such as hail, sand/dust, 

snow, salt in air, high winds, etc., also play a significant role in O&M costs. For these reasons, a higher level of 

variation is expected when compared to traditional generating technologies.  

An average O&M cost of $75/kW-year was calculated from the FERC data for sites under 5 MW, and 

$15/kW-year for sites over 5 MW. Sargent & Lundy notes that, compared to other industry metrics shown in 

Appendix G, the FERC data averages are similar for the sites over 5 MW but much higher for the sites under 5 

MW. 

If the results of the regression analysis are used, the average O&M costs are reduced to $41/kW-year for sites 

under 5 MW and $10/kW-year for sites over 5 MW. The regression analysis uses each year of plant data as a 

unique data point, which captures the years in which zero O&M costs were reported.  

By comparison, the EMM uses an average O&M value of $28.47/kW-year for all solar PV plants and an average 

CAPEX value of zero.14 Neither dataset captures the most recent trends in solar PV technology due to rapid 

changes in cost, size, and efficiency. 

 

 

 

                                                      
14 Internal communication with EIA, February 2018. 
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10. SOLAR THERMAL 

10.1 DATA DESCRIPTION 

There are no solar thermal power plants that report operating data in FERC Form 1. Industry-wide, there are a 

limited number of solar thermal projects; a majority of which have been constructed within the last 10 years—

the exception being small test facilities and the Solar Energy Generating Systems (SEGS) plants built in the 

1980s.  

10.2 SUMMARY OF RESULTS 

The U.S. National Renewable Energy Laboratory (NREL) published an Annual Technology Baseline (ATB) in 

2017 that estimates the capital and O&M cost of a 100-MWnet solar power tower plant with 10 hours of thermal 

storage, based on cost models benchmarked with industry data.15 The estimate includes future projections based 

on possible reductions in costs (high, mid, or low). The 2017 ATB includes a 2015 baseline. An update is 

expected to be made available in 2018. 

 

 

 

 

 

 

                                                      
15 NREL 2017 Annual Technology Baseline (https://atb.nrel.gov/electricity/2017/index.html?t=sc) 
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11. GEOTHERMAL 

11.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for geothermal plants were compiled using the assessment 

methodology described in Section 2. The FERC data includes five geothermal installations ranging in capacity 

from 23 MW to 1,224 MW. 

The geothermal data summarized in Table 11-1 was used for the regression analysis shown in Appendix I.  

Table 11-1 — Geothermal Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 36 38 36 0 0 

 

11.2 SUMMARY OF RESULTS 

Overall, the geothermal dataset does not support any age-related CAPEX spending trend across the full data and 

on any of the subsets by plant size. Instead, we recommend a simple average be used across the full age range. 

Sargent & Lundy recommends using the indicated $/kW-year average in Table 11-2 for O&M and CAPEX 

spending. As shown in the table, it appears the EMM does not currently account for CAPEX or life extension 

expenditures for geothermal plants. 

Table 11-2 — Geothermal CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

CAPEX 
(2017 $/kW-yr) 

Total O&M and 
CAPEX 

(2017 $/kW-yr) 

Geothermal Dataset Results – All Plants 157.10 - 40.94 198.04 

Existing EMM Value* 91.66 0.00 0.00 91.66 
*Source: Internal communication with EIA, February 2018. 
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12. WIND 

12.1 DATA DESCRIPTION 

Annual O&M and CAPEX expenditures for wind plants were compiled using the assessment methodology 

described in Section 2. The valid data points derived from this process were distributed as follows: 

 O&M Expenditures 

 73 plants in FERC and 24 from Sargent & Lundy proprietary plants with valid data 

 310 valid data points in FERC, 270 valid data points in Sargent & Lundy proprietary plants 

 CAPEX 

 97 plants in FERC with valid data 

 310 valid data points in FERC 

Sargent & Lundy’s dataset includes both actual historical cost reporting from operating wind projects as well as 

forecasted budgetary cost projections prepared by project developers and operators with large project portfolios. 

Operating costs are assumed to include all expenses related to the maintenance of the wind project, such as 

planned and unplanned maintenance of the wind turbines and electrical balance of plant (including labor, parts, 

materials, and consumables) as well as operating expenses (such as facility monitoring and management fees, 

utilities, land lease and royalty payments, professional service fees, taxes, and insurance). 

The wind data was broken down by plant MW capacity, as summarized below in Table 12-1, for the regression 

analysis shown in Appendix J.  

Table 12-1 — Wind Cost Data Distribution 

Plant Size 
Average Net 

Capacity 
Factor (%) 

Valid Data 
Points 

FERC Data 
Sargent & Lundy 

Internal Data 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

O&M 
Data 

Points 

CAPEX 
Data 

Points 

All MW All 310 310 310 270 0 

< 100 MW All 174 174 174 165 0 

100 MW – 200 MW All 91 91 91 56 0 

> 200 MW All 51 51 51 73 0 
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12.2 SUMMARY OF RESULTS 

The dataset supports age as a statistically significant predictor of O&M spending (on a linear trend across all 

plant ages). Therefore, O&M spending for this dataset may be estimated by the regression equations shown in 

Table 12-2. Age was not a significant predictor of CAPEX spending, although CAPEX was found to vary 

significantly as a function of capacity (kW). That is, CAPEX was lower on a $/kW-year basis for larger plant 

sizes due to economies of scale. 

The CAPEX and O&M values derived from the wind dataset are significantly higher than the existing values 

used in the EMM. The reasons for this discrepancy are not known without having the data sample used for the 

EMM values. Neither data sample is stratified by wind technology or turbine size. Neither dataset captures the 

most recent trends in wind turbine technology due to rapid changes in cost, size, and efficiency. 

Table 12-2 — Wind CAPEX and O&M Comparison with Existing EMM 

 

Fixed O&M 
(2017 $/kW-yr) 

Variable O&M 
(2017 $/MWh) 

CAPEX 
(2017 $/kW-yr) 

Wind Dataset Results – All Plants 31.66 + (1.22 × age) 0.00 18.29 

< 100 MW 39.08 + (1.12 × age) 0.00 20.48 

100 MW – 200 MW 23.80 + (1.17 × age) 0.00 16.93 

> 200 MW 26.78 + (0.92 × age) 0.00 13.48 

Existing EMM Value* 29.31 0.00 0.00 
*Source: Internal communication with EIA, February 2018. 
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Appendix A. Regression Analysis – Coal Steam 
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CAPITAL EXPENDITURES – ALL PLANT SIZES 

The results of the linear regression analysis of CAPEX spending for coal steam plants of all MW sizes (full 

dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the age 

coefficient (“slope”) is 0.19, which is greater than 0.05, the dataset does not support age as a statistically 

significant predictor of CAPEX spending (on a linear trend across all plant ages). However, age and FGD are 

significant variables when an FGD variable is added to the regression equation (see below). 

Table A-1 — Regression Statistics – Coal CAPEX for All MW 

 
 

t statistic p-value 

Observations 3,724   
Simple Average ($/kW) 22.782   

Intercept 25.499 11.4859 4.95E-30 
Slope -0.069 -1.3054 1.92E-01 

R
2
 0.00046   

 

Figure A-1 — Coal Steam Dataset – CAPEX for All MW Plant Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 
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OPERATIONS & MAINTENANCE EXPENDITURES – ALL PLANT SIZES 

The results of the linear regression analysis of O&M spending for coal steam plants of all MW sizes (full 

dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the age 

coefficient (“slope”) is 0.38, which is greater than 0.05, the dataset does not support age as a statistically 

significant predictor of O&M spending (on a linear trend across all plant ages). 

Table A-2 — Regression Statistics – Coal O&M for All MW 

  
t statistic p-value 

Observations 3,753   
Simple Average ($/kW) 46.013   

Intercept 44.893 33.2097 3.08E-212 
Slope 0.028 0.8843 3.77E-01 

R
2
 0.00021   

 

Figure A-2 — Coal Steam Dataset – O&M for All MW Plant Sizes 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below. 
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing coal steam plants are described in Section 3. 

CAPITAL EXPENDITURES – LESS THAN 500 MW 

The results of the linear regression analysis of CAPEX spending for coal steam plants less than 500 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.28, which is greater than 0.05, the dataset does not support age as a statistically significant 

predictor of CAPEX spending (on a linear trend across all plant ages). 

Table A-3 — Regression Statistics – Coal CAPEX < 500 MW 

  
t statistic p-value 

Observations 1,602   
Simple Average ($/kW) 21.187   

Intercept 25.059 6.5593 7.28E-11 
Slope -0.089 -1.0685 2.85E-01 

R
2
 0.00071   

`

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 

(years 21 - 
40) =

Data 
Points 

(years 41 - 
80) =

Data 

Points (all 

years) =

All MW, All Capacity Factors
Net Total O&M- 2017 $/kW 53.90 40.06 48.77 46.01 440 1,448 1,865 3,753

Net Total Capex - 2017 $/kW 17.92 26.20 21.25 22.78 441 1,450 1,833 3,724

Net Total O&M and Capex - 2017 $/kW 71.86 66.25 69.82 68.67 440 1,448 1,825 3,713
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Figure A-3 — Coal Steam Dataset – CAPEX for Less than 500-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – LESS THAN 500 MW 

The results of the regression analysis of O&M spending for coal steam plants less than 500 MW are summarized 

in the table below and plotted in the figure below. Since the p-value for the age coefficient (“slope”) is less than 

0.05, age is a statistically significant predictor of O&M spending (on a linear trend across all plant ages). 

Therefore, O&M spending for this dataset may be estimated by the following regression equation: 

Annual spending in 2017 $/kW-year = 63.494 + (-0.232 × age) 

 

Table A-4 — Regression Statistics – Coal O&M < 500 MW 

  
t statistic p-value 

Observations 1,592   
Simple Average ($/kW) 53.406   

Intercept 63.494 24.4603 2.03E-112 
Slope -0.232 -4.0977 4.38E-05 

R
2
 0.01045   
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Figure A-4 — Coal Steam Dataset – O&M for Less than 500-MW Plant Size 

 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing coal steam plants are described in Section 3.  
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< 500 MW, All Capacity Factors

Net Total O&M- 2017 $/kW 68.13 47.13 53.16 53.41 169 355 1,068 1,592

Net Total Capex - 2017 $/kW 21.01 22.83 20.67 21.19 169 357 1,076 1,602

Net Total O&M and Capex - 2017 $/kW 89.14 69.91 73.93 74.65 169 355 1,068 1,592
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CAPITAL EXPENDITURES – BETWEEN 500 MW AND 1,000 MW 

The results of the linear regression analysis of CAPEX spending for coal steam plants between 500 MW and 

1,000 MW are summarized in the table below and plotted in the figure below. Since the p-value for the age 

coefficient (“slope”) is 0.26, which is greater than 0.05, the dataset does not support age as a statistically 

significant predictor of CAPEX spending (on a linear trend across all plant ages).  

