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I. INTRODUCTION AND PURPOSE OF TESTIMONY 1 

Q Please state your name and occupation. 2 

A My name is Avi Allison. I am a Senior Associate with Synapse Energy 3 

Economics, Inc. 4 

Q Please describe Synapse Energy Economics. 5 

A Synapse Energy Economics is a research and consulting firm specializing in 6 

electricity industry regulation, planning, and analysis. Synapse works for a 7 

variety of clients such as consumer advocates, regulatory commissions, state and 8 

federal agencies, and environmental advocates. 9 

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

A I am testifying on behalf of Michigan Environmental Council (MEC), Natural 11 

Resources Defense Council (NRDC), and Sierra Club (SC). 12 

Q Have you testified previously before the Michigan Public Service 13 

Commission? 14 

A Yes. I provided direct testimony before the Michigan Public Service 15 

Commission in the following cases: 16 

• MPSC Case No. U-18419 regarding the application of DTE Electric 17 

Company (DTE) for a Certificate of Necessity to construct a natural gas 18 

combined cycle facility. 19 

• MPSC Case No. U-18403 regarding DTE’s application for authority to 20 

implement its 2018 Power Supply Cost Recovery Plan. 21 

• MPSC Case No. U-20162 regarding DTE’s 2018 rate case application. 22 

• MPSC Case No. U-20069 regarding DTE’s application for reconciliation 23 

of its 2017 Power Supply Cost Recovery Plan. 24 
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Q Please summarize your work experience and educational background. 1 

A At Synapse, I provide consulting and research services on a wide range of issues 2 

related to the electric industry. My areas of focus include resource planning, 3 

economic impact analysis, rate design, and regional capacity markets. I have 4 

provided consulting services for a variety of public sector and public interest 5 

clients including the U.S. Environmental Protection Agency, the Michigan 6 

Public Service Commission, the Michigan Agency for Energy, the New York 7 

State Energy Research and Development Authority, the Rhode Island Office of 8 

Energy Resources, the Efficiency Maine Trust, the California Department of 9 

Justice, the Washington State Office of the Attorney General, Consumers Union, 10 

Sierra Club, Natural Resources Defense Council, and other organizations. I have 11 

reviewed and commented on power plant economics and resource planning 12 

analyses as part of docketed proceedings in Michigan, Texas, Indiana, Arizona, 13 

Idaho, Oregon, Washington, Wisconsin, and Arkansas.  14 

I hold a Master of Environmental Management from Yale University and a 15 

Bachelor of Arts in economics from Columbia University. My resume is attached 16 

as Exhibit MEC-17. 17 

Q What is the purpose of your testimony? 18 

A The purpose of my testimony is to assess the following elements of DTE’s 2019 19 

integrated resource plan (IRP) filing: 20 

1. The analytical focus of DTE’s IRP analyses. 21 

2. The reasonableness of DTE’s assessments of its existing coal units. 22 

3. The reasonableness of DTE’s characterization of alternative resource 23 

options within the Strategist model. 24 

4. The reasonableness of DTE’s renewable energy resource assumptions. 25 

5. The reasonableness of DTE’s capacity price assumptions. 26 

6. The reasonableness of DTE’s choice of modeling tools. 27 
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7. The reasonableness of DTE’s planned timeline for its next IRP filing. 1 

Q What documents do you rely upon in your analysis and for your findings 2 

and observations? 3 

A My analysis relies primarily upon the workpapers, exhibits, and discovery 4 

responses provided by DTE in this proceeding. My analysis also relies to a 5 

limited extent on external information such as Midcontinent Independent System 6 

Operator (MISO) documents. 7 

Q Are you sponsoring any exhibits? 8 

A Yes, I am sponsoring the following exhibits: 9 

MEC-16 DTE Response MECNRDCSCDE-7.34 10 

MEC-17:  Resume of Avi Allison 11 

MEC-18: DTE response to MECNRDCSCDE-6.1 12 

MEC-19:  Attachment “MECNRDCSCDE-6.7a Belle River Retirement  13 

  sensitivity modeling.pdf” to DTE response to MECNRDCSCDE- 14 

  6.7a 15 

MEC-20:  DTE response to MECNRDCSCDE-8.8 16 

MEC-21:  DTE Workpaper LKM-654, tab “Revenue Requirement Summary” 17 

MEC-22:  DTE Workpaper LKM-448 UPDATED, tab “AdvCC” 18 

MEC-23:  DTE Workpaper LKM-448 UPDATED, tab “SolarTr” 19 

MEC-24:  DTE response to MECNRDCSCDE-7.12 20 

MEC-25:  NREL 2018 ATB, tab “Land-Based Wind” 21 

MEC-26:  DTE response to MECNRDCSCDE-6.4 22 

MEC-27:  DTE Workpaper LKM-263 Lazard’s LCOE Analysis 23 

MEC-28:  DTE Workpaper LKM-441 MTEP19 Futures 24 
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MEC-29:  DTE response to MECNRDCSCDE-8.15 1 

MEC-30:  DTE Workpaper LKM-37, tab “Solar” 2 

MEC-31:  DTE response to MECNRDCSCDE-3.64 3 

MEC-32:  DTE Workpaper LKM-449, tab “Financial Assumptions” 4 

MEC-33:  DTE Workpaper LKM-448, tab “Assumptions" 5 

MEC-34:  DTE response to ELPCDE-1.24 6 

MEC-35:  Attachment “ELPCDE-1.24f Graph of Solar installed Costs.xlsx”  7 

  to DTE Discovery response to ELPCDE-1.24f 8 

MEC-36:  NREL 2018 ATB, tab “Solar - Utility PV” 9 

MEC-37: NREL November 2018. U.S. Solar Photovoltaic System Cost  10 

  Benchmark: Q1 2018 11 

MEC-38:  DTE response to ELPCDE-4.46 12 

MEC-39:  DTE Workpaper LKM-448, tab “Strategist (REF & BAU))” 13 

MEC-40:  MISO. April 12, 2019. 2019/2020 Planning Resource Auction  14 

  Results 15 

MEC-41:  DTE response to MECNRDCSCDE-5.16 16 

MEC-42:  DTE response to MECNRDCSCDE-3.49 17 

MEC-43:  DTE response to MECNRDCSCDE-3.35 18 

II. SUMMARY OF FINDINGS AND RECOMMENDATIONS 19 

Q Please summarize your findings. 20 

A My findings include the following: 21 

1. DTE did not devote sufficient analytical resources to assessing 22 

alternative retirement dates for existing coal units. For its Belle 23 
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River coal units, DTE modeled only two retirement sensitivities 1 

featuring one set of alternative retirement dates. The Company did not 2 

conduct economic assessments of any of its Monroe plant coal units. 3 

None of the Company’s risk analyses or most recent model runs 4 

evaluated alternative retirement dates for any coal units. 5 

2. DTE’s Belle River retirement sensitivities mischaracterized the 6 

costs and benefits of continuing to operate the Belle River units. 7 

DTE incorrectly understated the capacity provided by the units under 8 

an early retirement scenario. In addition, DTE’s Strategist inputs 9 

understated the fixed costs of continuing to operate Belle River. Both 10 

of these errors unreasonably biased DTE’s analysis in favor of 11 

continuing to operate the Belle River units. 12 

3. Substantial calculation errors underlie DTE’s cost inputs for all 13 

generating resource options. These errors unreasonably biased 14 

DTE’s analysis against generation resources with shorter construction 15 

times, such as solar, and against demand-side resources, such as 16 

energy waste reduction (EWR) programs. These errors affect all of 17 

DTE’s Strategist runs. 18 

4. A combination of pessimistic assumptions, outdated assumptions, 19 

inappropriate calculations, and restrictive modeling choices biased 20 

DTE’s analysis against wind and solar resources. Specifically, DTE 21 

(1) assumed unreasonably high costs and low capacity factors for 22 

future wind resources; (2) exclusively used outdated and unreasonably 23 

low wind capacity credit assumptions in its optimization modeling; (3) 24 

assumed unreasonably low capacity credits for future solar resources; 25 

(4) mis-calculated levelized solar capacity factors and capacity credits 26 

in a way that understated the value of solar resources; (5) used an 27 

unreasonably long time period to calculate capital cost escalation rates, 28 

to the detriment of solar resources; (6) assumed outdated and 29 
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unreasonably high solar fixed operations and maintenance (O&M) 1 

costs; and (7) did not enable its model to select near-term renewables 2 

that can take full advantage of existing federal tax credits. 3 

5. DTE’s capacity price forecast is grounded in a flawed model. The 4 

underlying capacity price model contains capacity quantities that are in 5 

inconsistent units and uses incorrect wind capacity credit assumptions. 6 

In addition, the capacity prices used by DTE are the result of a 7 

selective and biased model update that neglected to account for 8 

declining load forecasts. These errors cause DTE to overstate likely 9 

future capacity prices and overstate the potential for near-term 10 

resource shortages in MISO Zone 7. 11 

6. DTE’s IRP relies too heavily on the Strategist model. Strategist is 12 

an outdated model that is not sufficiently robust or transparent and is 13 

not well-equipped to value emerging technologies such as battery 14 

storage. 15 

7. DTE’s plan to wait until 2025 to file its next IRP is not reasonable. 16 

Given the pervasive flaws in DTE’s 2019 IRP and the rapidly evolving 17 

context in which DTE operates, six years is far too long to delay. 18 

Q Do you have any recommendations to offer? 19 

A Yes. Based on my findings, I offer the following recommendations: 20 

1. The Commission should require DTE to conduct a comprehensive 21 

economic assessment of alternative retirement dates for each of its 22 

Belle River and Monroe coal units. These assessments should include 23 

unit-specific evaluations of alternative retirement dates in the 2020s. 24 

They should also evaluate at least one portfolio in which all DTE coal 25 

units retire by 2030 (e.g., the Belle River units retire by 2025/2026 and 26 

the Monroe units retire by 2029/2030). These coal retirement analyses 27 

should include risk analyses and should examine retirement dates 28 
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timed to minimize major maintenance expenses. DTE should conduct 1 

and present these assessments by 2021, either as part of a stand-alone 2 

contested docket or as part of an IRP. 3 

2. The Commission should require DTE to correct the numerous errors 4 

and flaws described in this testimony and the testimony of other 5 

MEC/NRDC/SC witnesses. Unless DTE remedies these errors, this 6 

IRP cannot be deemed reasonable or prudent. 7 

3. DTE should commence a process to identify an alternative resource 8 

planning model to replace Strategist. The Company should switch to a 9 

different model in time for use in its next IRP. 10 

4. In developing its next IRP, DTE should issue an all-source request for 11 

proposals (RFP) and use the results of that RFP to inform its resource 12 

cost and operating assumptions. 13 

III. CONTEXT FOR AND FOCUS OF IRP ANALYSIS 14 

Q Please summarize this section 15 

A This section summarizes the context for and focus of DTE’s IRP analyses. I 16 

discuss how DTE’s load growth projections and clean energy commitments led 17 

the Company to conclude that it will not have a persistent capacity need until it 18 

retires its Belle River coal units. I then show that DTE disproportionately 19 

focused its IRP analyses on resource decisions that it does not intend to make 20 

through this IRP. 21 

Q When does DTE state that it will next have a need for new generation 22 

capacity? 23 

A DTE’s application in this proceeding states that the Company does not expect to 24 

need new capacity until 2030.1 25 

                                                           
1 DTE Application, page 8. 
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Q Why does the Company not find a need for new capacity until 2030? 1 

A The primary reason for the lack of an identified near-term capacity need is a lack 2 

of load growth. DTE projects that its annual sales and peak demand will both 3 

decline over the next 20 years.2 At the same time, DTE expects to continue 4 

developing EWR programs and renewable energy facilities to meet clean energy 5 

commitments and resource-specific customer demand.3 In addition, DTE has 6 

already committed to building the Blue Water Energy Center natural gas plant to 7 

replace Tier 2 coal plants slated to retire by 2022.4 Given these conditions, DTE 8 

would not need to develop additional capacity until it retires additional existing 9 

units beyond the Tier 2 coal plants. 10 

Q What causes the Company’s identified capacity need starting in 2030? 11 

A The identified capacity need results from the expected retirement of DTE’s Belle 12 

River coal plant. Under DTE’s current plans, Belle River Unit 1 will retire in 13 

2029 and Belle River Unit 2 will retire in 2030.5 14 

Q At what stage in its IRP process did DTE determine that it does not expect 15 

to have a capacity need within the next 10 years? 16 

A DTE initially determined its next expected capacity need as part of the second 17 

step in its IRP process, prior to conducting any of its IRP modeling.6 At this 18 

stage, DTE determined that it would not have a capacity need until the 19 

retirements of Belle River Units 1 and 2.7 20 

                                                           
2 DTE Revised Exhibit A-3, page 94. 
3 Revised Direct Testimony of Laura Mikulan, pages 17-18. 
4 DTE’s Tier 2 coal plants include St. Clair, River Rouge, and Trenton Channel. 
5 DTE Application, page 3. 
6 Revised Direct Testimony of Laura Mikulan, page 7. 
7 DTE initially identified a capacity need starting in 2029 following the retirement of Belle River 1. However, 

following adjustments to factors including demand for voluntary green pricing programs, DTE revised its expectation 
to a capacity need starting in 2030. 
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Q How did DTE present its proposed course of action (PCA) for this IRP? 1 