Table A-5 — Regression Statistics – Coal CAPEX 500 MW to 1,000 MW 

  
t statistic p-value 

Observations 986   
Simple Average ($/kW) 23.021   

Intercept 27.129 6.8576 1.24E-11 
Slope -0.106 -1.1195 2.63E-01 

R
2
 0.00127   

 

Figure A-5 — Coal Steam Dataset – CAPEX for 500-MW to 1,000-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 
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OPERATIONS & MAINTENANCE EXPENDITURES – BETWEEN 500 MW AND 1,000 MW 

The results of the linear regression analysis of O&M spending for coal steam plants between 500 MW and 1,000 

MW are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is less than 0.05, age is a statistically significant predictor of CAPEX spending (on a linear trend 

across all plant ages). Therefore, O&M spending for this dataset may be estimated by the regression equation: 

Annual spending in 2017 $/kW-year = 38.253 + (0.100 × age) 

 

Table A-6 — Regression Statistics – Coal O&M 500 MW to 1,000 MW 

  
t statistic p-value 

Observations 1,026   
Simple Average ($/kW) 42.223   

Intercept 38.253 22.0915 9.54E-89 
Slope 0.100 2.4710 1.36E-02 

R
2
 0.00593   

 

Figure A-6 — Coal Steam Dataset – O&M for 500-MW to 1,000-MW Plant Size 

 
 Note: Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing coal steam plants are described in Section 3. 

CAPITAL EXPENDITURES – BETWEEN 1,000 MW AND 2,000 MW 

The results of the regression analysis of CAPEX spending for coal steam plants between 1,000 MW and 2,000 

MW are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.83, which is greater than 0.05, the dataset does not support age as a statistically significant 

predictor of CAPEX spending (on a linear trend across all plant ages).  

Table A-7 — Regression Statistics – Coal CAPEX 1,000 MW to 2,000 MW 

  
t statistic p-value 

Observations 814   
Simple Average ($/kW) 23.448   

Intercept 22.453 4.6325 4.21E-06 
Slope 0.030 0.2174 8.28E-01 

R
2
 0.00006   

 

`

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 

(years 21 - 
40) =

Data 
Points 

(years 41 - 
80) =

Data 

Points (all 

years) =

500 MW - 1000 MW, All Capacity Factors

Net Total O&M- 2017 $/kW 38.15 42.09 43.40 42.22 138 369 519 1,026

Net Total Capex - 2017 $/kW 12.27 32.63 18.71 23.02 138 369 479 986

Net Total O&M and Capex - 2017 $/kW 50.41 74.72 60.65 64.49 138 369 479 986
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Figure A-7 — Coal Steam Dataset – CAPEX for 1,000-MW to 2,000-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – BETWEEN 1,000 MW AND 2,000 
MW 

The results of the regression analysis of O&M spending for coal steam plants between 1,000 MW and 2,000 

MW are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across 

all plant ages). Therefore, O&M spending for this dataset may be estimated by the regression equation: 

Annual spending in 2017 $/kW-year = 44.494 + (-0.202 × age) 

 

Table A-8 — Regression Statistics – Coal O&M 1,000 MW to 2,000 MW 

  
t statistic p-value 

Observations 813   
Simple Average ($/kW) 37.722   

Intercept 44.494 14.7620 7.42E-44 
Slope -0.202 -2.3785 1.76E-02 

R
2
 0.00693   

 

y = 0.0297x + 22.453
R² = 6E-05
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Figure A-8 — Coal Steam Dataset – O&M for 1,000-MW to 2,000-MW Plant Size 

 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing coal steam plants are described in Section 3.  

y = -0.2021x + 44.494
R² = 0.0069
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20) =
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40) =
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$/kW 
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80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 

(years 21 - 
40) =

Data 
Points 

(years 41 - 
80) =

Data 

Points (all 

years) =

1000 MW - 2000 MW, All Capacity Factors

Net Total O&M- 2017 $/kW 53.51 32.80 40.62 37.72 107 478 228 813

Net Total Capex - 2017 $/kW 22.56 23.31 24.16 23.45 108 478 228 814

Net Total O&M and Capex - 2017 $/kW 76.28 56.11 64.78 61.20 107 478 228 813
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CAPITAL EXPENDITURES – GREATER THAN 2,000 MW 

The results of the regression analysis of CAPEX spending for coal steam plants greater than 2,000 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is less than 0.05, age is a statistically significant predictor of CAPEX spending. However, the linear 

regression analysis shows the intercept value (i.e., the CAPEX cost during the first year) to be less than zero. 

This is because of the lack of data for plant ages up to 20 years—the limited amount of data causes the 

regression analysis to be distorted and unrealistic. 

Table A-9 — Regression Statistics – Coal CAPEX > 2,000 MW 

  
t statistic p-value 

Observations 322   
Simple Average ($/kW) 28.303   

Intercept -8.891 -0.8468 3.98E-01 
Slope 1.162 3.6556 3.00E-04 

R
2
 0.04009   

 

Figure A-9 — Coal Steam Dataset – CAPEX for Greater than 2,000-MW Plant Size 

 

 

y = 1.1619x - 8.8912
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OPERATIONS & MAINTENANCE EXPENDITURES – GREATER THAN 2,000 MW 

The results of the regression analysis of O&M spending for coal steam plants greater than 2,000 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.59, which is greater than 0.05, the dataset does not support age as a statistically significant 

predictor of O&M spending (on a linear trend across all plant ages).  

Table A-10 — Regression Statistics – Coal O&M > 2,000 MW 

  
t statistic p-value 

Observations 322   
Simple Average ($/kW) 42.474   

Intercept 39.987 8.3303 2.39E-15 
Slope 0.078 0.5348 5.93E-01 

R
2
 0.00089   

 

Figure A-10 — Coal Steam Dataset – O&M for Greater than 2,000-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

y = 0.0777x + 39.987
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing coal steam plants are described in Section 3. 

CAPITAL EXPENDITURES – CAPACITY FACTOR LESS THAN 50% 

The results of the regression analysis of CAPEX spending for coal steam plants of all MW sizes and with 

capacity factors less than 50% are summarized in the table below and plotted in the figure below. Since the 

p-value for the age coefficient (“slope”) is 0.87, which is greater than 0.05, age is not a statistically significant 

predictor of CAPEX spending.  

Table A-11 — Regression Statistics – Coal CAPEX for Capacity Factor < 50% 

 
 

t statistic p-value 

Observations 972   
Simple Average ($/kW) 21.063   

Intercept 20.027 3.1188 1.87E-03 
Slope 0.022 0.1663 8.68E-01 

R
2
 0.00003   

 

`

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 

(years 21 - 
40) =

Data 
Points 

(years 41 - 
80) =

Data 

Points (all 

years) =

> 2000 MW, All Capacity Factors

Net Total O&M- 2017 $/kW 46.55 40.91 48.04 42.47 26 246 50 322

Net Total Capex - 2017 $/kW 8.65 27.06 44.64 28.30 26 246 50 322

Net Total O&M and Capex - 2017 $/kW 55.20 67.97 92.67 70.78 26 246 50 322
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Figure A-11 — Coal Steam Dataset – CAPEX for All Plants with Avg. Net Capacity Factor < 50% 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – CAPACITY FACTOR LESS THAN 
50% 

The results of the regression analysis of O&M spending for coal steam plants of all MW sizes and with capacity 

factors less than 50% are summarized in the table below and plotted in the figure below. Since the p-value for 

the age coefficient (“slope”) is 0.26, which is greater than 0.05, age is not a statistically significant predictor of 

O&M spending.  

Table A-12 — Regression Statistics – Coal O&M for Capacity Factor < 50% 

  
t statistic p-value 

Observations 965   
Simple Average ($/kW) 49.454   

Intercept 54.374 12.0380 3.43E-31 
Slope -0.105 -1.1234 2.62E-01 

R
2
 0.00131   
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Figure A-12 — Coal Steam Dataset – O&M for All Plants with Avg. Net Capacity Factor < 50% 

 
Note: Age coefficient in above regression equation is not statistically significant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing coal steam plants are described in Section 3. 

 

 

y = -0.1053x + 54.374
R² = 0.0013
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20) =
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Points 
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Data 
Points 

(years 41 - 
80) =

Data 

Points (all 

years) =

All MW, Capacity Factors 0 - 50%

Net Total O&M- 2017 $/kW 76.43 40.01 50.07 49.45 45 177 743 965

Net Total Capex - 2017 $/kW 19.62 23.74 20.51 21.06 45 179 748 972

Net Total O&M and Capex - 2017 $/kW 96.04 63.66 70.63 70.54 45 177 743 965
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CAPITAL EXPENDITURES – CAPACITY FACTOR GREATER THAN 50% 

The results of the regression analysis of CAPEX spending for coal steam plants of all MW sizes and with 

capacity factors greater than 50% are summarized in the table below and plotted in the figure below. Since the 

p-value for the age coefficient (“slope”) is 0.25, which is greater than 0.05, age is not a statistically significant 

predictor of CAPEX spending.  

Table A-13 — Regression Statistics – Coal CAPEX for Capacity Factor > 50% 

  
t statistic p-value 

Observations 2752   
Simple Average ($/kW) 23.389   

Intercept 25.947 10.7905 1.29E-26 
Slope -0.070 -1.1446 2.52E-01 

R
2
 0.00048   

 

Figure A-13 — Coal Steam Dataset – CAPEX for All Plants with Avg. Net Capacity Factor > 50% 

 
Note: Age coefficient in above regression equation is not statistically significant. 
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OPERATIONS & MAINTENANCE EXPENDITURES – CAPACITY FACTOR GREATER 
THAN 50% 

The results of the regression analysis of O&M spending for coal steam plants of all MW sizes and with capacity 

factors greater than 50% are summarized in the table below and plotted in the figure below. Since the p-value 

for the age coefficient (“slope”) is 0.85, which is greater than 0.05, age is not a statistically significant predictor 

of O&M spending. 