A DTE divided its PCA into two time periods.8 The defined PCA covers the five 2 

years from 2020-2024 and identifies a specific set of near-term actions for 3 

Commission approval.9 The flexible PCA covers the years from 2025-2035 and 4 

“is by its nature undefined.”10 The flexible PCA intentionally leaves open the 5 

question of what resources to build when the forecasted capacity need arises in 6 

2030. 7 

Q Please summarize the modeling approach used by DTE as part of this IRP. 8 

A DTE used the Strategist model to determine optimal resource portfolios under a 9 

range of scenarios and sensitivities including various combinations of gas prices, 10 

emission prices, load growth, capital costs, resource penetration levels, and 11 

retirement dates.11 Ultimately, DTE estimated that its Strategist analyses 12 

involved approximately 77 scenarios and sensitivities and over 138 model runs.12 13 

DTE subsequently used the Aurora model to conduct a stochastic risk analysis of 14 

13 well-performing portfolios selected from the Strategist runs.13 Finally, DTE 15 

used Strategist to model and compare four fixed alternative PCA pathways just 16 

prior to its IRP filing.14 These PCA runs were conducted approximately 6 to 9 17 

months following the other Strategist runs and they accounted for updates to 18 

parameters such as wind capacity credits, demand response forecasts, Tier 2 19 

retirement dates, and future voluntary green pricing (VGP) renewables program 20 

                                                           
8 Revised Direct Testimony of Laura Mikulan, pages 17-18. 
9 DTE Application, page 4. 
10 Id. 
11 Revised Direct Testimony of Laura Mikulan, pages 32-42. 
12 Revised Direct Testimony of Laura Mikulan, page 43. 
13 Revised Direct Testimony of Laura Mikulan, pages 127-129; DTE Revised Exhibit A-3, page 40. 
14 Revised Direct Testimony of Laura Mikulan, page 43. 
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levels.15 Separately, DTE used the PROMOD model to conduct near-term Tier 2 1 

unit retirement assessments. 2 

Q Do you have concerns with the focus of DTE’s modeling analyses in this 3 

IRP? 4 

A Yes. I find that DTE’s analyses were overly focused on the question of what 5 

resources to build in 2030. DTE’s analyses were generally designed to address 6 

two decisions within DTE’s control: what level of EWR to invest in and what 7 

resources to develop in 2030. The assessment of alternative EWR levels is 8 

relevant to immediate near-term decisions contained within DTE’s defined PCA. 9 

But the decision of what resources to build in 2030 is one that DTE is not 10 

committing to in this IRP. It is therefore strange that DTE devoted so many 11 

resources to this decision in this IRP. 12 

Q Were there other questions that should have received more attention from 13 

DTE in this IRP? 14 

A Yes. DTE should have devoted more resources to evaluating decisions that are 15 

relevant to its near-term defined PCA period. Once DTE established that it 16 

would not have a capacity need until 2030 under its current planned retirement 17 

dates, it should have put greater focus on whether to accelerate the retirement 18 

dates of existing resources. In particular, DTE should have more rigorously 19 

evaluated the possibility of retiring one or more of its Belle River and Monroe 20 

coal units by the mid-2020s.  21 

IV. INSUFFICIENT ASSESSMENT OF COAL UNITS 22 

Q What coal unit retirement analyses did DTE conduct as part of its IRP? 23 

A DTE’s IRP filing presented the following coal unit retirement assessments: 24 

                                                           
15 Revised Direct Testimony of Laura Mikulan, pages 134-135. 
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1. Two sensitivities evaluated accelerating the retirement dates for the 1 

remaining St. Clair and Trenton Channel units by up to one year 2 

each.16 These sensitivities were conducted using the PROMOD model 3 

and assumed market replacement of retiring resources. Based in part 4 

on these analyses, DTE chose to move up the retirement dates of St. 5 

Clair Unit 7 and Trenton Channel Unit 9 from 2023 to 2022.17 6 

2. Two sensitivities looked at one set of alternative retirement dates for 7 

Belle River Units 1 and 2. DTE used Strategist to conduct these 8 

analyses, which evaluated retiring Belle River 1 and 2 in 2025 and 9 

2026, respectively, rather than 2029 and 2030.18 The alternative Belle 10 

River retirement dates were evaluated under both Reference and 11 

Emerging Technology (ET) scenario assumptions in reaction to a 12 

stakeholder request.19 DTE found a $39 million net present value 13 

revenue requirement (NPVRR) benefit to continue operating the Belle 14 

River units under both sets of assumptions, and therefore decided to 15 

retain the existing 2029/2030 retirement dates.20 16 

3. A unit-specific assessment evaluated whether to continue operating 17 

River Rouge Unit 3 using recycled industrial gases through 2022 18 

rather than retiring the unit in 2020, as previously planned.21 DTE 19 

concluded that there was a benefit to operating the unit through 20 

2022.22 21 

                                                           
16 Revised Direct Testimony of Laura Mikulan, page 52. 
17 Direct Testimony of Matthew Paul, page 17. 
18 Revised Direct Testimony of Laura Mikulan, page 60. 
19 The Reference scenario reflects DTE’s preferred set of commodity price and capital cost assumptions. The ET 

scenario used U.S. Energy Information Administration (EIA) gas price assumptions and assumed lower cost 
trajectories for solar, wind, battery, demand response, and EWR resources. Revised Direct Testimony of Laura 
Mikulan, pages 33-34. 

20 Revised Direct Testimony of Laura Mikulan, pages 87, 107. 
21 DTE Exhibit A-17.2. 
22 Direct Testimony of Matthew Paul, page 15. 
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4. A unit-specific assessment evaluated whether to continue operating St. 1 

Clair Unit 1 through 2022 or shut the unit down in 2019.23 This 2 

assessment was conducted in response to an unexpected need for 3 

costly repairs in order to continue operating St. Clair 1.24 The 4 

Company concluded that it did not make sense to continue operating 5 

the unit beyond 2019.25 6 

Q Did DTE conduct any evaluations of any of its Monroe coal units as part of 7 

this IRP? 8 

A No. DTE did not assess any of the Monroe coal units. Instead, the Company’s 9 

IRP analyses assumed that each Monroe unit will operate until 2040.26 10 

Q In your opinion, did DTE conduct a reasonable array of coal unit retirement 11 

assessments as part of this IRP? 12 

A No. There are two primary problems with the coal assessments conducted by 13 

DTE in this IRP. First, DTE was not justified in failing to assess any of the 14 

Monroe units. Second, DTE’s assessments of the Belle River units were 15 

insufficiently rigorous. 16 

a. DTE ACTED UNREASONABLY IN FAILING TO ASSESS ANY OF THE 17 

MONROE UNITS 18 

Q What was DTE’s explanation for its failure to evaluate the economics of the 19 

Monroe units? 20 

A DTE argued that the Monroe units are the most efficient in the DTE fleet in 21 

terms of heat rates and emission rates and therefore need not be considered for 22 

accelerated retirement under Michigan’s IRP requirements.27 23 

                                                           
23 DTE Exhibit A-17.1. 
24 Direct Testimony of Matthew Paul, page 14. 
25 Id. 
26 Revised Direct Testimony of Laura Mikulan, page 60. 
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Q Is it true that the Monroe units are the most efficient units in DTE’s coal 1 

fleet? 2 

A It is true that the Monroe units are among the most efficient coal units in DTE’s 3 

fleet. But it is not the case that the Monroe units are equally efficient. Figure 1 4 

presents the historical net heat rates of the Monroe units from 2014 through 5 

2018. Over that period, Monroe 3 was the most energy-efficient unit, with a heat 6 

rate of about 10,000 British thermal units (Btu) per kilowatt-hour (kWh). 7 

Monroe 2, in contrast, had an average annual heat rate greater than 10,300 Btu 8 

per kWh from 2014 to 2018 and had an average heat rate greater than 10,800 Btu 9 

per kWh in 2016. 10 

Figure 1. Monroe Unit Historical Heat Rates, 2014-2018 11 

 12 
 Source: DTE Discovery Response No. MECNRDCSCDE-2.7. 13 

Q Is it reasonable for DTE to apply the label of “most efficient” to all of the 14 

Monroe units? 15 

A No. While DTE could have reasonably claimed that Monroe 3 is its most energy-16 

efficient coal unit, it does not make sense to apply that claim to the entire coal 17 

plant. In general, it is not reasonable to claim that all four of the Monroe units, 18 

                                                                                                                                                                             
27 Id. 
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representing more than 3,000 megawatts (MW) of capacity, deserve to be labeled 1 

as “the most efficient in the DTE fleet” and not worth assessing. 2 

Q Is a coal unit’s energy efficiency determinative of the economic value of that 3 

unit? 4 

A Not necessarily. All else equal, a coal unit with a lower heat rate will provide 5 

greater economic value than a unit with a higher heat rate. But there are 6 

numerous other factors that contribute to a unit’s economic viability or, put 7 

another way, the economic efficiency of continuing to operate a unit. Such 8 

factors include fuel costs, environmental compliance costs, forced outage rates, 9 

age, location-specific energy prices, and necessary sustaining operational and 10 

capital expenses, among other characteristics. Even if DTE believes that the 11 

Michigan IRP rules do not require it to assess the economics of the Monroe units 12 

because they are relatively energy efficient, prudent utility practice suggests that 13 

DTE should have at least run a screening-level economic assessment of the 14 

Monroe units rather than exempting them from all analysis. 15 

Q Please summarize your conclusions regarding the Monroe plant. 16 

A I conclude that the Commission should require DTE to conduct an economic 17 

assessment of alternative Monroe unit retirement dates in its next IRP filing.  18 

b. DTE’S ASSESSMENT OF THE BELLE RIVER UNITS WAS NOT SUFFICIENTLY 19 

RIGOROUS 20 

Q What is the basis for your claim that DTE’s assessment of the Belle River 21 

units was not sufficiently rigorous? 22 

A Given the relevance of the Belle River retirement date decision to DTE’s near-23 

term actions, the Belle River economic assessment deserved a central place in 24 

DTE’s analytical process. Instead, DTE’s assessment of the Belle River units 25 

was limited to only two sensitivity assessments. Out of more than 138 total 26 

model runs, DTE examined only eight that looked at alternative coal retirement 27 
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dates, representing less than six percent of DTE’s model runs. In addition, none 1 

of the portfolios evaluated through DTE’s stochastic risk analysis or qualitative 2 

planning principle application analysis included alternative retirement dates for 3 

either Belle River unit.28 Furthermore, no alternative Belle River retirement dates 4 

were incorporated in any of the final PCA pathway analyses.29 This last 5 

oversight is particularly noteworthy because DTE’s PCA pathway analyses were 6 

the only modeling analyses that used the Company’s most up-to-date 7 

assumptions as of the time of the Company’s IRP filing. 8 

These shortcomings in DTE’s analytical framework are in addition to the 9 

analytical errors and unreasonable assumptions contained within DTE’s Belle 10 

River retirement sensitivities, as discussed throughout the rest of my testimony. 11 

Q Can you provide an example of an updated assumption that was used in 12 

DTE’s PCA pathway analyses but not in any of its Belle River retirement 13 

analyses? 14 

A Yes. DTE’s Belle River retirement analyses, like the rest of its Starting Point 15 

analyses, assumed that DTE would develop 300 MW of wind resources to meet 16 

VGP demand by 2040.30 But DTE’s PCA pathway analyses incorporated the 17 

Company’s updated assumption that it would develop 465 MW of VGP wind by 18 

2021 and between 465 MW and 1,390 MW of VGP renewables by 2040.31 19 

Updating this assumption reduces the perceived need for other generation 20 

resources, including the ongoing operation of the Belle River units. Other 21 

updated assumptions incorporated in DTE’s PCA pathways analyses, but not its 22 

Belle River retirement analyses, included wind capacity credit values, MISO 23 

                                                           
28 Revised Direct Testimony of Laura Mikulan, pages 128-133. 
29 Revised Direct Testimony of Laura Mikulan, pages 137-141. 
30 DTE Exhibit A-5, page 4. 
31 DTE Exhibit A-5, page 3. 
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planning reserve margin requirement (PRMR) parameters, and demand response 1 

forecasts.32 2 

Q How would you recommend that DTE modify its Belle River retirement 3 

assessment framework? 4 

A DTE’s future Belle River coal unit retirement analyses should: 5 

1. Evaluate a broader range of retirement dates, including retirement 6 

dates timed to minimize major new capital expenses; 7 

2. Apply all IRP risk analyses to the retirement decision; and 8 

3. Make use of the most up-to-date assumptions available to the 9 

Company. 10 

V. REPRESENTATION OF BELLE RIVER UNITS IN EARLY RETIREMENT SENSITIVITIES 11 

Q Please summarize this section. 12 

A In this section I describe two errors in the way that DTE represented the 13 

operation of the Belle River units in Strategist in its Belle River early retirement 14 

sensitivities. These errors include a mischaracterization of the capacity provided 15 

by the Belle River units under an early retirement scenario and an 16 

understatement of the costs associated with continuing to operate the Belle River 17 

units beyond 2025. Both of these errors bias DTE’s analysis in favor of 18 

continuing to operate the Belle River units. 19 

                                                           
32 Revised Direct Testimony of Laura Mikulan, page 134. 
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a. DTE’S MODELING UNDERSTATES THE PEAK CAPACITY THE BELLE RIVER 1 