Table A-14 — Regression Statistics – Coal O&M for Capacity Factor > 50% 

 
 

t statistic p-value 

Observations 2788   
Simple Average ($/kW) 44.822   

Intercept 44.575 32.6995 8.78E-199 
Slope 0.007 0.1954 8.45E-01 

R
2
 0.00001   

 

Figure A-14 — Coal Steam Dataset – O&M for All Plants with Avg. Net Capacity Factor > 50% 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

y = 0.0067x + 44.575
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing coal steam plants are described in Section 3. 

CAPITAL EXPENDITURES – REGULATED VS. DEREGULATED 

The results of the regression analysis of CAPEX spending for coal steam plants of all MW sizes (full dataset) in 

regulated versus deregulated locations are summarized in the table below. Since the p-value for the age 

(“slope”) and regulation/deregulation coefficients are much greater than 0.05, age and regulatory status are not 

statistically significant predictors of CAPEX spending. 

Table A-15 — Regression Statistics – Coal CAPEX for Regulated/Deregulated 

 
Coefficients Standard Error t Stat P-Value 

Intercept 23.22826383 2.9645403 7.835367875 6.36821E-15 
Age 0.097334249 0.064355791 1.512439626 0.130523796 

Reg./Dereg. (1/0) -2.479225741 2.148990587 -1.153669893 0.248724297 

 

Figure A-15 — Coal Steam Dataset – CAPEX for Regulated/Deregulated 

 

`

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 

(years 21 - 
40) =

Data 
Points 

(years 41 - 
80) =

Data 

Points (all 

years) =

All MW, Capacity Factors 50% - 100%

Net Total O&M- 2017 $/kW 51.33 40.07 47.92 44.82 395 1,271 1,122 2,788

Net Total Capex - 2017 $/kW 17.73 26.55 21.75 23.39 396 1,271 1,085 2,752

Net Total O&M and Capex - 2017 $/kW 69.11 66.62 69.25 68.01 395 1,271 1,082 2,748
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OPERATIONS & MAINTENANCE EXPENDITURES – REGULATED VS. DEREGULATED 

The regression analysis of O&M expenditures indicates that the p-value for the age (“slope”) and 

regulated/deregulated coefficients are much less than 0.05 (i.e., statistically significant). However, the outliers 

before year 20 may tend to distort the regression analysis. After year 20, a visual inspection of the data points 

indicates higher O&M spending in deregulated states compared with regulated states (Figure A-16). This is the 

opposite of what would be expected, whereby plant owners in a deregulated environment would have a greater 

incentive to reduce O&M costs that cannot be passed through to ratepayers. The higher O&M spending is likely 

a result of other factors, such as higher average labor costs in deregulated states, which tend to have a higher 

percentage of union labor compared with regulated states. Therefore, the net effect of regulatory status on 

average O&M spending is not apparent at this level of detail. 

Figure A-16 — Coal Steam Dataset – O&M for Regulated vs. Deregulated 

 
 

CAPITAL EXPENDITURES – FGD VS. NO FGD 

The results of the regression analysis of CAPEX spending for coal steam plants of all MW sizes (full dataset) 

with and without FGD are summarized in the table below. The p-value for the age (“slope”) coefficient is 

slightly greater than 0.05 (nearly statistically significant) while the p-value for the FGD/no-FGD coefficient is 

much less than 0.05 (statistically significant). A visual inspection of the difference between the FGD and 

no-FGD data points in Figure A-17 shows a similarity in CAPEX spending amounts across all ages. Therefore, 

average CAPEX spending may be represented by the following regression equation: 

Annual CAPEX spending in 2017 $/kW-year = 16.53 + (0.126 × age) + (5.68 × FGD) 
Where FGD = 1 if plant has FGD; zero otherwise 
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Table A-16 — Regression Statistics – Coal CAPEX for FGD/No FGD 

 
Coefficients Standard Error t Stat P-Value 

Intercept 16.52586075 3.06139723 5.39814323 7.2399E-08 
Age 0.126266024 0.065143952 1.93826166 0.05268181 

FGD/No FGD (1/0) 5.6788887 1.913609818 2.96763146 0.00302395 

 

Figure A-17 — Coal Steam Dataset – CAPEX for FGD/No FGD 

 
 

OPERATIONS & MAINTENANCE EXPENDITURES – FGD VS. NO FGD 

The regression analysis of O&M expenditures indicates that the p-value for the age (“slope”) and FGD/no-FGD 

coefficients are much less than 0.05 (i.e., statistically significant). However, outliers before year 15 may tend to 

distort the regression analysis. A visual inspection of the difference between the FGD and no-FGD data points in 

Figure A-18 shows a similarity in O&M spending amounts across all ages after year 15. The differences in 

annual coal plant spending due to having FGD is more significant in the CAPEX accounts, as shown in the 

previous subsection, rather than the O&M accounts. 
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Figure A-18 — Coal Steam Dataset – O&M for FGD vs. No FGD 

 
 

CAPITAL EXPENDITURES – BITUMINOUS VS. SUBBITUMINOUS 

The results of the regression analysis of CAPEX spending for coal steam plants of all MW sizes (full dataset) in 

bituminous versus subbituminous coal types are summarized in the table below. The p-value for the age 

(“slope”) coefficient is much greater than 0.05 (not statistically significant), while the p-value for the 

bituminous/subbituminous coefficient is much less than 0.05 (statistically significant). However, the outliers 

before year 20 may tend to distort the regression analysis. Further, a visual inspection of the difference between 

the bituminous and subbituminous data points in Figure A-19 shows a similarity in CAPEX spending amounts 

across all ages. Therefore, average CAPEX spending is not likely affected by coal type at a high-level 

designation (i.e., bituminous/subbituminous) without more detailed coal specifications. 

Table A-17 — Regression Statistics – Coal CAPEX for Bituminous/Subbituminous 

 
Coefficients Standard Error t Stat P-Value 

Intercept 15.39252046 2.257695952 6.817800442 1.08205E-11 
Age -0.00350504 0.054578287 -0.064220408 0.948798346 

Bit./Sub. (1/0) 10.93481186 1.525466511 7.168175624 9.20398E-13 
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Figure A-19 — Coal Steam Dataset – CAPEX for Bituminous/Subbituminous 

 
 

OPERATIONS & MAINTENANCE EXPENDITURES – BITUMINOUS VS. SUBBITUMINOUS 

The regression analysis of O&M expenditures indicates that the p-value for the age (“slope”) and 

bituminous/subbituminous coefficients are much less than 0.05 (statistically significant). However, as with 

CAPEX spending, the outliers before year 20 may tend to distort the regression analysis. Further, a visual 

inspection of the difference between the bituminous and subbituminous data points in Figure A-20 shows a 

similarity in O&M spending amounts across all ages. Therefore, average O&M spending is not likely affected 

by coal type at a high-level designation (i.e., bituminous/subbituminous) without more detailed coal 

specifications. 
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Figure A-20 — Coal Steam Dataset – O&M for Bituminous vs. Subbituminous 

 
 

EFFECT OF PLANT CAPACITY FACTOR 

CAPEX and O&M spending for the coal steam plants increased significantly with age when expressed on a 

$/MWh basis. This was primarily a result of significant declines in plant capacity factors over time. Figure A-21 

and Figure A-22 indicate real annual increases in CAPEX and O&M spending for the coal steam plants in 

constant 2017 $/MWh versus plant age, with linear regression results as follows: 

 Annual CAPEX in 2017 $/MWh = 3.27 + (0.0426 × age) 

 Annual O&M in 2017 $/MWh = 5.44 + (0.133 × age) 

Figure A-21 — CAPEX vs. Age for All MW Coal Plants (2017 $/MWh) 
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Figure A-22 — O&M vs. Age for All Coal Plants (2017 $/MWh) 

 

In both of the above regression results, the age coefficient was found to be statistically significant. This was 

determined to be a result of the average decline in capacity factors for the coal steam plants, as shown in Figure 

A-23. A similar decline also occurred with the gas/oil steam plants, as shown in Figure A-24.  

Figure A-23 — Capacity Factor vs. Age for All Coal Plants 
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Figure A-24 — Capacity Factor vs. Age for All Gas/Oil Steam Plants 
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Appendix B. Regression Analysis – Gas/Oil Steam 
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CAPITAL EXPENDITURES – ALL PLANT SIZES 

The results of the regression analysis of CAPEX spending for gas/oil steam plants of all MW sizes (full dataset) 

are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.29, which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending.  

Table B-1 — Regression Statistics – Gas/Oil Steam CAPEX for All MW 

 
 

t statistic p-value 

Observations 2,226   
Simple Average ($/kW) 15.955   

Intercept 10.504 1.9741 4.85E-02 
Slope 0.122 1.0551 2.91E-01 

R
2
 0.00050   

 

Figure B-1 — Gas/Oil Steam Dataset – CAPEX for All Plant MW Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – ALL PLANT SIZES 

The results of the linear regression analysis of O&M spending for gas/oil steam plants of all MW sizes (full 

dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the age 

coefficient (“slope”) is less than 0.05, age is a statistically significant predictor of O&M spending (on a linear 

trend across all plant ages). However, the limited number of data points before year 20 may distort the 

regression analysis.  
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Table B-2 — Regression Statistics – Gas/Oil Steam O&M for All MW 

  
t statistic p-value 

Observations 2,224   
Simple Average ($/kW) 26.723   

Intercept 12.661 3.8863 1.05E-04 
Slope 0.315 4.4455 9.20E-06 

R
2
 0.00882   

 

Figure B-2 — Gas/Oil Steam Dataset – O&M for All Plant MW Sizes 

 
Note: Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil steam plants are described in Section 4. 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data 

Points (all 

years) =

All MW, All Capacity Factors
Net Total O&M- 2017 $/kW 39.39 23.48 28.18 26.72 19 733 1,472 2,224

Net Total Capex - 2017 $/kW 8.91 14.18 16.93 15.96 19 733 1,474 2,226

Net Total O&M and Capex - 2017 $/kW 48.30 37.53 45.10 42.63 19 731 1,470 2,220
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CAPITAL EXPENDITURES – LESS THAN 500 MW 

The results of the regression analysis of CAPEX spending for gas/oil steam plants less than 500 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.32, which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending.  