UNITS WOULD PROVIDE UNDER AN EARLY RETIREMENT SCENARIO 2 

Q When would DTE retire the Belle River units under its modeled early 3 

retirement scenario? 4 

A Under the early retirement scenario, DTE would retire Belle River Units 1 and 2 5 

on December 31, 2025 and December 31, 2026, respectively.33  6 

Q Was DTE’s Strategist modeling of the Belle River units’ capacity 7 

contributions consistent with these early retirement dates? 8 

A No. As described by DTE in discovery and verified by Strategist reports, DTE did 9 

not model Belle River in a way that is consistent with its selected early retirement 10 

dates. Instead, it modeled Belle River 1 as providing zero peak capacity in 2025 11 

and Belle River 2 as providing zero peak capacity in 2026 under the early 12 

retirement scenario, despite those units being online throughout those years under 13 

all retirement alternatives evaluated.34 14 

Q Was DTE’s modeling of Belle River’s energy revenues and operating costs 15 

consistent with its modeling of Belle River’s capacity contribution? 16 

A No. DTE modeled Belle River 1 and 2 as continuing to provide energy and incur 17 

operational costs through the end of 2025 and 2026, respectively, even under an 18 

early retirement scenario. 19 

Q What is the effect of this inconsistent characterization of the Belle River 20 

units? 21 

A This error makes the early retirement of the Belle River units appear less 22 

economic than it is. The error causes the model to perceive a capacity need in 23 

2025 under the early retirement scenario, whereas in fact the specified early 24 

retirement scenario could not reasonably result in a capacity need prior to 2026. 25 

                                                           
33 Exhibit MEC-18, DTE Discovery Response No. MECNRDCSCDE-6.1c.  
34 Exhibit MEC-19, Attachment “MECNRDCSCDE-6.7a Belle River Retirement sensitivity modeling.pdf” 
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The model’s perception of an earlier need for replacement resources in turn 1 

inaccurately increases the perceived cost of the early retirement option. 2 

Q Has DTE acknowledged this error? 3 

A No. In discovery, DTE argued that its characterization of the Belle River units 4 

was correct. DTE claimed that since the MISO planning year runs from June to 5 

May, and since the Belle River units would retire in December 2025 and 6 

December 2026 under the modeled early retirement scenario, the units would not 7 

be available for the full MISO planning years that start in 2025 and 2026, 8 

respectively.35 DTE used this line of reasoning to support its claim that it was 9 

correct to model Belle River 1 and 2 as providing zero peak capacity in years 10 

throughout which they would be fully operational. 11 

Q Is DTE’s defense of its modeling of the Belle River units convincing? 12 

A No. The start and end dates of the MISO planning year are not directly relevant 13 

to DTE’s Strategist modeling. Both the MISO and Strategist resource adequacy 14 

constructs are designed to ensure provision of sufficient capacity to meet peak 15 

demand in each year. Whether that result is assured on the basis of the calendar 16 

year, as in Strategist, or the MISO planning year is not material. It is obvious that 17 

a unit that is operating and providing energy throughout the 2025 calendar year 18 

would also be available to contribute towards meeting peak load throughout that 19 

year. If DTE had correctly modeled Belle River 1 in this way, Strategist would 20 

have selected the resources necessary to replace the retiring Belle River 1 21 

capacity in 2026. And if DTE had correctly modeled Belle River 2, Strategist 22 

would have selected the resources necessary to replace the retiring Belle River 2 23 

capacity in 2027. Instead, DTE forced the model to think it would need to build 24 

Belle River 1 replacement capacity in time for the summer of 2025, and Belle 25 

River 2 replacement capacity in time for the summer of 2026, despite the fact 26 

                                                           
35 Exhibit MEC-20, DTE Discovery Response No. MECNRDCSCDE-8.8c. 
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that the resources being replaced would still be operating throughout those 1 

summers and years. DTE’s approach in this regard is plainly unreasonable. 2 

Q Would MISO allow the Belle River units to count as capacity for a MISO 3 

planning year during which they would retire? 4 

A Yes. MISO documentation makes clear that generation resources slated for 5 

retirement during a given planning year may still be used to meet resource 6 

adequacy retirements for that year so long as they are “replaced effective with 7 

their change of status date.”36 In other words, MISO would allow the Belle River 8 

units to count as providing capacity in each month in which they operate. This is 9 

another reason why DTE’s modeling approach does not make sense. 10 

Q Could DTE have resolved this issue by aligning the evaluated Belle River 11 

early retirement dates with the MISO planning year? 12 

A Yes. DTE could have resolved this issue by setting the Belle River early 13 

retirement dates in May, consistent with the end of the MISO planning year, 14 

rather than December. In fact, DTE did exactly this when planning for its 15 

currently assumed Belle River retirement dates, which were set for May 2029 16 

and May 2030.37 17 

b. DTE’S MODELING UNDERSTATES THE FIXED COSTS ASSOCIATED WITH 18 

CONTINUING TO OPERATE THE BELLE RIVER UNITS 19 

Q How did DTE model the fixed costs associated with continuing to operate 20 

the Belle River units through 2029 and 2030 under the Belle River 21 

retirement sensitivity analyses? 22 

A DTE developed alternative sets of Belle River fixed O&M and capital cost 23 

trajectories under the default 2029/2030 retirement dates and under the earlier 24 

                                                           
36 MISO Resource Adequacy Business Practice Manual Section 4.2.1.1, page 29. Effective Date February 20, 2019. 
37 Revised Direct Testimony of Laura Mikulan, page 37. 



PUBLIC DIRECT TESTIMONY OF AVI ALLISON 
U-20471 

 
 

 

20 
 

2025/2026 retirement dates.38 DTE then calculated the annual differences in 1 

O&M and capital costs between those two sets of retirement dates and ran those 2 

differences through the Company’s revenue requirement model to determine 3 

annual differences in fixed cost revenue requirements. Finally, the Company 4 

calculated the NPVRR of the fixed cost differential and entered that value into 5 

Strategist as associated with continuing to operate Belle River 1 and 2 through 6 

2029/2030 rather than retiring those units in 2025/2026. The actual values input 7 

to Strategist to represent these NPV fixed costs consisted of a 2018 base year 8 

revenue requirement of [[ ]] million and an unsupported annual cost 9 

escalation rate of [[ .]] 10 

Q Does DTE’s approach accurately represent the NPV fixed costs of 11 

continuing to operate the Belle River units? 12 

A No. There are two errors underlying DTE’s representation of the NPV fixed 13 

costs of continuing to operate the Belle River units. First, the base year revenue 14 

requirement value used in Strategist captures only the revenue requirement 15 

impacts incurred through 2040 rather than the full stream of revenue requirement 16 

impacts, including those incurred after 2040.39 Second, the annual escalation rate 17 

that DTE entered in Strategist is baseless and does not produce the correct level 18 

of costs in the year in which the ongoing operation of the Belle River units 19 

would actually be selected in Strategist. Given its use of a 2018 base year 20 

revenue requirement, DTE should have used an escalation rate equal to the DTE 21 

discount rate of 6.67 percent.  22 

Q Why should DTE have used an escalation rate of 6.67 percent? 23 

A The Strategist replacement resources associated with the continued operation of 24 

the Belle River units cannot be selected prior to 2025 or 2026, so what matters to 25 

the model is not the resource’s base year NPVRR but the NPVRR in those years. 26 

                                                           
38 DTE Exhibits A-13 and A-16. 
39 Exhibit MEC-21, DTE Workpaper LKM-654, tab “Revenue Requirement Summary.” 
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One way to arrive at the correct NPVRR fixed cost value in 2026 would be to 1 

simply discount all fixed costs to 2026. Instead, DTE used its 6.67 percent 2 

discount rate to discount all costs beyond 2026, to the 2018 base year. To convert 3 

the 2018 base year value back into the correct 2026 value, all DTE would need to 4 

do is unwind its previous discounting by escalating its calculated base year 5 

NPVRR value at its 6.67 percent annual discount rate. Using an escalation rate 6 

lower than 6.67 percent, as DTE did, causes Strategist to understate the NPVRR 7 

fixed cost of deciding to continue operating the Belle River units in 2026.  8 

Q Did you evaluate the impact of correcting these errors? 9 

A Yes. I calculated what the actual fixed cost NPVRR of continuing to operate the 10 

Belle River resources should be. I did this by extending DTE’s NPVRR 11 

calculation to incorporate the full stream of revenue requirement impacts and by 12 

discounting those revenue requirements to 2026, the year in which the Belle 13 

River ongoing operation resource should enter into service.40 I estimate that 14 

DTE’s Strategist modeling understated the fixed cost NPVRR associated with 15 

continuing to operate the Belle River units by 31 percent, or $56 million in 2018 16 

NPV dollars. 17 

Q Can you put the impact of this correction in context? 18 

A Yes. DTE’s two Belle River early retirement sensitivity analyses both found that 19 

continuing to operate the Belle River units would result in $39 million in 20 

NPVRR savings relative to replacing the Belle River units with alternative 21 

resources. The $56 million correction is enough by itself to overturn the findings 22 

of both sensitivity analyses, turning a $39 million benefit into an approximately 23 

$17 million incremental cost of continuing to operate. 24 

                                                           
40 DTE modeled the ongoing operation resources as coming online in 2025. But, per the above discussion, there 
would actually be no need for such resources prior to 2026, since Belle River 1 does not retire until December 31, 
2025 under the early retirement scenario. 
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VI. CALCULATION ERRORS UNDERLYING NEW GENERATION RESOURCE FIXED COST 1 

ASSUMPTIONS 2 

Q Please summarize DTE’s approach to modeling the fixed costs of potential 3 

new generation resources. 4 

A DTE calculated fixed cost values for each potential new generation resource 5 

within spreadsheet models and input those values directly into Strategist.41 In 6 

particular, within its levelized cost of energy (LCOE) model, DTE calculated 7 

fixed cost NPVRR values for each potential new resource assuming an 8 

installation year of 2018.42 These values were entered into Strategist as the “base 9 

year revenue requirement” and were intended to be entered in units of 2018 10 

dollars.43 DTE then calculated fixed cost NPVRR values for each resource 11 

assuming an installation year of 2024, in units of 2024 dollars. The Company 12 

then used the difference between the 2018 and 2024 values to come up with 13 

annual escalation rates to enable Strategist to determine the proper revenue 14 

requirement for each installation year after 2018.44  15 

Q Did you identify any errors in DTE’s approach to modeling the fixed cost 16 

NPVRR of potential new generation resources? 17 

A Yes. While calculating the NPVRR values, DTE mistakenly over-discounted 18 

fixed costs for all new generation resource options. For each resource, rather than 19 

discounting to the first year of operation, DTE discounted back to the year when 20 

the construction of the resource would start. This spreadsheet calculation error 21 

affects all new generation resources modeled by DTE.  22 

                                                           
41 Revised Direct Testimony of Laura Mikulan, pages 76-77. 
42 DTE Workpaper LKM-448 UPDATED. 
43 DTE Discovery Response No. MECNRDCSCDE-7.9(a-c). 
44 Slight differences apply to resources only available in certain years. For example, resource options representing 

wind projects eligible for a federal production tax credit were designed to only be available in a single year and were 
intended to be entered in Strategist in the dollar year associated with the year of initial operation. 
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Q Can you provide examples of how this error applies to particular resources? 1 

A Yes. When DTE attempted to calculate a base year NPVRR in 2018 dollars, it 2 

invariably calculated the base year NPVRR for a prior year. For example, for a 3 

resource with a three-year build time, such as an advanced combined cycle gas 4 

unit, DTE calculated the base year NPVRR in 2015 dollars.45 In contrast, for a 5 

resource with a one-year build time, such as a single-axis tracking solar facility, 6 

DTE calculated the base year NPVRR in 2017 dollars.46 7 

Q What is the effect of this over-discounting? 8 

A The result is that DTE understates the fixed cost NPVRR of every potential new 9 

generation resource option. 10 

Q Does this error impact all resources equally? 11 

A No. In discovery, DTE claimed that it performed all fixed cost NPVRR 12 

calculations in a manner that “was consistent across all technologies.” 47 13 

However, while the nature of DTE’s error was consistent across new generation 14 

resources, the impact of that error certainly was not. Further, the error does not 15 

manifest at all for non-generation resource options, such as EWR programs. 16 

Q Please describe how this error impacts new generation resources differently. 17 

A This error differentially impacts new generation resources in at least two ways. 18 