Table B-3 — Regression Statistics – Gas/Oil Steam CAPEX < 500 MW 

  
t statistic p-value 

Observations 1382   
Simple Average ($/kW) 18.392   

Intercept 27.202 3.1265 1.81E-03 
Slope -0.178 -0.9867 3.24E-01 

R
2
 0.00071   

 

Figure B-3 — Gas/Oil Steam Dataset – CAPEX for Less than 500-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

OPERATIONS & MAINTENANCE EXPENDITURES – LESS THAN 500 MW 

The results of the linear regression analysis of O&M spending for gas/oil steam plants less than 500 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.90, which is greater than 0.05, age is not a statistically significant predictor of O&M spending (on 

a linear trend across all plant ages). 
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Table B-4 — Regression Statistics – Gas/Oil Steam O&M < 500 MW 

  
t statistic p-value 

Observations 1,381   
Simple Average ($/kW) 31.827   

Intercept 31.143 5.7925 8.58E-09 
Slope 0.015 0.1305 8.96E-01 

R
2
 0.00001   

 

Figure B-4 — Gas/Oil Steam Dataset – O&M for Less than 500-MW Plant Size 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil steam plants are described in Section 4. 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data 

Points (all 

years) =

< 500 MW, All Capacity Factors
Net Total O&M- 2017 $/kW 88.54 33.36 30.98 31.83 7 324 1,050 1,381

Net Total Capex - 2017 $/kW 17.44 22.13 17.82 18.83 7 324 1,051 1,382

Net Total O&M and Capex - 2017 $/kW 105.98 55.32 48.78 50.60 7 322 1,048 1,377
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CAPITAL EXPENDITURES – BETWEEN 500 MW AND 1,000 MW 

The results of the regression analysis of CAPEX spending for gas/oil steam plants between 500 MW and 1,000 

MW are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is less than 0.05, age is a statistically significant predictor of CAPEX spending. However, the 

regression analysis shows the intercept value (i.e., the CAPEX cost during the first year) to be less than zero. 

This is because of the lack of data for plant ages up to 20 years—the limited amount of data causes the 

regression analysis to be distorted and unrealistic. 

Table B-5 — Regression Statistics – Gas/Oil Steam CAPEX 500 MW to 1,000 MW 

  
t statistic p-value 

Observations 489   
Simple Average ($/kW) 11.570   

Intercept -8.988 -1.4118 1.59E-01 
Slope 0.501 3.3322 9.27E-04 

R
2
 0.02229   

 

Figure B-5 — Gas/Oil Steam Dataset – CAPEX for 500-MW to 1,000-MW Plant Size 
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OPERATIONS & MAINTENANCE EXPENDITURES – BETWEEN 500 MW AND 1,000 MW 

The results of the regression analysis of O&M spending for gas/oil steam plants between 500 MW and 1,000 

MW are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is less than 0.05, age is a statistically significant predictor of O&M spending. However, the regression 

analysis shows the intercept value (i.e., the O&M cost during the first year) to be less than zero. This is because 

of the lack of data for plant ages up to 20 years—the limited data causes the regression analysis to be distorted.  

Table B-6 — Regression Statistics – Gas/Oil Steam O&M 500 MW to 1,000 MW 

  
t statistic p-value 

Observations 488   
Simple Average ($/kW) 19.823   

Intercept -1.776 -0.4606 6.45E-01 
Slope 0.527 5.7810 1.33E-08 

R
2
 0.06434   

 

Figure B-6 — Gas/Oil Steam Dataset – O&M for 500-MW to 1,000-MW Plant Size 

 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil steam plants are described in Section 4. 

CAPITAL EXPENDITURES – GREATER THAN 1,000 MW 

The results of the regression analysis of CAPEX spending for gas/oil steam plants greater than 1,000 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.24, which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending.  

Table B-7 — Regression Statistics – Gas/Oil Steam CAPEX > 1,000 MW 

  
t statistic p-value 

Observations 355   
Simple Average ($/kW) 10.815   

Intercept 2.743 0.3846 7.01E-01 
Slope 0.203 1.1660 2.44E-01 

R
2
 0.00384   

 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data 

Points (all 

years) =

500 MW - 1000 MW, All Capacity Factors

Net Total O&M- 2017 $/kW 10.10 15.82 23.61 19.82 7 225 256 488

Net Total Capex - 2017 $/kW 1.94 6.32 16.43 11.57 7 225 257 489

Net Total O&M and Capex - 2017 $/kW 12.04 22.14 40.07 31.40 7 225 256 488
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Figure B-7 — Gas/Oil Steam Dataset – CAPEX for Greater than 1,000-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – GREATER THAN 1,000 MW 

The results of the regression analysis of O&M spending for gas/oil steam plants greater than 1,000 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across 

all plant ages). However, the limited number of data points before year 20 may distort the regression analysis.  

Table B-8 — Regression Statistics – Gas/Oil Steam O&M > 1,000 MW 

  
t statistic p-value 

Observations 355   
Simple Average ($/kW) 16.353   

Intercept 9.374 5.1812 3.71E-07 
Slope 0.176 3.9752 8.53E-05 

R
2
 0.04285   
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Figure B-8 — Gas/Oil Steam Dataset – O&M for Greater than 1,000-MW Plant Size 

 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil steam plants are described in Section 4. 
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Points 
(years 

41 - 80) 
=

Data 

Points (all 
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> 1000 MW, All Capacity Factors

Net Total O&M- 2017 $/kW 11.59 15.44 17.50 16.35 5 184 166 355

Net Total Capex - 2017 $/kW 6.70 9.78 12.09 10.82 5 184 166 355

Net Total O&M and Capex - 2017 $/kW 18.29 25.22 29.60 27.17 5 184 166 355
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CAPITAL EXPENDITURES – ALL PLANT SIZES 

The results of the regression analysis of CAPEX spending for gas/oil CC plants of all MW sizes (full dataset) 

are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.63, which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending.  

Table C-1 — Regression Statistics – CC CAPEX for All MW 

  
t statistic p-value 

Observations 1,368   
Simple Average ($/kW) 15.765   

Intercept 15.134 9.2176 1.11E-19 
Slope 0.041 0.4853 6.28E-01 

R
2
 0.00017   

 

Figure C-1 — Gas/Oil CC Dataset – CAPEX for All Plant MW Sizes 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – ALL PLANT SIZES 

The results of the linear regression analysis of O&M spending for gas/oil CC plants of all MW sizes (full 

dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the age 

coefficient (“slope”) is much lower than 0.05, the dataset appears to support age as a statistically significant 

predictor of O&M spending (on a linear trend across all plant ages).  
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Table C-2 — Regression Statistics – CC O&M for All MW 

  
t statistic p-value 

Observations 1,388 
  Simple Average ($/kW) 13.080 
  Intercept 15.597 24.8961 2.19E-113 

Slope -0.159 -5.0573 4.82E-07 
R

2
 0.01812 

   

Figure C-2 — Gas/Oil CC Dataset – O&M for All Plant MW Sizes 

 
Note: Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data Points 

(all years) =

All MW, All Capacity Factors
Net Total O&M- 2017 $/kW 14.16 10.56 10.26 13.08 978 344 66 1,388

Net Total Capex - 2017 $/kW 15.45 16.37 17.56 15.76 979 326 63 1,368

Net Total O&M and Capex - 2017 $/kW 29.64 27.24 28.19 29.00 976 326 63 1,365
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CC plants are described in Section 5. 

CAPITAL EXPENDITURES – LESS THAN 500 MW 

The results of the regression analysis of CAPEX spending for gas/oil CC plants under 500 MW are summarized 

in the table below and plotted in the figure below. Since the p-value for the age coefficient (“slope”) is 0.76, 

which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending.  

Table C-3 — Regression Statistics – CC CAPEX < 500 MW 

  
t statistic p-value 

Observations 765 
  Simple Average ($/kW) 17.378 
  Intercept 16.747 6.4870 1.57E-10 

Slope 0.036 0.3007 7.64E-01 
R

2
 0.00012 

   

Figure C-3 — Gas/Oil CC Dataset – CAPEX for Less than 500-MW Plant Size 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 
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OPERATIONS & MAINTENANCE EXPENDITURES – LESS THAN 500 MW 

The results of the regression analysis of O&M spending for gas/oil CC plants less than 500 MW are summarized 

in the table below and plotted in the figure below. Since the p-value for the age coefficient (“slope”) is less than 

0.05, age is a statistically significant predictor of O&M spending (on a linear trend across all plant ages). 

However, the outliers before year 20 and relatively low number of data points after year 40 may distort the 

regression analysis.  

Table C-4 — Regression Statistics – CC O&M < 500 MW 

  
t statistic p-value 

Observations 766   
Simple Average ($/kW) 15.619   

Intercept 19.163 25.2973 4.82E-103 
Slope -0.201 -5.7467 1.31E-08 

R
2
 0.04143   

 

Figure C-4 — Gas/Oil CC Dataset – O&M for Less than 500-MW Plant Size 

 
Note: Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CC plants are described in Section 5. 

CAPITAL EXPENDITURES – BETWEEN 500 MW AND 1,000 MW 

The results of the regression analysis of CAPEX spending for gas/oil CC plants between 500 MW and 1,000 

MW are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.52, which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending. 

Table C-5 — Regression Statistics – CC CAPEX 500 MW to 1,000 MW 

  
t statistic p-value 

Observations 426   
Simple Average ($/kW) 13.780   

Intercept 14.933 6.3972 4.19E-10 
Slope -0.077 -0.6252 5.32E-01 

R
2
 0.00092   

 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data Points 

(all years) =

< 500 MW, All Capacity Factors
Net Total O&M- 2017 $/kW 17.10 13.01 12.27 15.62 498 216 52 766

Net Total Capex - 2017 $/kW 16.83 17.78 21.01 17.38 499 214 52 765

Net Total O&M and Capex - 2017 $/kW 34.00 30.72 33.28 33.03 497 214 52 763
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Figure C-5 — Gas/Oil CC Dataset – CAPEX for 500-MW to 1,000-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – BETWEEN 500 MW AND 1,000 MW 

The results of the regression analysis of O&M spending for gas/oil CC plants between 500 MW and 1,000 MW 

are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across 

all plant ages). However, the outliers before year 20 and relatively low number of data points after year 40 may 

distort the regression analysis. 

Table C-6 — Regression Statistics – CC O&M 500 MW to 1,000 MW 

  
t statistic p-value 

Observations 445   
Simple Average ($/kW) 9.269   

Intercept 11.915 17.1008 1.04E-50 
Slope -0.167 -4.7810 2.38E-06 

R
2
 0.04907   
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Figure C-6 — Gas/Oil CC Dataset – O&M for 500-MW to 1,000-MW Plant Size 

 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CC plants are described in Section 5. 
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Net Total O&M- 2017 $/kW 10.68 6.50 2.78 9.27 307 124 14 445

Net Total Capex - 2017 $/kW 14.38 13.36 1.28 13.78 307 108 11 426

Net Total O&M and Capex - 2017 $/kW 25.06 20.38 4.15 23.33 306 108 11 425
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CAPITAL EXPENDITURES – GREATER THAN 1,000 MW 

The results of the regression analysis of CAPEX spending for gas/oil CC plants greater than 1,000 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.30, which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending.  

Table C-7 — Regression Statistics – CC CAPEX > 1,000 MW 

  
t statistic p-value 

Observations 177   
Simple Average ($/kW) 13.566   

Intercept 9.464 2.0308 4.38E-02 
Slope 0.507 1.0309 3.04E-01 

R
2
 0.00604   

 

Figure C-7 — Gas/Oil CC Dataset – CAPEX for Greater than 1,000-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – GREATER THAN 1,000 MW 

The results of the regression analysis of O&M spending for gas/oil CC plants greater than 1,000 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.13, which is greater than 0.05, age is not a statistically significant predictor of O&M spending.  
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Table C-8 — Regression Statistics – CC O&M > 1,000 MW 

  
t statistic p-value 

Observations 177   
Simple Average ($/kW) 11.676   

Intercept 16.545 4.4651 1.43E-05 
Slope -0.601 -1.5389 1.26E-01 

R
2
 0.01335   

 

Figure C-8 — Gas/Oil CC Dataset – O&M for Greater than 1,000 MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

y = -0.6013x + 16.545
R² = 0.0134
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> 1000 MW, All Capacity Factors

Net Total O&M- 2017 $/kW 11.85 4.14 - 11.68 173 4 0 177

Net Total Capex - 2017 $/kW 13.37 22.06 - 13.57 173 4 0 177

Net Total O&M and Capex - 2017 $/kW 25.22 26.20 - 25.24 173 4 0 177
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CC plants are described in Section 5. 

CAPITAL EXPENDITURES – CAPACITY FACTOR LESS THAN 50% 

The results of the regression analysis of CAPEX spending for gas/oil CC plants of all MW sizes (full dataset) 

with capacity factors under 50% are summarized in the table below and plotted in the figure below. Since the 

p-value for the age coefficient (“slope”) is 0.71, which is greater than 0.05, age is not a statistically significant 

predictor of CAPEX spending. 

Table C-9 — Regression Statistics – CC CAPEX for Capacity Factor < 50% 

  
t statistic p-value 

Observations 844   
Simple Average ($/kW) 15.554   

Intercept 14.774 5.7075 1.59E-08 
Slope 0.041 0.3659 7.15E-01 

R
2
 0.00016   

 

Figure C-9 — CC Dataset – CAPEX for All Plant Sizes and Avg. Net Capacity Factor < 50% 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 
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OPERATIONS & MAINTENANCE EXPENDITURES – CAPACITY FACTOR LESS THAN 
50% 

The results of the regression analysis of O&M spending for gas/oil CC plants of all MW sizes (full dataset) with 

capacity factors under 50% are summarized in the table below and plotted in the figure below. Since the p-value 

for the age coefficient (“slope”) is less than 0.05, age is a statistically significant predictor of O&M spending (on 

a linear trend across all plant ages). However, the outliers before year 20 and relatively low number of data 

points after year 40 may distort the regression analysis. 

Table C-10 — Regression Statistics – CC O&M for Capacity Factor < 50% 

  
t statistic p-value 

Observations 864   
Simple Average ($/kW) 10.791   

Intercept 12.292 13.9850 3.33E-40 
Slope -0.077 -2.0625 3.95E-02 

R
2
 0.00491   

 

Figure C-10 — CC Dataset – O&M for All Plant Sizes and Avg. Net Capacity Factor < 50% 

 
Note: Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CC plants are described in Section 5. 

CAPITAL EXPENDITURES – CAPACITY FACTOR GREATER THAN 50% 

The results of the regression analysis of CAPEX spending for gas/oil CC plants of all MW sizes (full dataset) 

with capacity factors greater than 50% are summarized in the table below and plotted in the figure below. Since 

the p-value for the age coefficient (“slope”) is 0.37, which is greater than 0.05, age is not a statistically 

significant predictor of CAPEX spending. 

Table C-11 — Regression Statistics – CC CAPEX for Capacity Factor > 50% 

  
t statistic p-value 

Observations 524   
Simple Average ($/kW) 16.104   

Intercept 14.630 7.3893 5.90E-13 
Slope 0.149 0.9054 3.66E-01 

R
2
 0.00157   

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data Points 

(all years) =

All MW, Capacity Factors 0 - 50%
Net Total O&M- 2017 $/kW 11.54 9.65 10.26 10.79 500 298 66 864

Net Total Capex - 2017 $/kW 15.35 15.46 17.56 15.55 501 280 63 844

Net Total O&M and Capex - 2017 $/kW 26.95 25.41 28.19 26.53 499 280 63 842
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Figure C-11 — CC Dataset – CAPEX for All Plant Sizes and Avg. Net Capacity Factor > 50% 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – CAPACITY FACTOR GREATER 
THAN 50% 

The results of the linear regression analysis of O&M spending for gas/oil CC plants of all MW sizes (full 

dataset) with capacity factors greater than 50% are summarized in the table below. Since the p-value for the age 

coefficient (“slope”) is 0.33, which is greater than 0.05, age is not a statistically significant predictor of CAPEX 

spending (on a linear trend across all plant ages). 

Table C-12 — Regression Statistics – CC O&M for Capacity Factor > 50% 

  
t statistic p-value 

Observations 524   
Simple Average ($/kW) 16.855   

Intercept 17.665 17.5298 1.93E-54 
Slope -0.082 -0.9777 3.29E-01 

R
2
 0.00183   
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Figure C-12 — CC Dataset – O&M for All Plant Sizes and Avg. Net Capacity Factor > 50% 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below. 

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CC plants are described in Section 5. 

 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data Points 

(all years) =

All MW, Capacity Factors 50% - 100%
Net Total O&M- 2017 $/kW 16.90 16.44 - 16.85 478 46 0 524

Net Total Capex - 2017 $/kW 15.55 21.89 - 16.10 478 46 0 524

Net Total O&M and Capex - 2017 $/kW 32.46 38.32 - 32.98 477 46 0 523
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Appendix D. Regression Analysis – Gas/Oil Combustion Turbine 
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CAPITAL EXPENDITURES – ALL PLANT SIZES 

The results of the regression analysis of CAPEX spending for gas/oil CT plants of all MW sizes (full dataset) 

are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.09, which is greater than 0.05, dataset does not support age as a statistically significant predictor 

of CAPEX spending (on a linear trend across all plant ages). 

Table D-1 — Regression Statistics – CT CAPEX for All MW 

  
t statistic p-value 

Observations 5065   
Simple Average ($/kW) 6.897   

Intercept 8.737 7.3087 3.12E-13 
Slope -0.068 -1.6948 9.02E-02 

R
2
 0.00057   

 

Figure D-1 — Gas/Oil CT Dataset – CAPEX for All Plant MW Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – ALL PLANT SIZES 

The results of the regression analysis of O&M spending for gas/oil CT plants of all MW sizes (full dataset) are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.062, which is greater than 0.05, the dataset does not support age as a statistically significant 

predictor of O&M spending (on a linear trend across all plant ages). 
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Table D-2 — Regression Statistics – CT O&M for All MW 

  
t statistic p-value 

Observations 5283   
Simple Average ($/kW) 5.331   

Intercept 6.641 8.5764 1.27E-17 
Slope -0.048 -1.8683 6.18E-02 

R
2
 0.00066   

 

Figure D-2 — Gas/Oil CT Dataset – O&M for All Plant MW Sizes 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data Points 

(all years) =

All MW, All Capacity Factors
Net Total O&M- 2017 $/kW 7.86 3.99 6.11 5.33 1,418 3,118 747 5,283

Net Total Capex - 2017 $/kW 9.17 5.78 7.40 6.90 1,360 3,054 651 5,065

Net Total O&M and Capex - 2017 $/kW 16.43 9.43 10.92 11.49 1,341 3,040 640 5,021
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CT plants are described in Section 6. 

CAPITAL EXPENDITURES – LESS THAN 100 MW 

The results of the regression analysis of CAPEX spending for gas/oil CT plants less than 100 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.002, which is less than 0.05, age is a statistically significant predictor of CAPEX spending (on a 

linear trend across all plant ages). Therefore, CAPEX spending for this dataset may be estimated by the 

regression equation:  

Annual CAPEX spending in 2017 $/kW-year = 15.651 + (-0.227 × age)  

 

Table D-3 — Regression Statistics – CT CAPEX < 100 MW 

  
t statistic p-value 

Observations 2,911   
Simple Average ($/kW) 9.003   

Intercept 15.651 6.6753 2.94E-11 
Slope -0.227 -3.0345 2.43E-03 

R
2
 0.00316   

 

Figure D-3 — Gas/Oil CT Dataset – CAPEX for Less than 100-MW Plant Size 
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OPERATIONS & MAINTENANCE EXPENDITURES – LESS THAN 100 MW 

The results of the regression analysis of O&M spending for gas/oil CT plants less than 100 MW are summarized 

in the table below and plotted in the figure below. Since the p-value for the age coefficient (“slope”) is 0.966, 

which is greater than 0.05, the dataset does not support age as a statistically significant predictor of O&M 

spending (on a linear trend across all plant ages).  

Table D-4 — Regression Statistics – CT O&M < 100 MW 

  
t statistic p-value 

Observations 3,062   
Simple Average ($/kW) 5.958   

Intercept 6.001 5.5008 4.09E-08 
Slope -0.001 -0.0423 9.66E-01 

R
2
 0.00000   

 

Figure D-4 — Gas/Oil CT Dataset – O&M for Less than 100-MW Plant Size 

 
Notes: Age coefficient in above regression equation is not statistically significant. 
 Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CT plants are described in Section 6. 

CAPITAL EXPENDITURES – BETWEEN 100 MW AND 300 MW 

The results of the regression analysis of CAPEX spending for CT plants between 100 MW and 300 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.939, which is greater than 0.05, age is not a statistically significant predictor of CAPEX spending. 