First, by erroneously discounting to the year of construction commencement for 19 

a resource, DTE biases its analysis in favor of new generation resources with 20 

longer build times (such as nuclear, gas, and wind) and against those with shorter 21 

build times (such as solar). Second, because this error is applied to the fixed 22 

costs of new generation resources, it biases the analysis in favor of new 23 

generation resources for which fixed costs constitute a greater percentage of total 24 

                                                           
45 Exhibit MEC-22, DTE Workpaper LKM-448 UPDATED, tab “AdvCC,” cell J31. 
46 Exhibit MEC-23, DTE Workpaper LKM-448 UPDATED, tab “SolarTr,” cell J31. 
47 Exhibit MEC-24, DTE Discovery Response No. MECNRDCSCDE-7.12b. 
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costs (such as wind) over those for which fixed costs represent a smaller 1 

percentage of total costs (such as gas resources).  2 

Q Please describe how this error impacts new demand-side resources. 3 

A This error does not appear in NPVRR calculations for new demand-side 4 

resources, such as demand response and energy efficiency.48 Therefore, new 5 

generation resources appear more favorable relative to new demand-side 6 

resources than they would absent this error. This biases DTE’s analysis against 7 

demand-side resources. 8 

Q Have you estimated the magnitude of this error? 9 

A Yes. For resources with an assumed construction time of three years, such as 10 

wind and natural gas resource options, the error results in DTE underestimating 11 

NPV fixed costs by about 21 percent for all potential build years. For resources 12 

with an assumed construction time of one year, such as single-axis tracking solar 13 

resources, the error results in DTE underestimating NPV fixed costs by about 7 14 

percent for all potential build years. 15 

Q In what scenarios does this error occur? 16 

A Since DTE’s fixed cost NPVRR spreadsheet calculations are used in every 17 

Strategist scenario, this error evidently impacts every Strategist run. Thus, every 18 

one of DTE’s Strategist runs is unreliable. The same goes for the conclusions 19 

based on those runs, which include elements of both the “defined” and “flexible” 20 

portions of DTE’s PCA. 21 

Q How does this error relate to the ET and Environmental Policy scenario 22 

solar cost error that DTE previously identified and corrected? 23 

A The over-discounting error I have identified is entirely separate from the solar 24 

cost modeling error that made it necessary for DTE to correct all of its ET and 25 

Environmental Policy (EP) model runs and file a revised IRP and revised 26 
                                                           
48 DTE Workpaper LKM-650, tab “Revenue Requirement Summary.” 
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testimony. The presence of this separate substantial issue impacting all modeling 1 

runs raises serious questions about the reliability of DTE’s IRP quality control 2 

process. 3 

Q What do you conclude with respect to this DTE calculation error that 4 

impacts cost assumptions for all generation resources in all model runs? 5 

A I conclude that this error is substantial and far-reaching enough to render DTE’s 6 

IRP unreliable and imprudent. 7 

VII. RENEWABLE RESOURCE ASSUMPTIONS 8 

Q Please summarize this section. 9 

A In this section I show that DTE’s modeling used a variety of unreasonable and 10 

outdated assumptions, inappropriate calculations, and restrictive modeling 11 

choices that biased its modeling against renewable resources. These flaws are in 12 

addition to the previously discussed fixed cost workpaper errors, which bias 13 

DTE’s results against resources with short construction times, such as solar. The 14 

flaws include the following: 15 

1. Use of unreasonably pessimistic wind resource assumptions. 16 

2. Use of outdated and low wind capacity credit assumptions. 17 

3. Use of unreasonably low capacity credit for solar resources. 18 

4. Inappropriate calculation of solar resource levelized energy and 19 

capacity provision. 20 

5. Over-statement of near-term solar capital costs. 21 

6. Use of outdated and unreasonably high solar fixed O&M assumptions. 22 

7. Inability to select near-term renewables eligible for federal tax credits. 23 
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a. DTE’S MODELING ASSUMES UNREASONABLY HIGH WIND COSTS AND LOW 1 

WIND CAPACITY FACTORS 2 

Q What was the basis for DTE’s assumed wind resource capital costs and 3 

capacity factors? 4 

A DTE’s assumed wind resource capital costs and capacity factors are based on the 5 

National Renewable Energy Laboratory (NREL) 2018 Annual Technology 6 

Baseline (ATB) mid-case estimates for techno-resource group (TRG) 7.49  7 

Q Is NREL ATB the best source for near-term wind costs and capacity 8 

factors? 9 

A No. When considering near-term resource selection, a utility should ideally issue 10 

an RFP to get more detailed estimates of the costs and operating characteristics 11 

of available wind resources. However, if actual market information is not 12 

available, NREL ATB is a widely used and reasonable source for projecting the 13 

costs and operating characteristics of generic future generation resources. 14 

Q What are the cost and operating characteristics of ATB’s TRG 7 wind 15 

resource type? 16 

A TRG 7 represents one of the worst-performing and most expensive wind 17 

resource types listed in NREL’s 2018 ATB. Out of the ten resource types 18 

included in ATB it has the fourth lowest capacity factor and the fourth highest 19 

capital costs.50 TRG 7 wind is associated with a 2018 capacity factor of 32 20 

percent and a 2018 installed capital cost of $1,712 per kilowatt (kW).51 DTE’s 21 

workpapers indicate that, using TRG 7 wind assumptions, the levelized cost of 22 

DTE wind projects installed in 2021 will be $54 per megawatt-hour (MWh) for 23 

                                                           
49 Direct Testimony of Terri Schroeder, page 19. 
50 Exhibit MEC-25, NREL 2018 ATB, tab “Land-Based Wind.”  
51 Capital costs are presented in nominal dollars here for consistency with DTE’s inputs, though they are presented in 

2016 dollars within the ATB workbook. See DTE Workpaper LKM-460, tab “Wind Cost,” row 19. 



PUBLIC DIRECT TESTIMONY OF AVI ALLISON 
U-20471 

 
 

 

27 
 

resources with access to the full federal production tax credit (PTC) and $74 per 1 

MWh for resources without access to the PTC.52 2 

Q What is the basis for DTE’s decision to use TRG 7 as the basis for its 3 

assumed wind resource capital costs and capacity factors? 4 

A First, DTE assumed that all of its new wind resources built between now and 5 

2040 must be built in Michigan but outside of the Thumb region.53 DTE then 6 

decided that TRG 7 best represents non-Thumb Michigan wind. It did this 7 

through a subjective process in which it looked at an NREL map of Michigan 8 

average wind speeds and compared those wind speeds to the wind speed ranges 9 

and weighted average wind speeds associated with each TRG.54 DTE concluded 10 

from viewing the NREL wind speed map that average wind speeds in the non-11 

Thumb region of Michigan range from below 5.5 meters per second to 12 

approximately 7.0 meters per second. It then decided that this state-wide range of 13 

wind speeds is most appropriately represented by TRG 7. Table 1 reproduces the 14 

TRG data that DTE used to come to that conclusion. 15 

Table 1. Wind Speeds Associated with ATB TRGs 16 

TRG Wind Speed Range 
(m/s) 

Weighted Average Wind Speed  
(m/s) 

TRG 1 8.2–13.5 8.7 
TRG 2 8.0–10.9 8.4 
TRG 3 7.7–11.1 8.2 
TRG 4 7.5–13.1 7.9 
TRG 5 6.9–11.1 7.5 
TRG 6 6.1–9.4 6.9 
TRG 7 5.4–8.3 6.2 
TRG 8 4.7–6.9 5.5 
TRG 9 4.0–6.0 4.8 
TRG 10 1.0–5.3 4 
Sources: NREL ATB; Exhibit MEC-26, DTE Discovery Response No. MECNRDCSCDE-6.4b.  17 

                                                           
52 DTE Workpaper LKM-448 UPDATED, tab “LCOE chart” (using “Wind” tab inputs consistent with 2021 resource 

inputs identified on tab “Strategist (REF & BAU))”). 
53 Direct Testimony of Terri Schroeder, page 19. See also Exhibit MEC-24, DTE Discovery Response No. 

MECNRDCSCDE-7.12b. 
54 Exhibit MEC-26, DTE Discovery Response No. MECNRDCSCDE-6.4a-b. 
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Q Do you agree with DTE’s determination that TRG 7 appropriately 1 

represents available non-Thumb Michigan wind resources? 2 

A No. DTE’s process for deciding that TRG 7 best represents available wind 3 

resources was based on a flawed comparison of the NREL wind maps and NREL 4 

TRG characteristics. DTE evidently used TRG 7 to represent non-Thumb 5 

Michigan wind because the range of average Michigan wind speeds is consistent 6 

with the range and average wind speeds associated with TRG 7. But DTE would 7 

not reasonably pursue wind resources in sites with average Michigan-wide wind 8 

speeds. Instead, even assuming it is limited to building resources in non-Thumb 9 

areas of Michigan, the Company should build resources in the best sites within 10 

that region. As DTE itself states, the NREL wind speed map indicates that the 11 

best non-Thumb Michigan areas have average wind speeds of up to 7.0 meters 12 

per second.55 This average wind speed is consistent with TRG 6 (which has a 13 

weighted average wind speed of 6.9 meters per second), not TRG 7 (which has a 14 

weighted average wind speed of 6.2 meters per second). Thus, DTE should have 15 

used TRG 6 to represent non-Thumb Michigan wind resources.  16 

Q What are the cost and operational characteristics of TRG 6 wind resources? 17 

A Under NREL’s 2018 ATB mid-case estimates, TRG 6 wind resources have a 18 

2018 capacity factor of 38 percent and a 2018 installed cost of $1,653 per kW. 19 

These values are 6 percent higher and $59 per kW lower, respectively, than the 20 

analogous values for TRG 7. 21 

Q Does data from recently signed DTE wind contracts support your 22 

contention that using TRG 7 to represent non-Thumb Michigan wind 23 

resources is overly pessimistic? 24 

A Yes. DTE has represented that its recently approved Fairbanks wind project, 25 

located in Delta County in Michigan’s Upper Peninsula, will have a net capacity 26 

factor of 39 percent, far higher than the capacity factor associated with TRG 7 27 

                                                           
55 Exhibit MEC-26, DTE Discovery Response No. MECNRDCSCDE-6.4b. 
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wind but similar to capacity factors associated with TRG 6.56 DTE has similarly 1 

stated that its recently approved Isabella wind project, located in Isabella County 2 

in mid-Michigan, will have an installed cost of $1,498 per kW, well below the 3 

capital costs associated with both TRG 7 and TRG 6 wind.57 Combining costs 4 

and capacity factors into a single LCOE metric provides an even clearer sense of 5 

the extent to which DTE’s wind resource assumptions are overly pessimistic. In 6 

discovery, DTE indicated that the Fairbanks project has a projected LCOE of 7 

[[ ]] per MWh58 and the Isabella project has an expected LCOE of [[8 

]] per MWh.59 These values are well below DTE’s TRG 7-based LCOE 9 

projections for resources with access to the full federal PTC. This indicates that 10 

DTE is already accessing non-Thumb Michigan wind resources that are superior 11 

to the wind resource assumptions contained in its IRP modeling.  12 

Q Does data from third parties support your contention that using TRG 7 to 13 

represent non-Thumb Michigan wind resources is overly pessimistic? 14 

A Yes. DTE included as one of its workpapers in this case the 2017 version of 15 

Lazard’s annual LCOE analysis, which is an industry-standard source of 16 

information.60 That analysis indicates that the LCOE of wind projects built in the 17 

U.S. ranges from $30-$60 per MWh for unsubsidized projects and ranges from 18 

$14-$52 per MWh for projects benefitting from the PTC. 61 The LCOE values 19 

associated with DTE’s assumptions are higher than this entire range. Similarly, 20 

the Lazard report indicates wind project capital costs ranging from $1,200-21 

$1,700 per kW.62 Again, DTE’s TRG 7-based capital cost estimate falls above 22 

                                                           
56 MPSC Case No. U-18232. June 18, 2019. DTE Application for Approval of the Fairbanks Wind Park-Build Transfer 

Contract and Related Relief. Page 6. 
57 MPSC Case No. U-18232. May 7, 2019. DTE Application for Approval of the Isabella Wind Farms Build-Transfer 

Contracts and Related Relief. Page 5. 
58 DTE Discovery Response No. MECNRDCSCDE-6.17NDA. 
59 DTE Discovery Response No. MECNRDCSCDE-6.18NDA. 
60 Exhibit MEC-27, DTE Workpaper LKM-263.  
61 Exhibit MEC-27, DTE Workpaper LKM-263, page 4. 
62 Exhibit MEC-27, DTE Workpaper LKM-263, page 11. 
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this range. Similarly, DTE included as a workpaper MISO’s MTEP19 Futures 1 

study.63 Once again, DTE’s assumptions are much higher than the MTEP Futures 2 

study’s assumed onshore wind capital costs of $1,505 per kW.64 Finally, 3 

Consumers Energy recently submitted an application in which it estimated that 4 

its Crescent Wind project will have an LCOE of $48 per MWh.65 This indicates 5 

that other Michigan utilities are also currently developing non-Thumb Michigan 6 

wind projects with LCOEs substantially lower than the values associated with 7 

DTE’s assumptions in this IRP. 8 

Q Was it reasonable for DTE to assume that it would not have access to any 9 

non-Michigan wind resources between now and 2040? 10 

A No. As discussed in the testimony of my colleague Bob Fagan, the wider MISO 11 

region has an abundant supply of high-performing wind resources. In addition, 12 

according to Mr. Fagan, DTE’s MISO Zone 7 is likely to have the ability to 13 

import much larger quantities of resources such as wind in the future than it can 14 

today.  15 

Q What does ATB indicate regarding the cost and operating characteristics of 16 

broader MISO wind resources? 17 

A Comparing NREL wind maps to the wind speeds associated with ATB TRGs 18 

indicates that the broader MISO region has substantial quantities of TRG 3 19 

resources. According to the 2018 ATB, such resources have 2018 capacity 20 

factors of 46 percent and 2018 capital costs below $1,600 per kW.66 These 21 

values are 14 percent higher and $112 per kW lower, respectively, than the 22 

analogous values for TRG 7. 23 

                                                           
63 Exhibit MEC-28, DTE Workpaper LKM-441. 
64 Exhibit MEC-28, DTE Workpaper LKM-441, page 15. 
65 MPSC Case No. U-15805-R. July 31, 2019. Consumers Energy Company’s Application for Ex Parte Approval of 

the Build Transfer Agreement Related to the Crescent Wind Project. Page 4. 
66 Exhibit MEC-25, NREL 2018 ATB, tab “Land-Based Wind.” 
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b. DTE’S OPTIMIZED MODELING RUNS ASSUMED WIND CAPACITY CREDIT 1 

VALUES LOWER THAN THE COMPANY’S CURRENT ASSUMPTION AT THE 2 

TIME OF FILING 3 

Q What capacity credit did DTE’s optimization modeling assume for new 4 

wind resources? 5 

A DTE’s Strategist optimization runs assumed an 11.7 percent capacity credit for 6 

new wind resources.67 7 

Q What is DTE’s current capacity credit assumption for new Michigan wind 8 

resources? 9 

A DTE currently assumes a 16 percent capacity credit for new Michigan wind 10 

resources.68 11 

Q What is the basis for DTE’s current wind capacity credit assumption? 12 

A DTE’s current 16 percent Zone 7 capacity credit assumption is based on MISO’s 13 

Planning Year 2019-2020 Wind Capacity Credit report.69 This report was 14 

published in December 2018. 15 

Q Did DTE use this updated 16 percent wind capacity credit assumption in 16 

any of its Strategist modeling runs? 17 

A Yes. However, DTE only used this updated assumption in its final PCA pathway 18 

modeling runs, which were not optimized runs. The updated capacity credit 19 

assumption was used only to update DTE’s underlying capacity position within 20 

the modeling runs, not to inform optimized selection of new resources.70 21 

Furthermore, none of the PCA pathways included any wind resources built to 22 

                                                           
67 Revised Direct Testimony of Laura Mikulan, page 82. 
68 DTE Discovery Response No. MECNRDCSCDE-5.19a. 
69 MISO. December 2018. Planning Year 2019-2020 Wind & Solar Capacity Credit. Page 4. 
70 Revised Direct Testimony of Laura Mikulan, page 44. 
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partially or fully replace the capacity provided by the Belle River plant.71 Thus, 1 

the updated wind capacity credit did not inform DTE’s selection of an optimal 2 

future resource portfolio and it certainly did not inform DTE’s decision 3 

regarding optimal Belle River unit retirement dates. 4 

Q Is it surprising that DTE did not use its updated wind capacity credit 5 

assumption in any optimized modeling runs? 6 

A Yes. Wind resources were selected by the Strategist model as part of a least-cost 7 

plan in many of DTE’s modeling runs.72 In addition, DTE’s modeling indicated 8 

that under ET scenario assumptions, replacing Belle River with a mix of wind 9 

and solar resources in 2025/2026 cost less than $40 million more than continuing 10 

to operate Belle River through 2029/2030.73 It is surprising that DTE did not 11 

conduct a single optimized run evaluating the impact of an adjustment that 12 

increases the capacity value of a competitive resource by 37 percent. 13 

Q Did you provide an updated wind capacity credit value for use in alternative 14 

Strategist runs? 15 

A Yes. I provided the 16 percent wind capacity credit assumption to Mr. Evans to 16 

use in certain Strategist runs. These runs are described in the testimony of Mr. 17 

Evans. 18 

                                                           
71 Revised Direct Testimony of Laura Mikulan, page 137. 
72 Revised Direct Testimony of Laura Mikulan, Table 11, pages 79-81.  
73 Revised Direct Testimony of Laura Mikulan, Table 31, page 107. 
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c. DTE’S MODELING ASSUMES UNREASONABLY LOW CAPACITY CREDITS 1 

FOR SINGLE-AXIS TRACKING SOLAR RESOURCES 2 

Q What did DTE assume regarding the capacity credit of future solar 3 

resources? 4 

A DTE’s IRP assumed a capacity credit, or Effective Load Carrying Capability 5 

(ELCC), of 50 percent for solar resources built through 2023.74 DTE then 6 

assumed that the solar capacity credit would decline by 2 percent per year until 7 

2033 and would then hold steady at 30 percent through the end of the planning 8 

period.75 9 

Q Did DTE’s solar capacity credit assumption differ between fixed-tilt and 10 

single-axis tracking systems? 11 

A No. DTE used the same assumption for all solar resources.76 12 

Q What is the basis for DTE’s solar capacity credit assumption? 13 

A DTE’s solar capacity credit assumption is based on MISO’s MTEP19 Futures 14 

Study.77  15 

Q What is the basis for an assumption of an initial solar capacity credit value 16 

of 50 percent? 17 

A MISO’s current default approach is to assign new solar resources without 18 

operational data a 50 percent capacity credit, based on a class average 19 

calculation.78 20 

                                                           
74 Revised Direct Testimony of Laura Mikulan, page 50. 
75 Id. 
76 Exhibit MEC-29, DTE Discovery Response No. MECNRDCSCDE-8.15(b). 
77 Exhibit MEC-28, DTE Workpaper LKM-441, page 25. 
78 MISO Resource Adequacy Business Practice Manual Section 4.2.3.5.1. BPM-011-r21. See also Exhibit MEC-29, 

DTE Discovery Response No. MECNRDCSCDE-8.15(a). 
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Q In practice, would a new solar resource be assigned a 50 percent capacity 1 

credit by MISO? 2 

A Yes, but only for its initial year of operation. The 50 percent value is a 3 

placeholder that is used until a solar resource has been online long enough to 4 

determine its capacity credit based on its actual performance. From then on, a 5 

solar resource’s capacity credit is based on its three-year historical average 6 

output during the hours between 2 p.m. and 5 p.m. during the summer months.79 7 

Q What types of solar resources did DTE model in Strategist? 8 

A DTE’s Strategist modeling of solar resources exclusively assessed single-axis 9 

tracking resources. Fixed-tilt resources were screened out of consideration during 10 

the LCOE screening phase of DTE’s analysis.80 11 

Q Is a 50 percent capacity credit representative of the likely capacity credit for 12 

single-axis tracking systems in Michigan under current MISO practices? 13 

A No. A 50 percent solar capacity credit is reasonably consistent with the expected 14 

performance of fixed-tilt solar systems. But it is far lower than the likely 15 

performance of Michigan single-axis tracking systems. 16 

Q Did you calculate a likely near-term capacity credit for new single-axis 17 

tracking solar facilities? 18 

A Yes. I used NREL’s PV Watts calculator to estimate the capacity credit 19 

associated with a typical single-axis tracking solar resource located in Detroit.81 I 20 

used the calculator to estimate the hourly generation profile of a system with an 21 

array tilt of 25 degrees, an array azimuth of 180 degrees, and a DC-AC ratio of 22 

1.3. I otherwise retained the system’s default parameters. The resulting 23 

generation profile was consistent with DTE’s assumed first-year AC capacity 24 

                                                           
79 MISO Resource Adequacy Business Practice Manual Section 4.2.3.5.1. 
80 Revised Direct Testimony of Laura Mikulan, page 66. 
81 PV Watts Calculator. https://pvwatts.nrel.gov/.  

https://pvwatts.nrel.gov/
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factor of 24.6 percent.82 However, the associated capacity credit was 66 percent, 1 

substantially higher than DTE’s 50 percent assumption. 2 

Q How did you determine a solar capacity credit trajectory associated with 3 

your PV Watts analysis?  4 

A I retained DTE’s assumption that current capacity credit levels would hold 5 

constant until 2023 and would then decline by two percent per year until they 6 

reach 30 percent. However, consistent with my analysis, I assumed that the 7 

single-axis tracking solar capacity credit would be 66 percent through 2023 and 8 

would then decline by two percent per year until reaching 30 percent in 2041. 9 

Q Did you provide this capacity credit trajectory for use in alternative 10 

Strategist runs? 11 

A Yes. I provided this trajectory, as modified to account for degradation rates, to 12 

George Evans to use in certain Strategist runs. These runs are described in the 13 

testimony of Mr. Evans. 14 

Q Did you make any other corrections related to these corrected capacity 15 

credit values? 16 

A Yes. I also provided Mr. Evans with an hourly generation profile consistent with 17 

the profile associated with my PV Watts analysis. I did this for the sake of 18 

internal consistency. I also did this to correct for another error in DTE’s 19 

assumptions, as the Company has stated that it used a fixed-tilt generation profile 20 

shape for its single-axis tracking solar resources.83 21 

                                                           
82 Exhibit MEC-30, DTE Workpaper LKM-37, tab “Solar,” cell C33. 
83 Exhibit MEC-29, DTE Discovery Response No. MECNRDCSCDE-8.15(d). 
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d. DTE ERRONEOUSLY CALCULATED THE LEVELIZED CAPACITY FACTORS 1 

AND CAPACITY CREDITS ASSOCIATED WITH NEW SOLAR RESOURCES 2 

Q How did DTE determine the solar resource capacity factors and capacity 3 

credits that were input to Strategist? 4 

A DTE made these determinations in three steps. First, DTE determined the first-5 

year capacity factors and capacity credits for solar resources in each future year. 6 

DTE then applied a 0.5 percent annual degradation rate to determine the capacity 7 

credit and capacity factor of each solar resource for each year beyond its initial 8 

year of operation. Finally, DTE took a simple average of the capacity factor and 9 

capacity credit value across all years of operation to identify average annual 10 

values, which were input into Strategist.84    11 

Q Are there any flaws associated with this process? 12 

A Yes. Apart from the reasonableness of DTE’s first-year capacity credit, first-year 13 

capacity factor, and degradation rate assumptions, DTE’s decision to input 14 

average annual capacity factors and average annual capacity credits into 15 

Strategist biased its analysis against solar resources. 16 

Q What is wrong with inputting average annual capacity factor and capacity 17 

credit values into Strategist? 18 

A Under DTE’s approach, the solar energy production perceived by the Strategist 19 

model is lower than it would actually be in the near term, similar to what it 20 

would actually be in the midterm, and higher than it would actually be over the 21 

long term. Due to the use of a positive discount rate, energy and capacity 22 

provided in the near term has greater value than energy and capacity provided 23 

decades from now. Thus, while DTE’s approach may correctly capture the total 24 

                                                           
84 Exhibit MEC-30, DTE Workpaper LKM-37, tab “Solar.” Strategist only accepts one capacity factor and one 

capacity credit value for a single resource, which is why DTE could not input separate values for each year in a 
resource’s operating life. 
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energy and capacity provided over a solar resource’s lifetime, it understates the 1 

value of that energy and capacity. 2 

Q Has DTE acknowledged that its approach understates the value of solar 3 

resources? 4 

A Yes. In discovery, DTE admitted that its annual average approach understates the 5 

value of solar resources.85 6 

Q Is there an alternative approach that would more appropriately capture the 7 

value of solar resources? 8 

A Yes. Using levelized capacity factor and capacity credit values for Strategist 9 

inputs results in a far more accurate representation of the value provided by solar 10 

resources. These levelized values still understate energy and capacity provision 11 

in the near term and overstate energy and capacity provision in the long term. 12 

But they do so in such a way that, assuming constant energy and capacity prices 13 

across years, the NPV of energy and capacity provided is the exact same as it 14 

would be if energy and capacity were accurately represented on an annual basis. 15 

Q Is it surprising that DTE did not use this levelized approach in its modeling? 16 

A Yes. This is especially surprising considering that DTE’s workpapers identify 17 

some of the average annual calculated capacity factors and capacity credits as 18 

“levelized” values.86 This suggests that DTE either misunderstood how to 19 

properly calculate levelized values, meant to calculate levelized values but 20 

neglected to, or initially planned to calculate levelized values but decided later 21 

not to, to the detriment of modeled solar resources. 22 

                                                           
85 Exhibit MEC-31, DTE Discovery Response No. MECNRDCSCDE-3.64(c).  
86 Exhibit MEC-30, DTE Workpaper LKM-37, tab “Solar,” cells B9, B40.   
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Q Has DTE defended its annual averaging approach? 1 