Table D-5 — Regression Statistics – CT CAPEX 100 MW to 300 MW 

  
t statistic p-value 

Observations 1,350   
Simple Average ($/kW) 6.183   

Intercept 6.254 6.0376 2.02E-09 
Slope -0.003 -0.0768 9.39E-01 

R
2
 0.00000   

 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data Points 

(all years) =

< 100 MW, All Capacity Factors
Net Total O&M- 2017 $/kW 8.76 4.93 7.40 5.96 489 2,060 513 3,062

Net Total Capex - 2017 $/kW 15.08 7.98 6.64 9.00 497 1,999 415 2,911

Net Total O&M and Capex - 2017 $/kW 24.04 12.31 10.26 14.02 489 1,978 406 2,873
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Figure D-5 — Gas/Oil CT Dataset – CAPEX for Between 100-MW and 300-MW Plant Size 

 
Note: Age coefficient in above regression equation is not statistically significant. 

 

OPERATIONS & MAINTENANCE EXPENDITURES – BETWEEN 100 MW AND 300 MW 

The results of the regression analysis of O&M spending for gas/oil CT plants between 100 MW and 300 MW 

are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.023, which is less than 0.05, age is a statistically significant predictor of O&M spending (on a 

linear trend across all plant ages). Therefore, O&M spending for this dataset may be estimated by the regression 

equation: 

Annual O&M spending in 2017 $/kW-year = 10.569 + (-0.162 × age) 

 

Table D-6 — Regression Statistics – CT O&M 100 MW to 300 MW 

  
t statistic p-value 

Observations 1,416   
Simple Average ($/kW) 6.430   

Intercept 10.569 5.1759 2.59E-07 
Slope -0.162 -2.2723 2.32E-02 

R
2
 0.00364   
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Figure D-6 — Gas/Oil CT Dataset – O&M for Between 100-MW and 300-MW Plant Size 

 
Note: Sequential data points with identical values are forecasted values for the same plant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CT plants are described in Section 6. 

 

 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data Points 

(all years) =

100 MW - 300 MW, All Capacity Factors
Net Total O&M- 2017 $/kW 9.97 5.18 3.24 6.43 442 794 180 1,416

Net Total Capex - 2017 $/kW 6.32 6.07 6.38 6.18 407 762 181 1,350

Net Total O&M and Capex - 2017 $/kW 15.14 9.09 9.66 10.98 402 759 180 1,341
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CAPITAL EXPENDITURES – GREATER THAN 300 MW 

The results of the regression analysis of CAPEX spending for gas/oil CT plants greater than 300 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient 

(“slope”) is 0.010, which is less than 0.05, age is a statistically significant predictor of CAPEX spending (on a 

linear trend across all plant ages). Therefore, CAPEX spending for this dataset may be estimated by the 

regression equation: 

Annual CAPEX spending in 2017 $/kW-year = 2.945 + (0.193 × age) 

 

Table D-7 — Regression Statistics – CT CAPEX > 300 MW 

  
t statistic p-value 

Observations 909   
Simple Average ($/kW) 6.952   

Intercept 2.945 1.6382 1.017E-01 
Slope 0.193 2.5842 0.010 

R
2
 0.00731   

 

Figure D-7 — Gas/Oil CT Dataset – CAPEX for Greater than 300-MW Plant Size 
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OPERATIONS & MAINTENANCE EXPENDITURES – GREATER THAN 300 MW 

The results of the regression analysis of O&M spending for CT plants greater than 300 MW are summarized in 

the table below and plotted in the figure below. Since the p-value for the age coefficient (“slope”) is 

significantly less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across 

all plant ages). Therefore, O&M spending for this dataset may be estimated by the regression equation: 

Annual O&M spending in 2017 $/kW-year = 5.474 + (-0.072 × age) 

 

Table D-8 — Regression Statistics – CT O&M > 300 MW 

  
t Statistic p-value 

Observations 938   
Simple Average ($/kW) 3.994   

Intercept 5.474 12.8980 3.75E-35 
Slope -0.072 -4.0612 5.29E-05 

R
2
 0.01732   

 

Figure D-8 — Gas/Oil CT Dataset – O&M for Greater than 300-MW Plant Size 

 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below. 
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R² = 0.0173

0

10

20

30

40

50

60

0 10 20 30 40 50 60

O
&

M
 (

2
0

1
7

$
/k

W
)

Plant Age

Data Points Regression Fit

145/179

Exhibit DG-6



 

 

D-11 
SL-014201 

Regression Analysis – Gas/Oil Combustion Turbine 
Final v01  

 

 

Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing gas/oil CT plants are described in Section 6. 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average 

$/kW (all 

years) =

Data 
Points 

(years 1 - 
20) =

Data 
Points 
(years 

21 - 40) 
=

Data 
Points 
(years 

41 - 80) 
=

Data Points 

(all years) =

> 300 MW, All Capacity Factors

Net Total O&M- 2017 $/kW 5.03 2.78 3.46 3.99 488 396 54 938

Net Total Capex - 2017 $/kW 5.26 7.58 16.50 6.95 457 397 55 909

Net Total O&M and Capex - 2017 $/kW 9.30 10.38 20.11 10.42 451 396 54 901
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CAPITAL EXPENDITURES – ALL PLANT SIZES 

The results of the linear regression analysis of CAPEX spending for conventional hydroelectric plants of all 

MW sizes (full dataset) are summarized in the table below and plotted in the figure below. Since the p-value for 

the age coefficient (“slope”) is significantly less than 0.05, age is a statistically significant predictor of CAPEX 

spending (on a linear trend across all plant ages). Therefore, CAPEX spending for this dataset may be estimated 

by the regression equation: 

Annual CAPEX spending in 2017 $/kW-year = 7.269 + (0.296 × age) 

 

Table E-1 — Regression Statistics – Hydroelectric CAPEX for All MW 

  
t statistic p-value 

Observations 2180   
Simple Average ($/kW) 21.999   

Intercept 7.269 1.4681 1.42E-01 

Slope 0.296 3.1441 1.69E-03 

R
2
 0.00452   

 

Figure E-1 — Conventional Hydroelectric Dataset – CAPEX for All MW Plant Sizes 
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OPERATIONS & MAINTENANCE EXPENDITURES – ALL PLANT SIZES 

The results of the linear regression analysis of O&M spending for conventional hydroelectric plants of all MW 

sizes (full dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the 

age coefficient (“slope”) is significantly less than 0.05, age is a statistically significant predictor of O&M 

spending (on a linear trend across all plant ages). Therefore, O&M spending for this dataset may be estimated by 

the regression equation: 

Annual O&M spending in 2017 $/kW-year = 22.360 + (0.073 × age) 

 

Table E-2 — Regression Statistics – Hydroelectric O&M for All MW 

  
t statistic p-value 

Observations 1,272   
Simple Average ($/kW) 24.473   

Intercept 22.360 13.7360 3.92E-40 

Slope 0.073 2.5053 1.24E-02 

R
2
 0.00492   

 

Figure E-2 — Conventional Hydroelectric – O&M for All MW Plant Sizes 
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CAPITAL EXPENDITURES – ALL PLANT SIZES 

The results of the linear regression analysis of CAPEX spending for pumped hydroelectric storage plants of all 

MW sizes (full dataset) are summarized in the table below and plotted in the figure below. Since the p-value for 

the age coefficient (“slope”) is greater than 0.05, the dataset does not support age as a statistically significant 

predictor of CAPEX spending (on a linear trend across all plant ages). The dataset was not divided by unit 

capacity due to the limited number of data points. 

Table F-1 — Regression Statistics – Pumped Hydroelectric CAPEX for All MW 

  
t statistic p-value 

Observations 227   
Simple Average ($/kW) 11.398   

Intercept -6.907 -0.4501 6.53E-01 

Slope 0.743 1.2723 2.06E-01 

 R
2
 0.01278   

 

Figure F-1 — Pumped Hydroelectric Dataset – CAPEX for All MW Plant Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 
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OPERATIONS & MAINTENANCE EXPENDITURES – ALL PLANT SIZES 

The results of the linear regression analysis of O&M spending for pumped hydroelectric storage plants of all 

MW sizes (full dataset) are summarized in the table below and plotted in the figure below. Since the p-value for 

the age coefficient (“slope”) is greater than 0.05, the dataset does not support age as a statistically significant 

predictor of O&M spending (on a linear trend across all plant ages). The dataset was not divided by unit 

capacity due to the limited number of data points. 

Table F-2 — Regression Statistics – Pumped Hydroelectric O&M for All MW 

  
t statistic p-value 

Observations 226   
Simple Average ($/kW) 23.634   

Intercept 15.296 2.9021 4.08E-03 

Slope 0.288 1.7010 9.03E-02 

R
2
 0.01275   

 

Figure F-2 — Pumped Hydroelectric – O&M for All Plant MW Sizes 

  
Note: Age coefficient in above regression equation is not statistically significant. 

The simple average O&M and CAPEX values for each 20-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing pumped hydroelectric storage plants are described in Section 8. 

Average 
$/kW 

(years 1 - 
20) =

Average 
$/kW 

(years 21 - 
40) =

Average 
$/kW 

(years 41 - 
80) =

Average $/kW 

(all years) =

Data Points 
(years 1 - 

20) =

Data 
Points 

(years 21 - 
40) =

Data 
Points 

(years 41 - 
80) =

Data Points 

(all years) =

All MW, All Capacity Factors
Net Total O&M- 2017 $/kW 18.97 23.41 31.00 23.63 50 140 36 226

Net Total Capex - 2017 $/kW 22.94 11.93 14.92 14.83 50 141 36 227

Net Total O&M and Capex - 2017 $/kW 41.91 35.34 45.92 38.46 -- -- -- --
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Appendix G. Regression Analysis – Solar Photovoltaic 
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CAPITAL EXPENDITURES 

Annual CAPEX, labeled in FERC Form 1 as TCP, are broken down into subcategories, including: 

 Land & Land Rights 

 Structures & Improvements 

 Reservoirs, Dams & Waterways 

 Water Wheels 

 Turbines & Generators 

 Accessory Electric Equipment 

 Equipment 

 Asset Retirement Costs 

 Roads, and Railroads & Bridges 

These subcategories are based on traditional power generation technologies and have minimal applicability to 

solar PV. Expected CAPEX for solar PV, such as inverter replacement and repair or module replacement, are 

clearly not applicable to any of the categories listed in FERC Form 1. 