A Yes. DTE has defended its approach by arguing that using truly levelized values 2 

would result in Strategist perceiving total MWh output over the life of each solar 3 

system as being greater than it would be in reality.87 4 

Q Is DTE’s defense of its approach persuasive? 5 

A No. What is ultimately most important in a Strategist resource planning analysis 6 

is not the total lifetime MWh produced by a resource but the value of the energy 7 

and capacity provided by that resource. Given Strategist model constraints, it is 8 

impossible to provide inputs that result in the correct MWh generation for a solar 9 

resource over every year of its operating life. The best a modeler can do is input 10 

a levelized annual value that is most likely to capture the value provided by that 11 

resource over the course of its life. DTE’s focus on capturing the correct total 12 

MWh production over the course of each solar resource’s life is a misguided 13 

approach that inevitably results in undervaluing solar resources. 14 

Q Have you calculated corrected levelized capacity factor and capacity credit 15 

values for input into Strategist? 16 

A Yes. I calculated that a levelized approach increases the single-axis tracking solar 17 

resource capacity factor to be input into Strategist from 22.9 percent to 23.4 18 

percent. For a solar resource with DTE’s assumed initial capacity credit of 50 19 

percent, a levelized approach increases the annual capacity credit from 46.5 20 

percent to 47.6 percent. For a single-axis tracking solar resource with a corrected 21 

initial capacity credit of 66 percent, my approach results in a levelized annual 22 

capacity credit of 62.7 percent. I provided corrected solar resource capacity 23 

factors and capacity credits to Mr. Evans for use in certain alternative Strategist 24 

runs. 25 

                                                           
87 Exhibit MEC-31, DTE Discovery Response No. MECNRDCSCDE-3.64(c). 
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e. DTE’S ASSUMED CAPITAL COST ESCALATION RATES OVERSTATE THE 1 

COSTS OF NEAR-TERM SOLAR RESOURCES 2 

Q How did DTE determine the capital costs associated with future potential 3 

generation resources? 4 

A DTE’s calculation of the capital costs of future potential generation resources 5 

consisted of two steps. First, DTE used NREL’s 2018 ATB to determine capital 6 

costs for the year 2018. Second, DTE used data from the 2018 ATB to calculate 7 

an annual average capital cost growth rate over the period from 2018 through 8 

2050.88 DTE then applied this 2018-2050 average annual growth rate to escalate 9 

the 2018 capital cost assumption to each future year in DTE’s study period.89 10 

Q What is the problem with this approach? 11 

A The problem with this approach is that it assumes a constant annual growth rate 12 

over the period from 2018 through 2050. Since ATB 2018 does not in fact 13 

project a constant annual growth rate over that period for any resources modeled 14 

by DTE, the Company’s assumption only results in capital cost assumptions 15 

consistent with ATB for two years: 2018 and 2050. Yet neither of those years is 16 

relevant to DTE’s modeling analysis. The first, 2018, is a historical year. The 17 

second, 2050, is 10 years beyond DTE’s study period and 20 years beyond the 18 

last year in which most of DTE’s optimized Strategist runs are enabled to select a 19 

new generation resource. For every year that actually matters to DTE’s Strategist 20 

modeling, the Company’s method results in capital cost assumptions inconsistent 21 

with ATB. 22 

Q Are there particular years for which DTE should have ensured that it 23 

correctly modeled capital costs consistent with ATB? 24 

A Yes. DTE should have ensured that its modeled capital costs were at least 25 

consistent with ATB assumptions for the years in which the Company projected 26 
                                                           
88 Exhibit MEC-32, DTE Workpaper LKM-449, tab “Financial Assumptions,” cells AJ124:AJ154. 
89 Exhibit MEC-33, DTE Workpaper LKM-448, tab “Assumptions,” row 20. 
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that it would have a capacity need for Strategist to fill. In most of DTE’s runs, 1 

the only years of optimized new generation builds were 2029 and/or 2030. Under 2 

DTE’s modeling of the Belle River retirement sensitivity, the relevant years of 3 

capacity need were 2025 and 2026. Thus, DTE could have applied its simplified 4 

annual average capital cost escalation rate approach while ensuring it arrived at 5 

capital costs reasonably consistent with ATB for these years of greatest 6 

importance. It could have done this by calculating and applying annual average 7 

capital cost growth rates over the periods from 2018 to 2030 and 2018 to 2026 8 

rather than the period from 2018 to 2050. 9 

Q Is DTE’s assumption of a constant annual capital cost growth rate over the 10 

period from 2018 to 2050 particularly inappropriate for certain 11 

technologies? 12 

A Yes. This assumption is particularly inappropriate for emerging resources 13 

currently experiencing cost declines that are unlikely to persist for the next 30 14 

years. 15 

Q Can you provide an example of such a technology? 16 

A Yes. Of the generation technologies modeled by DTE, solar resources present the 17 

clearest example of a resource that is likely to continue to experience cost 18 

declines in the near future that may not persist over the long term. DTE 19 

calculated that the 2018 ATB implies an average annual solar capital cost growth 20 

rate of 0.6 percent over the period from 2018 through 2050. DTE then applied 21 

that 0.6 percent annual growth rate such that in each modeled year solar capital 22 

costs are greater than current levels. But DTE’s workpapers indicate that nominal 23 

solar capital costs will decline between 2018 and 2021 and will subsequently 24 

recover slowly enough that they will remain below 2018 levels through 2029.90 25 

Projected growth in solar capital costs beyond 2029, almost entirely beyond the 26 

                                                           
90 Exhibit MEC-32, DTE Workpaper LKM-449, tab “Financial Assumptions,” row 130. 
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period relevant to DTE’s Strategist modeling, is responsible for the positive 1 

growth rate that DTE applies to all modeled years. 2 

Q What is the impact of DTE’s approach for solar resources? 3 

A DTE’s approach overstates solar capital costs relative to the ATB assumptions 4 

that DTE purports to use. By modifying DTE’s workpapers, I estimate that DTE 5 

overstates solar capital costs by 9 percent in 2026 and 8 percent in 2030. 6 

Q Has DTE acknowledged the impact of its capital cost escalation approach on 7 

solar resources? 8 

A Yes, in discovery DTE acknowledged that its approach results in overstating the 9 

costs of solar resources between now and 2030.91  10 

Q Have you calculated alternative capital cost escalation rates for use in 11 

alternative Strategist modeling runs? 12 

A Yes. I used ATB data as presented in DTE’s workpapers to calculate average 13 

annual growth rates in capital costs for each generation resource for the period 14 

from 2018 through 2026. I used these revised capital cost escalation rates to 15 

calculate corrected NPVRR cost escalation rates that I provided to Mr. Evans for 16 

use in certain alternative Strategist modeling runs. 17 

f. DTE MODELING RUNS USED OUTDATED AND UNREASONABLY HIGH 18 

SOLAR FIXED O&M ASSUMPTIONS 19 

Q What solar resource fixed O&M assumptions did DTE use in its modeling? 20 

A DTE’s modeling assumed 2018 single-axis tracking solar system fixed O&M 21 

costs of $25 per kW-year (AC basis).92 22 

                                                           
91 Exhibit MEC-34, DTE Discovery Response No. ELPCDE-1.24f. Using an alternative approach, DTE estimates that 

its modeling overstated solar capital costs relative to ATB assumptions by 7 percent in 2026 and 4 percent in 2030. 
92 DTE Exhibit A-4, page 4. 
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Q What was the basis for DTE’s solar fixed O&M assumption? 1 

A DTE’s solar resource fixed O&M assumption was based on a September 2017 2 

NREL report presenting solar cost benchmarking data for 2017.93 DTE took the 3 

NREL report’s 2017 estimate of $18.50 per kW-year DC, inflated it to 2018 4 

dollars, and converted it from a DC basis to an AC basis.94 5 

Q Was the solar fixed O&M assumption used in DTE’s modeling consistent 6 

with NREL’s 2018 ATB? 7 

A No. The 2018 ATB assumed 2018 solar fixed O&M costs of less than $10 per 8 

kW-year DC.95 This translates to an AC basis of $12.57 per kW-year, about 50 9 

percent lower than the value assumed in DTE’s modeling.  10 

Q Was the 2018 ATB report published more recently than the 2017 solar cost 11 

benchmarking report? 12 

A Yes. The 2018 ATB, which DTE used as the basis for its solar capital cost 13 

assumptions, was published after the NREL report that DTE used to support its 14 

solar fixed O&M assumption. 15 

Q Did NREL publish an updated solar cost benchmarking report prior to 16 

DTE’s IRP filing? 17 

A Yes. In November 2018 NREL published its 2018 solar cost benchmark report.96 18 

This report estimated 2018 single-axis tracking system fixed costs of $14 per 19 

kW-year DC.97 This translates to an AC basis of $18.20 per kW-year, about 27 20 

percent lower than the value assumed in DTE’s modeling. 21 

                                                           
93 NREL. September 2017. U.S. Solar Photovoltaic System Cost Benchmark: Q1 2017. Page 42. 
94 DTE Workpaper LKM-460, tab “SOLAR-TRACKING COST.,” rows 31-34. 
95 Exhibit MEC-36, NREL 2018 ATB, tab “Solar - Utility PV,” cell N188. 
96 Exhibit MEC-37, NREL. November 2018. U.S. Solar Photovoltaic System Cost Benchmark: Q1 2018. 
97 Id., page 38. 
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Q Besides its assumptions generally being outdated and too high, were there 1 

other issues with DTE’s solar fixed O&M assumptions? 2 

A Yes. DTE’s workpapers contained a calculation error that mistakenly over-3 

inflated solar fixed O&M costs when converting from 2017 dollars to nominal 4 

dollars, as DTE has acknowledged in discovery.98 Since DTE only used rounded 5 

2018 fixed O&M estimates within its modeling inputs, this over-escalation error 6 

had a minimal impact on DTE’s modeling. But this additional workpaper 7 

calculation error is indicative of the pervasive calculation errors present within 8 

DTE’s workpapers. 9 

Q Did you provide updated solar fixed O&M assumptions for use in 10 

alternative Strategist runs? 11 

A Yes. I used updated solar fixed O&M assumptions contained in NREL’s 2018 12 

solar PV cost benchmark report as inputs to corrected solar resource NPVRR 13 

values that I provided to Mr. Evans for use in alternative Strategist runs. 14 

g. DTE’S MODELING APPROACH FORECLOSED THE SELECTION OF LOW-15 

COST, NEAR-TERM RENEWABLE RESOURCES 16 

Q What was the earliest year in which Strategist was enabled to select new 17 

generation resources under DTE’s modeling runs? 18 

A Under default settings and as used by DTE, Strategist will only select new 19 

resources in years in which it perceives a capacity need. Under the majority of 20 

DTE’s optimized modeling runs, Strategist did not perceive a need for new 21 

capacity prior to 2029.99 Under DTE’s Belle River retirement sensitivity runs, 22 

the earliest perceived capacity need was 2025. Thus, for the majority of DTE’s 23 

optimized modeling runs Strategist was not able to select new generation 24 

resources prior to 2029, and for the limited number of Belle River retirement 25 

                                                           
98 Exhibit MEC-34, DTE Discovery Response No. ELPCDE-1.24(a-b). See also DTE Workpaper LKM-460, tab 

“SOLAR-TRACKING COST.,” rows 31-33. 
99 Revised Direct Testimony of Laura Mikulan, page 21. 
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sensitivity runs Strategist was not enabled to select new generation resources 1 

prior to 2025. 2 

Q Is the timing of resource selection particularly important for certain 3 

resource types? 4 

A Yes. The timing of capacity need, and therefore of resource selection, is 5 

particularly important for solar and wind resources. This is because these 6 

resources currently benefit from federal tax credits that will likely be reduced or 7 

eliminated entirely by the mid-2020s. Under DTE’s assumption, the solar 8 

investment tax credit (ITC) drops from 30 percent for projects installed by 2024 9 

to 10 percent for projects installed in 2025 and later.100 Meanwhile, DTE 10 

assumes that the federal wind PTC drops from $24.99 per MWh for projects 11 

installed in 2021 to $0 per MWh for projects installed in 2025 and later.101 As a 12 

result, the assumed NPVRR of new wind and solar resources increases 13 

substantially between 2021 and 2025. 14 

Q Are there modeling steps DTE could have taken to test whether building 15 

additional tax credit-eligible renewable resources would lower its system 16 

costs under its Reference scenario assumptions? 17 

A Yes. There are at least two ways that DTE could have run Strategist in order to 18 

determine whether building additional tax credit-eligible renewable resources 19 

would lower its system costs. First, DTE could have run a Belle River retirement 20 

sensitivity analysis in which the Belle River units were assumed to retire by 21 

2024. This would have created a capacity need by 2024 that ITC- and PTC-22 

eligible resources could have helped fill. Second, DTE could have modeled one 23 

or more ITC- and PTC-eligible resources as “superfluous resources” within 24 

Strategist. This would have enabled Strategist to select those resources even in 25 

the absence of a perceived capacity need. 26 

                                                           
100 Exhibit MEC-38, DTE Discovery Response No. ELPCDE-4.46e. 
101 Id.; Exhibit MEC-39, DTE Workpaper LKM-448, tab “Strategist (REF & BAU)),” cells C30:F34. 