In the FERC Form 1 data, only 10 of the solar PV sites had a breakdown of TCP into the above subcategories, 

with even fewer providing such a breakdown for more than one year. As discussed in Section 9, the year-over-

year change in TCP is the sole source of annual CAPEX information in FERC Form 1. Of this data, Sargent & 

Lundy determined that a significant portion of it needed to be filtered out due to the following reasons: 

 A negative change in the TCP between two consecutive years 

 A change in the capacity of the plant greater than 20% 

 A significant increase in TCP without a capacity increase  

 Large unexplained fluctuations (e.g., negative to positive) in TCP from year to year 

 Large gaps in annual data 

After filtering out clearly suspect data, about one-third of the remaining data was for plants having only three 

years of data or less. In addition, many of the plants reported no changes in TCP, suggesting that most annual 

expenditures at those sites were being reported as O&M rather than being capitalized.  

Thus, Sargent & Lundy had to rely on a limited dataset for solar PV consisting of 15 sites. The average change 

in TCP for these sites was approximately $26/kW-year. Based on the available FERC Form 1 information, it 

cannot be determined whether this change in TCP was due to typical CAPEX for solar PV, such as inverter or 

module replacement, or other factors. 
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The results of the linear regression analysis of CAPEX spending for solar PV plants of all MW sizes (full 

dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the age 

coefficient (“slope”) is 0.16, which is greater than 0.05, the dataset does not support age as a statistically 

significant predictor of CAPEX spending (on a linear trend across all plant ages). In addition, as indicated in the 

table below, there are a relatively small number of data points for CAPEX (less than 60 points). The average 

CAPEX across all years is approximately $26/kW-year (2017 dollars).  

Table G-1 — Regression Statistics – Solar PV CAPEX for All MW 

 
 

t statistic p-value 

Observations 57   
Simple Average ($/kW) 26.026   

Intercept 42.978 3.2248 2.12E-03 
Slope -5.618 -1.4387 1.56E-01 

R
2
 0.03627   

 

Figure G-1 — Solar PV Dataset – CAPEX for All MW Plant Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 
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OPERATIONS & MAINTENANCE EXPENDITURES 

Solar PV O&M activities include a variety of work scopes, including administrative work, monitoring, cleaning, 

preventative maintenance, and corrective maintenance. Some specific examples of O&M activities may include 

cleaning modules, monitoring system voltage and current, inspecting and cleaning electrical equipment, 

inspecting modules for damage, inspecting mounting systems, and checking invertor settings. The cost of O&M 

is dependent on several factors, including the number of components, the type of system (e.g., roof, tracking, 

ground mount, fixed, etc.), warranty coverage, and location. Environmental conditions, such as hail, sand/dust, 

snow, salt in air, high winds, etc., also play a significant role in O&M costs. For these reasons, a higher level of 

variation is expected when compared to traditional generating technologies.  

The total production cost, which is the sum of the total operating expense and total maintenance expense, was 

reported for slightly over half of the sites. Of the sites reporting, several sites only reported this data in certain 

years, leaving gaps in the data. Subcategories for operating costs and maintenance cost were provided in the 

FERC Form 1 data, but rarely was the reported data broken into subcategories.  

Sargent & Lundy organized the FERC Form 1 data into two presentation formats. In the first format, the annual 

O&M cost was averaged across all years of the reported data to obtain the average annual O&M cost per plant. 

This resulted in approximately 60 data points. In the second format, the annual O&M cost was averaged across 

each year of operation. This resulted in approximately 200 data points. The average O&M cost results are not 

equal between the two presentation formats. Table G-2 provides a simple example of these differing results, 

using FERC Form 1 O&M data from three plants. 

Table G-2 — Example of Calculation Method Differences 

 
O&M Cost ($/kW-year) 

Age 
(Years) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Plant 

Average 

Example 
Plant 1 127.8 0.0 0.1 0.0 - - - - - - - - - - - 32.0 

Example 
Plant 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Example 
Plant 3 32.2 15.3 24.8 - - - - - - - - - - - - 24.1 

                 
Example Average 
(All Data Points) 9.1             

Example Average 
(of Plant Averages) 18.7             
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In the example above, a single plant with more data points is able to sway the average O&M cost across the 

three plants. The values calculated below are based on averaged data points (i.e., a data point is the average 

annual O&M cost across the reported data for a given plant).  

Figure G-2 and Figure G-3 show the average site O&M cost, expressed in $/MWh, for sites with a capacity less 

than 5 MW and greater than 5 MW, respectively. In general, these figures show a high level of variability across 

sites, with smaller sites having a higher O&M cost per MWh produced. Several data points were for sites having 

very low capacity factors (less than 5%), which also results in higher O&M costs per MWh. For the sites greater 

than 5 MW, the average O&M cost was $8.5/MWh. When expressed on the basis of cost per kW of capacity 

(see Figure G-4 and Figure G-5), the average O&M for sites greater than 5 MW was $15/kW-year. 

Figure G-2 — Average Site O&M Cost per MWh Generated vs. Project Nameplate Capacity 
(< 5 MW) 
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Figure G-3 — Average Site O&M Cost per MWh Generated vs. Project Nameplate Capacity 
(> 5 MW) 

 
 

Figure G-4 — Average Site O&M Cost per kW-Year Capacity vs. Project Nameplate Capacity 
(< 5 MW) 
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Figure G-5 — Average Site O&M Cost per kW-Year Capacity vs. Project Nameplate Capacity 
(> 5 MW) 

 

The figures below show the annual site O&M cost (in $/MWh and $/kW-year) versus the age of the project. In 

general, little correlation can be seen between age and O&M cost. 

Figure G-6 — Annual Site O&M Cost per MWh vs. Age of Project 
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Figure G-7 — Annual Site O&M Cost per kW-Year Capacity vs. Age of Project 

 

Sargent & Lundy compiled O&M data from other sources in Table G-3 below for comparison against the FERC 

data. In general, the O&M costs in $/kW-year capacity are in the same range as the FERC data for sites over 

5-MW capacity.  

Table G-3 — Summary of Industry O&M Cost Data for Solar PV 

O&M Cost Sources 
O&M Cost 

$/kW-yr 
Notes 

Report Source 
Data Year 

NREL & Sunshot 15 Fixed 2015 

NREL & Sunshot 18 Single-Axis Tracking 2015 

Sunshot + NREL 20.5 Good O&M 2016 

Sunshot + NREL 25.0 Optimal O&M 2016 

IRENA Power to Change 10 Minimum 2015 

IRENA Power to Change 18 Maximum 2015 

Utility Scale Solar 17 Overall 2014 

Utility Scale Solar 2016 7 Minimum 2016 

Utility Scale Solar 2016 27 Maximum 2016 

Utility Scale Solar 2016 18 Mean 2016 

NREL U.S. Solar Photovoltaic System  
Cost Benchmark: Q1 2017 15.4 Fixed LCOE Assumption 2017 

NREL U.S. Solar Photovoltaic System  
Cost Benchmark: Q1 2018 18.5 SAT LCOE Assumption 2017 
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Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing solar PV plants are described in Section 9. 
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Appendix H. Regression Analysis – Solar Thermal 
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There are no solar thermal power plants that report operating data in FERC Form 1. Industry-wide, there are a 

limited number of solar thermal projects; a majority of which have been constructed within the last 10 years—

the exception being small test facilities and the Solar Energy Generating Systems (SEGS) plants built in the 

1980s. 
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Appendix I. Regression Analysis – Geothermal 
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CAPITAL EXPENDITURES 

The results of the linear regression analysis of CAPEX spending for geothermal plants of all MW sizes (full 

dataset) are summarized in the table below and plotted in the figure below. Although the p-value is less than 

0.05, the dataset is inconclusive because the intercept is negative due to no plants reporting data between ages 

and 0 and 10.  

Table I-1 — Regression Statistics – Geothermal CAPEX for All MW  

  
t statistic p-value 

Observations 36   
Simple Average ($/kW) 40.948   

Intercept -150.830 -1.7907 8.23E-02 

Slope 10.006 2.3736 2.34E-02 

R
2
 0.14215   

 

Figure I-1 — Geothermal Dataset – CAPEX for All MW Plant Sizes 

 

 

 

 

166/179

Exhibit DG-6



 

 

I-3 
SL-014201 

Regression Analysis – Geothermal 
Final v01  

 

 

Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

OPERATIONS & MAINTENANCE EXPENDITURES 

The results of the linear regression analysis of O&M spending for geothermal plants of all MW sizes (full 

dataset) are summarized in the table below and plotted in the figure below. Since the p-value for the age 

coefficient is 0.071, which is greater than 0.05, the dataset does not support age as a statistically significant 

predictor of O&M spending (on a linear trend across all plant ages). 

Table I-2 — Regression Statistics – Geothermal O&M for All MW 

  
t Statistic p-value 

Observations 36   
Simple Average ($/kW) 157.103   

Intercept 175.369 2.6984 1.08E-02 

Slope -0.953 -0.2930 7.71E-01 

R
2
 0.00252   

 

Figure I-2 — Geothermal Dataset – O&M for All MW Plant Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 

The simple average O&M and CAPEX values for each five-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  
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Table I-3 — Geothermal All MW Summary of Results 

 

Average 
$/kW-yr 
(Years 

1-5) 

Average 
$/kW-yr 
(Years 
6-10) 

Average 
$/kW-yr 
(Years 
11-15) 

Average 
$/kW-yr 
(Years 
16-20) 

Average 
$/kW-yr 
(Years 
21-25) 

Average 
$/kW-yr 
(Years 
26-30) 

Average 
$/kW-yr 

(All 
Years) 

Data 
Points 
(Years 

1-5) 

Data 
Points 
(Years 
6-10) 

Data 
Points 
(Years 
11-15) 

Data 
Points 
(Years 
16-20) 

Data 
Points 
(Years 
21-25) 

Data 
Points 
(Years 
26-30) 

Data 
Points 

(All 
Years) 

All MW, All Capacity Factors 

Net Total 
O&M – 
2017 

$/kW-yr 

-- 300.62 170.44 124.24 149.97 166.77 157.10 -- 1 12 10 6 7 36 

Net Total 
CAPEX – 

2017 
$/kW-yr 

-- -- 72.05 30.16 27.64 114.45 40.94 -- 1 12 10 6 7 36 

Starting with the initial analysis of CAPEX and O&M raw data, as presented above, Sargent & Lundy 

developed recommended changes to the existing values used in the EMM. The recommended changes for 

existing geothermal plants are described in Section 11. 
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Appendix J. Regression Analysis – Wind 
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CAPITAL EXPENDITURES 

Full Dataset 

The results of the linear regression analysis of CAPEX spending for wind plants of all MW sizes (full dataset) 

are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 

0.224, which is greater than 0.05, the dataset does not support age as a statistically significant predictor of 

CAPEX spending (on a linear trend across all plant ages).  