PUBLIC DIRECT TESTIMONY OF AVI ALLISON 
U-20471 

 
 

 

45 
 

Q Did DTE evaluate any sensitivities in which any of its Belle River or Monroe 1 

units are assumed to retire prior to 2025? 2 

A No.102 3 

Q Did DTE conduct any Strategist runs in which it modeled solar or wind 4 

resources as “superfluous resources”? 5 

A No.103 6 

Q Are you aware of any Strategist runs that enable the selection of 7 

“superfluous,” tax credit-eligible renewable resources? 8 

A Yes. The testimony of Mr. Evans describes the results of a Strategist run that 9 

enabled the selection of wind and solar resources prior to 2025. As described in 10 

the testimony of Mr. Evans, this run resulted in the selection of “superfluous” 11 

wind capacity. 12 

VIII. CAPACITY PRICE ASSUMPTIONS 13 

Q Please summarize this section 14 

A In this section I review DTE’s capacity price assumptions. I show that the 15 

capacity price model upon which these results are based contains errors 16 

regarding the treatment of capacity import limits (CIL) and wind capacity credits 17 

that bias the forecasted capacity prices upwards. I also show that the capacity 18 

prices relied upon by DTE are the result of a selective and biased model update 19 

that did not account for declining load growth expectations that should have 20 

resulted in lower forecasted capacity prices. 21 

                                                           
102 Revised Direct Testimony of Laura Mikulan, pages 60-61. 
103 DTE Discovery Response No. ELPCDE-8.70. 
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Q What is the basis for DTE’s IRP capacity price assumptions? 1 

A DTE’s IRP capacity price assumptions were developed by PACE Global 2 

Consulting in November 2018.104 For each IRP scenario, PACE determined a 3 

separate capacity price forecast as part of its fundamentals modeling.105 4 

Q Please summarize the mechanics of PACE’s capacity price forecast for 5 

DTE’s MISO Zone 7 region. 6 

A PACE used a spreadsheet model to forecast MISO Zone 7 capacity prices.106 A 7 

core component of this model compares the forecasted local clearing requirement 8 

(LCR) for Zone 7 to the forecasted peak capacity provided by Zone 7 9 

resources.107 If the forecasted peak capacity exceeds the forecasted LCR by 150 10 

MW or more, Zone 7 is assumed to share a capacity price with the broader MISO 11 

pool. If, however, the Zone 7 peak capacity is forecasted to exceed the Zone 7 12 

LCR by less than 150 MW, Zone 7 is assumed to break from the broader MISO 13 

region and its capacity price is determined separately. In either case, the capacity 14 

price is calculated based on an assumed demand curve under which the price 15 

approaches the Net Cost of New Entry (CONE) for a combustion turbine unit as 16 

reserve margins drop toward their target levels.108 17 

Q What are the results of PACE’s Reference scenario Zone 7 capacity price 18 

model? 19 

A Under PACE’s Zone 7 model, Zone 7 separates from the broader MISO region in 20 

each year from 2019 through 2023. As a result, PACE forecasts that Zone 7 21 

capacity prices will spike from $3.80 per kW-year in 2018 to more than $50 per 22 

kW-year in 2019 and will remain above $50 per kW-year in each year from 2019 23 
                                                           
104 Revised Direct Testimony of Laura Mikulan, page 47. 
105 DTE Exhibit A-3 Revised, Page 46. 
106 Attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO Capacity Price Forecast Reference.xlsx” to DTE 

Discovery Response No. MECNRDCDE 2.16d, tab “Capacity prices Z7 (rev).” 
107 Attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO Capacity Price Forecast Reference.xlsx” to DTE 

Discovery Response No. MECNRDCDE 2.16d, tab “Capacity prices Z7 (rev),” Column O. 
108 DTE Exhibit A-4 Revised, page 38. 



PUBLIC DIRECT TESTIMONY OF AVI ALLISON 
U-20471 

 
 

 

47 
 

through 2023.109 In 2024, Zone 7 prices drop sharply as they converge with 1 

MISO-wide prices. Subsequently, forecasted Zone 7 capacity prices gradually 2 

increase along with MISO-wide prices, as shown in Figure 2. Though PACE 3 

forecasts different capacity price trajectories for each scenario, the broad trends 4 

of each forecast are similar. 5 

Figure 2. Reference Scenario Capacity Prices, Zone 7 and MISO Pool   6 

 7 
Source: Attachments to DTE Discovery Response No. MECNRDCDE 2.16d 8 

a. PACE’S ERRONEOUS TREATMENT OF CILS CAUSES ITS CAPACITY PRICE 9 

MODEL TO OVERSTATE FUTURE ZONE 7 CAPACITY PRICES 10 

Q What capacity units does PACE’s capacity price model operate in? 11 

A PACE’s capacity price model operates in units of installed capacity (ICAP) MW. 12 

All generation-related capacity values, including peak capacity, local reliability 13 

requirement (LRR), LCR, demand response, net imports, and excess capacity, 14 

are presented on an ICAP basis.110 15 

                                                           
109 DTE Exhibit A-3 Revised, page 46. 
110 Exhibit MEC-41, DTE Discovery Response No. MECNRDCSCDE-5.16d. 
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Q What capacity units does the MISO Planning Resource Auction (PRA) 1 

operate in? 2 

A The MISO PRA operates in units of unforced capacity (UCAP) MW.111 3 

Q What is the difference between an ICAP basis and UCAP basis? 4 

A ICAP represents the net dependable capability of a unit. UCAP is calculated by 5 

applying forced outage rates to ICAP.112 Thus, UCAP values are always lower 6 

than the analogous ICAP values. Under the assumptions identified in PACE’s 7 

model, ICAP values are approximately 9 percent greater than the analogous 8 

UCAP values.113 9 

Q How are CIL values incorporated in PACE’s capacity price model? 10 

A In PACE’s model, CIL values are subtracted from LRR values to arrive at LCR 11 

values. This properly reflects the relationship between LRR, CIL, and LCR. The 12 

higher the CIL value, the lower the LCR. Similarly, the higher the CIL value, the 13 

greater the amount of excess capacity value above the LCR, and therefore the 14 

less likely Zone 7 capacity prices are to separate from MISO pool prices under 15 

PACE’s model. 16 

Q What CIL values are assumed within PACE’s capacity price model? 17 

A DTE assumes CIL values of 3,211 MW for each year from 2019 through 18 

2040.114 19 

                                                           
111 Exhibit MEC-40, MISO. April 12, 2019. 2019/2020 Planning Resource Auction Results. Page 7 (see note at bottom 

stating “Values displayed in MW UCAP.”) 
112 MISO Resource Adequacy Business Practice Manual Section 2.2. 
113 Attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO Capacity Price Forecast Reference.xlsx” to DTE 

Discovery Response No. MECNRDCDE 2.16d, tab “Capacity prices Z7 (rev),” Cells Z5:AA9 
((1+27.4%)/(1+17.2%)-1 = 9%)). 

114 Attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO Capacity Price Forecast Reference.xlsx” to DTE 
Discovery Response No. MECNRDCDE 2.16d, tab “Capacity prices Z7 (rev),” Column M. 
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Q What is the basis for PACE’s CIL assumptions? 1 

A PACE’s CIL assumptions are based on the Zone 7 CIL values that MISO used in 2 

the 2019-2020 PRA.115 3 

Q What capacity units does DTE claim the CIL values in PACE’s model are 4 

in? 5 

A DTE claims that the CIL values in PACE’s model are in MW units but are not in 6 

either ICAP or UCAP terms.116  7 

Q What capacity units are the CIL values in PACE’s model actually in? 8 

A The CIL values in PACE’s model are in units of UCAP MW.  9 

Q How do you know that the CIL values in PACE’s model are in units of 10 

UCAP MW? 11 

A I know this because the CIL values used in the model are taken directly from, 12 

and are exactly equivalent to, parameters used in MISO’s PRA. And MISO PRA 13 

documentation makes clear that all of its MW planning parameters, including 14 

CIL values, are listed on a UCAP basis.117 15 

Q Can you identify additional MISO documentation indicating that MISO 16 

CIL values are in units of UCAP MW? 17 

A Yes. MISO’s Resource Adequacy Business Practice Manual states that CIL 18 

values represent the maximum amount of zonal resource credits (ZRCs) that can 19 

be imported to each zone.118 And the same manual states that ZRCs represent 20 

UCAP MW.119 It is therefore strange that DTE incorrectly points to this manual 21 

                                                           
115 Exhibit MEC-40, MISO. April 12, 2019. 2019/2020 Planning Resource Auction Results. Page 7. 
116 Exhibit MEC-41, DTE Discovery Response No. MECNRDCSCDE-5.16dvii. 
117 Exhibit MEC-40, MISO. April 12, 2019. 2019/2020 Planning Resource Auction Results. Page 7 (see note at bottom 

stating “Values displayed in MW UCAP.”)  
118 MISO Resource Adequacy Business Practice Manual Section 5.2.2.1. 
119 Id., Section 4.3. 
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as supporting its stance that CIL values are “not subject to UCAP or ICAP” 1 

designations.120 2 

Q Is it possible for the same CIL value to be at once a UCAP and ICAP value?  3 

A No. One MW of import capacity must clearly be able to displace either one MW 4 

of UCAP generating capacity or one MW of ICAP generating capacity, but not 5 

both. To say that the same CIL value can work in both ICAP and UCAP 6 

calculations would clearly be nonsensical, as that would mean that one MW of 7 

CIL is equal to 1.00 MW of UCAP capacity and 1.09 MW of UCAP capacity at 8 

the same time. Thus, CIL values must at least be thought of as functioning in 9 

terms of either UCAP equivalent or ICAP equivalent, even if DTE would prefer 10 

not to think of imports as strictly UCAP or ICAP. And in this case, it is clear that 11 

the CIL values that PACE uses in its model are UCAP equivalent and not ICAP 12 

equivalent. 13 

Q Is PACE’s use of UCAP CIL values in its capacity price model problematic? 14 

A Yes. PACE’s use of UCAP CIL values in its capacity price model is a clear 15 

error. More specifically, PACE committed an error when it used UCAP CIL 16 

values in a model where all other capacity values are in ICAP terms. PACE 17 

should have either entered all parameters in UCAP terms or entered all 18 

parameters in ICAP terms. Instead, the PACE model nonsensically subtracts 19 

UCAP CIL values from ICAP LRR values to arrive at LCR values that are 20 

ostensibly in ICAP terms.  21 

Q What is the impact of this error? 22 

A This error results in PACE’s capacity price model understating CIL values 23 

relative to all other values. Ultimately, this results in overstated LCR values, 24 

understated excess capacity values, and overstated forecasted capacity prices. 25 

                                                           
120 Exhibit MEC-16, DTE Discovery Response No. MECNRDCSCDE-7.34. 
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Q Did you evaluate the impact of correcting this error on PACE’s Reference 1 

case capacity price forecast? 2 

A Yes. The simplest way to correct this error is to convert the CIL values into 3 

ICAP terms, so that the LCR values are actually in ICAP values, as DTE and 4 

PACE initially claimed they were. By itself, this correction results in Zone 7 not 5 

separating from the MISO pool region in 2019, 2020, or 2021. The forecasted 6 

Zone 7 capacity prices drop from nearly $50 per kW-year to $1.50 per kW-year 7 

for these years (see Figure 3).121 This correction has no impact on forecasted 8 

prices for years beyond 2021. 9 

Figure 3. Reference Scenario Zone 7 Capacity Prices, As Filed and Corrected CIL 10 

 11 

Sources: Attachments to DTE Discovery Response No. MECNRDCDE 2.16d; Synapse corrections 12 
 

Q What implications does this correction have for DTE’s IRP filing and 13 

analyses? 14 

A This correction has the greatest implications for DTE’s analyses of near-term 15 

coal unit retirement decisions. This is because those analyses evaluated near-16 

term replacement of retiring coal units with market resources, including market 17 

                                                           
121 In 2017 dollars. 



PUBLIC DIRECT TESTIMONY OF AVI ALLISON 
U-20471 

 
 

 