Table J-1 — Regression Statistics – Wind CAPEX for All MW 

 
 

t Statistic p-value 

Observations 310   
Simple Average ($/kW) 18.285   

Intercept 22.241 5.7807 1.82E-08 
Slope -0.686 -1.2194 2.24E-01 

R
2
 0.00480   

 

Figure J-1 — Wind Dataset – CAPEX for All MW Plant Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 

The simple average O&M and CAPEX values for each five-year age band, expressed in constant 2017 

$/kW-year, are summarized in the table below.  
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Table J-2 — Wind All MW Summary of Results 

 

Average 
$/kW-yr 
(Years 

1-5) 

Average 
$/kW-yr 
(Years 
6-10) 

Average 
$/kW-yr 
(Years 
11-15) 

Average 
$/kW-yr 
(Years 
16-20) 

Average 
$/kW-yr 

(All 
Years) 

Data 
Points 
(Years 

1-5) 

Data 
Points 
(Years 
6-10) 

Data 
Points 
(Years 
11-15) 

Data 
Points 
(Years 
16-20) 

Data 
Points 

(All 
Years) 

All MW, All Capacity Factors 

Net Total CAPEX – 2017 $/kW-yr 21.06 10.97 32.62 21.60 18.29 168 112 23 7 310 

Starting with the initial analysis of CAPEX raw data, as presented above, Sargent & Lundy developed 

recommended changes to the existing values used in the EMM. The recommended changes for existing wind 

plants are described in Section 12. 

0-100 MW 

The results of the linear regression analysis of CAPEX spending for wind plants between 0 MW and 100 MW 

are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 

0.706, which is greater than 0.05, the dataset does not support age as a statistically significant predictor of 

CAPEX spending (on a linear trend across all plant ages). Therefore, a more appropriate predictor of CAPEX 

spending for this dataset is a simple average by plant age band, as discussed in Section 12. 

Table J-3 — Regression Statistics – Wind CAPEX for 0-100 MW 

 
 

t Statistic p-value 

Observations 174   
Simple Average ($/kW) 20.483   

Intercept 22.342 3.7750 2.20E-04 

Slope -0.297 -0.3779 7.06E-01 

R
2
 0.00083   
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Figure J-2 — Wind Dataset – CAPEX for 0-100-MW Plant Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 

The simple average CAPEX values for each five-year age band, expressed in constant 2017 $/kW-year, are 

summarized in the table below.  

Table J-4 — Wind < 100-MW Summary of Results 

 

Average 
$/kW-yr 
(Years 

1-5) 

Average 
$/kW-yr 
(Years 
6-10) 

Average 
$/kW-yr 
(Years 
11-15) 

Average 
$/kW-yr 
(Years 
16-20) 

Average 
$/kW-yr 

(All 
Years) 

Data 
Points 
(Years 

1-5) 

Data 
Points 
(Years 
6-10) 

Data 
Points 
(Years 
11-15) 

Data 
Points 
(Years 
16-20) 

Data 
Points 

(All 
Years) 

< 100 MW, All Capacity Factors 

Net Total CAPEX – 
2017 $/kW-yr 22.83 11.62 35.35 21.60 20.48 89 58 20 7 174 

Starting with the initial analysis of CAPEX raw data, as presented above, Sargent & Lundy developed 

recommended changes to the existing values used in the EMM. The recommended changes for existing wind 

plants are described in Section 12. 
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100-200 MW 

The results of the linear regression analysis of CAPEX spending for wind plants between 100 MW and 200 MW 

are summarized in the table below. Since the p-value for the age coefficient is 0.224, which is greater than 0.05, 

the dataset does not support age as a statistically significant predictor of CAPEX spending (on a linear trend 

across all plant ages). 

Table J-5 — Regression Statistics – Wind CAPEX for 100-200 MW 

  
t Statistic p-value 

Observations 310   
Simple Average ($/kW) 16.935   

Intercept 22.241 5.7807 1.82E-08 
Slope -0.686 -1.2194 2.24E-01 

R
2
 0.00480   

 

Figure J-3 — Wind Dataset – CAPEX for 100-200-MW Plant Sizes 

 
Note: Age coefficient in above regression equation is not statistically significant. 

The simple average CAPEX values for each five-year age band, expressed in constant 2017 $/kW-year, are 

summarized in the table below.  

173/179

Exhibit DG-6



 

 

J-6 
SL-014201 

Regression Analysis – Wind 
Final v01  

 

 

Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

Table J-6 — Wind 100-200-MW Summary of Results 

 

Average 
$/kW-yr 

(Years 1-5) 

Average 
$/kW-yr 
(Years 
6-10) 

Average 
$/kW-yr 
(Years 
11-15) 

Average 
$/kW-yr 
(Years 
16-20) 

Average 
$/kW-yr 

(All 
Years) 

Data 
Points 
(Years 

1-5) 

Data 
Points 
(Years 
6-10) 

Data 
Points 
(Years 
11-15) 

Data 
Points 
(Years 
16-20) 

Data 
Points 

(All 
Years) 

100 - 200 MW, All Capacity Factors 

Net Total CAPEX – 2017 $/kW-yr 20.36 12.20 14.41 -- 16.93 52 36 3 -- 91 

Starting with the initial analysis of CAPEX raw data, as presented above, Sargent & Lundy developed 

recommended changes to the existing values used in the EMM. The recommended changes for existing wind 

plants are described in Section 12. 

Greater than 200 MW 

The results of the linear regression analysis of CAPEX spending for wind plants greater than 200 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 0.006, 

which is less than 0.05, the dataset does support age as a statistically significant predictor of CAPEX spending 

(on a linear trend across all plant ages). However, a visual inspection of the data in the graph below shows that 

there are a limited number of data points over 10 years, which may be skewing the regression. 

Table J-7 — Regression Statistics – Wind CAPEX for Greater than 200 MW 

 
 

t Statistic p-value 

Observations 91   
Simple Average ($/kW) 16.935   

Intercept 29.387 5.6538 1.87E-07 
Slope -2.474 -2.7612 6.99E-03 

R
2
 0.07891   
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Figure J-4 — Wind Dataset – CAPEX for Greater than 200-MW Plant Sizes 

 

The simple average CAPEX values for each five-year age band, expressed in constant 2017 $/kW-year, are 

summarized in the table below.  

Table J-8 — Wind Greater than 200-MW Summary of Results 

 
Average $/kW-yr 

(Years 1-5) 
Average $/kW-yr 

(Years 6-10) 
Average $/kW-yr 

(All Years) 
Data Points 
(Years 1-5) 

Data Points 
(Years 6-10) 

Data Points 
(All Years) 

> 200 MW, All Capacity Factors 

Net Total CAPEX – 2017 $/kW-yr 16.61 8.65 13.48 31 20 51 

Starting with the initial analysis of CAPEX raw data, as presented above, Sargent & Lundy developed 

recommended changes to the existing values used in the EMM. The recommended changes for existing wind 

plants are described in Section 12. 
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OPERATIONS & MAINTENANCE EXPENDITURES 

Full Dataset 

The results of the linear regression analysis of O&M spending for wind plants of all MW sizes (full dataset) are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 

significantly less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across 

all plant ages). Therefore, O&M spending for the dataset may be estimated by the regression equation: 

Annual O&M spending in 2017 $/kW-year = 31.661 + (1.222 × age) 

 

Table J-9 — Regression Statistics – Wind O&M for All MW 

 
 

t statistic p-value 

Observations 580   
Simple Average ($/kW) 42.680   

Intercept 31.661 12.7763 4.24E-33 
Slope 1.222 5.3515 1.26E-07 

R
2
 0.04721   

 

Figure J-5 — Wind Dataset – O&M for All MW Plant Sizes 
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0-100 MW 

The results of the linear regression analysis of O&M spending for wind plants between 0 MW and 100 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 0.003, 

which is less than 0.05, the dataset age is a statistically significant predictor of O&M spending (on a linear trend 

across all plant ages). Therefore, O&M spending for the dataset may be estimated by the regression equation: 

Annual O&M spending in 2017 $/kW-year = 39.083 + (1.119 × age) 

 

Table J-10 — Regression Statistics – Wind O&M for 0-100 MW 

 
 

t Statistic p-value 

Observations 339   
Simple Average ($/kW) 49.888   

Intercept 39.083 9.0574 1.10E-17 

Slope 1.119 2.9310 3.61E-03 

R
2
 0.02486   

 

Figure J-6 — Wind Dataset – O&M for 0-100-MW Plant Sizes 

 

 

 

177/179

Exhibit DG-6



 

 

J-10 
SL-014201 

Regression Analysis – Wind 
Final v01  

 

 

Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

100-200 MW 

The results of the linear regression analysis of O&M spending for wind plants between 100 MW and 200 MW 

are summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 

significantly less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across 

all plant ages). Therefore, O&M spending for the dataset may be estimated by the regression equation: 

Annual O&M spending in 2017 $/kW-year = 23.797 + (1.174 × age) 

 

Table J-11 — Regression Statistics – Wind O&M for 100-200 MW 

 
 

t Statistic p-value 

Observations 147   
Simple Average ($/kW) 35.645   

Intercept 23.797 14.1919 3.27E-29 
Slope 1.174 6.5971 7.33E-10 

R
2
 0.23086   

 

Figure J-7 — Wind Dataset – O&M for 100-200-MW Plant Sizes 
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Generating Unit Annual Capital and Life Extension Costs Analysis  Project 13651-001 

Greater than 200 MW 

The results of the linear regression analysis of O&M spending for wind plants greater than 200 MW are 

summarized in the table below and plotted in the figure below. Since the p-value for the age coefficient is 

significantly less than 0.05, age is a statistically significant predictor of O&M spending (on a linear trend across 

all plant ages). Therefore, O&M spending for the dataset may be estimated by the regression equation: 

Annual O&M spending in 2017 $/kW-year = 26.783 + (0.925 × age) 

 

Table J-12 — Regression Statistics – Wind O&M Greater than 200 MW 

 
 

t statistic p-value 

Observations 124   
Simple Average ($/kW) 35.645   

Intercept 26.783 17.5334 3.90E-35 

Slope 0.925 7.0885 9.55E-11 

R
2
 0.29171   

 

Figure J-8 — Wind Dataset – O&M for Plant Sizes Greater than 200 MW 
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