52 
 

capacity priced in accordance with the results of PACE’s capacity price model. 1 

For example, DTE’s analysis of whether to retire River Rouge Unit 3 in 2020 or 2 

continue operating through 2022 evaluated a central sensitivity in which capacity 3 

was priced consistent with PACE’s Reference case forecast.122 Using that 4 

forecast, DTE found an NPV benefit of $7 million from continuing to operate 5 

River Rouge Unit 3 through 2022. After correcting the CIL error in PACE’s 6 

Reference case forecast, DTE’s model shows an NPV loss of $1 million from 7 

continuing to operate River Rouge Unit 3 through 2022. 8 

Q Does this capacity price model correction have other implications for DTE’s 9 

IRP filing? 10 

A Yes. This correction indicates that MISO Zone 7 is likely to have greater excess 11 

capacity in the near term than DTE’s and PACE’s initial findings suggest.  12 

b. PACE’S MISTAKEN MISO WIND CAPACITY CREDIT ASSUMPTION CAUSES 13 

ITS CAPACITY PRICE MODEL TO OVERSTATE FUTURE CAPACITY PRICES 14 

Q How do wind capacity credit assumptions affect PACE’s capacity price 15 

model? 16 

A PACE’s wind capacity credit assumptions determine the MW of wind capacity 17 

that contributes to a given region’s peak capacity. That peak capacity then feeds 18 

into calculations of reserve margins and regional excess capacity, which in turn 19 

are central to PACE’s method of forecasting capacity prices. 20 

Q What wind capacity credit assumptions underlie PACE’s capacity price 21 

forecasts? 22 

A The PACE model used to support the capacity price forecasts presented by DTE 23 

in this IRP assigns a capacity credit of 11.2 percent to all wind resources.123 24 

                                                           
122 DTE Exhibit A-17.2, page 1, line 12. 
123 DTE Discovery Response No. MECNRDCSCDE-3.33b. 
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Q What is the basis for this capacity credit assumption? 1 

A PACE’s wind capacity credit assumption is based on MISO’s 2018-2019 wind 2 

capacity credit study.124 This study, published in December 2017, indicates an 3 

average MISO Zone 7 wind capacity credit of 11.2 percent.125 4 

Q Did PACE’s wind capacity credit assumption differ between Zone 7 and the 5 

broader MISO region? 6 

A No. PACE applied the 11.2 percent wind capacity credit assumption not only to 7 

MISO Zone 7, but also to the MISO region as a whole.126 8 

Q Does the MISO 2018-2019 wind capacity credit study upon which PACE 9 

based its wind capacity credit assumptions support an 11.2 percent capacity 10 

credit assumption for the MISO region as a whole? 11 

A No. That study indicates a MISO-wide average wind capacity credit of 15.2 12 

percent.127 PACE’s forecast evidently erroneously applied the Zone 7 value from 13 

the MISO study to the entire MISO region.  14 

Q What is the effect of this error? 15 

A This error causes PACE’s model to understate future peak capacity values in the 16 

MISO region. This in turn results in understated reserve margins and understated 17 

capacity prices for the MISO region. For each year in which the MISO-wide 18 

capacity price sets the Zone 7 capacity price in PACE’s model, this error results 19 

in an understated Zone 7 capacity price forecast. 20 

Q Did you evaluate the impact of correcting this error? 21 

A Yes. I applied the 15.2 percent MISO-wide wind capacity credit indicated by the 22 

MISO 2018-2019 wind capacity credit study to determine the incremental 23 
                                                           
124 Id. 
125 DTE Workpaper LKM-440, page 4. 
126 DTE Discovery Response No. MECNRDCSCDE-5.17. Assumed capacity credit determined by dividing peak 

capacity by wind installed capacity. For 2018, 1,991/17,780 = 11.2%. Similarly, for 2040, 5,493/49,047 = 11.2%. 
127 DTE Workpaper LKM-440, page 4. 
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amount of peak wind capacity that PACE should have included in its MISO 1 

model at the time of its analyses. I then input the incremental peak capacity 2 

resulting from this correction into PACE’s capacity price model. Figure 4 shows 3 

the combined impact of this correction and the CIL correction described above 4 

on PACE’s forecasted Zone 7 capacity prices. Whereas the CIL correction only 5 

affects forecasted prices in years prior to 2022, the MISO wind capacity credit 6 

correction affects Zone 7 prices from 2026 onward. The capacity credit 7 

correction lowers the forecasted Zone 7 capacity price by 41 percent in 2026 and 8 

20 percent in 2030. 9 

Figure 4. Reference Scenario Zone 7 Capacity Prices, As Filed and with Corrected 10 
CIL and MISO Wind Capacity Credit 11 

 12 

Sources: Attachments to DTE Discovery Response No. MECNRDCDE 2.16d; Synapse corrections 13 
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Q Are wind capacity credit assumptions of 15.2 percent for the MISO region 1 

and 11.2 percent for MISO Zone 7 consistent with the most recent MISO 2 

wind capacity credit report? 3 

A No. MISO’s Planning Year 2019-2020 wind and solar capacity credit report, 4 

published in December 2018, identifies average wind capacity credit values of 5 

15.7 percent for the MISO region and 16.0 percent for MISO Zone 7.128 6 

Q Did you evaluate the impact of updating PACE’s wind capacity credit 7 

assumptions on PACE’s capacity price model? 8 

A Yes. I applied the 15.7 percent MISO-wide wind capacity credit indicated by the 9 

MISO 2019-2020 wind capacity credit study to determine the incremental 10 

amount of peak wind capacity that should be included in PACE’s MISO price 11 

model, assuming no change to PACE’s forecast of installed wind capacity. I then 12 

made the same adjustment for PACE’s Zone 7 price forecast, using the updated 13 

16 percent wind capacity credit value and PACE’s forecast of Zone 7 installed 14 

wind capacity.129 Figure 5 displays the combined impact of using corrected CIL 15 

values and updated wind capacity credit values on PACE’s forecasted Zone 7 16 

capacity prices. The updated Zone 7 capacity credit value causes Zone 7 to not 17 

separate from MISO-wide prices in 2023 and to come within 25 MW of not 18 

separating from MISO-wide prices in 2022 under PACE’s model. Updating the 19 

MISO-wide wind capacity credit from 15.2 percent to 15.7 percent causes a 20 

small reduction in forecasted Zone 7 capacity prices from 2026 onward. 21 

                                                           
128 MISO. December 2018. Planning Year 2019-2020 Wind & Solar Capacity Credit. Page 4. 
129 Exhibit MEC-41, DTE Discovery Response No. MECNRDCSCDE-5.16f. 
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Figure 5. Reference Scenario Zone 7 Capacity Prices, As Filed, with Corrected CIL 1 
and MISO Wind Capacity Credit, and with Updated MISO Capacity Credit  2 

 3 

Sources: Attachments to DTE Discovery Response No. MECNRDCDE 2.16d; Synapse corrections 4 
 5 

c. DTE’S CAPACITY PRICE ASSUMPTIONS RELY ON A SELECTIVE AND 6 

BIASED UPDATE TO PACE’S CAPACITY PRICE MODEL 7 

Q Besides the errors described above, do you have concerns regarding the 8 

development of DTE’s capacity price forecasts? 9 

A Yes. DTE’s forecasted capacity prices are grounded in a selective and biased 10 

update to PACE’s capacity price model. 11 

Q When did PACE produce the capacity price forecasts that DTE relies upon 12 

in this IRP? 13 

A PACE produced the capacity price forecasts that DTE relies upon in this IRP in 14 

November 2018.130 15 

                                                           
130 Revised Direct Testimony of Laura Mikulan, page 47. 
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Q What was the date of the previous Reference case capacity price forecast 1 

produced by PACE for DTE? 2 

A DTE has provided different answers to this question. DTE testimony states that 3 

the previous capacity price forecast had a vintage of September 2018.131 In 4 

discovery, DTE stated that the previous capacity price forecast was produced in 5 

August 2018.132 6 

Q What parameters did PACE update for the purpose of the November 2018 7 

capacity price forecasts relied upon by DTE in its IRP? 8 

A DTE provided somewhat different answers to this question in different discovery 9 

responses. However, it appears that PACE made four key updates between its 10 

preliminary summer 2018 capacity price forecast and the November 2018 11 

capacity price forecast: (1) Zone 7 LRR was revised upward based on MISO’s 12 

2019-2020 Loss of Load Expectation (LOLE) study report; (2) Solar capacity 13 

credits were revised downward for all years beyond 2023, based on a 2018 14 

MISO renewable integration study; (3) CIL values were revised downward based 15 

on MISO’s 2019-2020 LOLE report; and (4) PRMR values were revised 16 

downward based on the 2019-2020 LOLE report.133  17 

Q What was the effect of these updates? 18 

A The updates to LRR, solar capacity credits, and CIL values all resulted in 19 

increases to forecasted capacity prices. The PRMR update decreased forecasted 20 

capacity prices somewhat. The net effect of the four changes was a substantial 21 

increase in forecasted Reference case capacity prices, as shown in Figure 6. 22 

                                                           
131 Revised Direct Testimony of Laura Mikulan, page 47. 
132 Exhibit MEC-41, DTE Discovery Response No. MECNRDCSCDE-5.16b. 
133 DTE Discovery Response No. MECNRDCSCDE-3.32b;.Exhibit MEC-41, DTE Discovery Response No. 

MECNRDCSCDE-5.16c. 
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Figure 6. Reference Scenario Zone 7 Capacity Prices, As Filed, and Preliminary  1 

 2 

Source: Attachment to DTE Discovery Response No. MECNRDCDE 2.16d 3 

Q Did PACE’s latest capacity price forecast incorporate updates to all key 4 

parameters in its capacity price model? 5 

A No. PACE’s latest capacity price forecast was the result of a “selective” update 6 

requested by DTE.134 7 

Q Can you provide an example of a core model parameter that was not 8 

updated for PACE’s latest capacity price forecast? 9 

A Yes. PACE’s updates to its capacity price model did not include any updates to 10 

forecasted peak demand.135 In addition, PACE did not implement any updates to 11 

forecasted peak capacity other than its downward revisions to future solar 12 

capacity credits.136 13 

                                                           
134 DTE Discovery Response No. MECNRDCSCDE-7.32b. 
135 DTE Discovery Response No. MECNRDCSCDE-7.32c. 
136 DTE Discovery Response No. MECNRDCSCDE-7.32b. 
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Q What is the basis for the peak demand forecast contained in PACE’s 1 

capacity price model? 2 

A The peak demand forecast contained in PACE’s capacity price model is based 3 

primarily on gross load forecasts produced by Purdue University’s State Utility 4 

Forecasting Group.137 5 

Q Did Purdue’s State Utility Forecasting Group publish an updated MISO 6 

load forecast report around the time that PACE performed its capacity 7 

price forecast update for DTE? 8 

A Yes. As DTE has acknowledged, Purdue’s State Utility Forecasting Group 9 

published its 2018 MISO load forecast report in November 2018, around the 10 

time that PACE performed its capacity price model updates for DTE.138 Yet 11 

PACE did not use this updated Purdue forecast in any of its updated capacity 12 

price models. 13 

Q How does the MISO Zone 7 gross peak demand forecast contained in 14 

Purdue’s 2018 report compare to the forecast contained in Purdue’s 15 

previous report? 16 

A Purdue’s 2018 MISO Zone 7 gross peak demand forecast139 is much lower than 17 

its 2017 forecast.140 Figure 7 compares these two forecasts. The 2018 Zone 7 18 

peak demand forecast is between 2,100 MW and 3,800 MW lower than the 2017 19 

forecast in every year from 2019 through 2037.  20 

                                                           
137 DTE Discovery Response No. MECNRDCSCDE-7.32c. 
138 DTE Discovery Response No. MECNRDCSCDE-7.32c.  
139 Douglas J. Gotham, Liwei Lu, Fang Wu, David G. Nderitu, Timothy A. Phillips, Paul V. Preckel, and Marco A. 

Velastegui. Purdue University State Utility Forecasting Group. November 2018. MISO Energy and Peak Demand 
Forecasting for System Planning. Page 28. 

140 Douglas J. Gotham, Liwei Lu, Fang Wu, David G. Nderitu, Timothy A. Phillips, Paul V. Preckel, and Marco A. 
Velastegui. Purdue University State Utility Forecasting Group. November 2017. MISO Independent Load Forecast 
Update. Page 47. 
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Figure 7. Purdue State Utility Forecasting Group Zone 7 Summer Gross Non-1 
Coincident Peak Demand Forecasts, 2017 and 2018 Vintages 2 

 3 

Source: Purdue State Utility Forecasting Group 2017 and 2018 MISO reports 4 
 5 

Q How does the MISO-wide gross peak demand forecast contained in 6 

Purdue’s 2018 report compare to the forecast contained in Purdue’s 2017 7 

report? 8 

A Purdue’s 2018 MISO-wide gross peak demand forecast141 is also much lower 9 

than its 2017 forecast.142 Figure 8 shows that the 2018 MISO system gross peak 10 

demand forecast is between 4,900 MW and 12,400 MW lower than the 2017 11 

forecast in every year from 2019 through 2037. 12 

                                                           
141 Douglas J. Gotham, Liwei Lu, Fang Wu, David G. Nderitu, Timothy A. Phillips, Paul V. Preckel, and Marco A. 

Velastegui. Purdue University State Utility Forecasting Group. November 2018. MISO Energy and Peak Demand 
Forecasting for System Planning. Page 44. 

142 Douglas J. Gotham, Liwei Lu, Fang Wu, David G. Nderitu, Timothy A. Phillips, Paul V. Preckel, and Marco A. 
Velastegui. Purdue University State Utility Forecasting Group. November 2017. MISO Independent Load Forecast 
Update. Page 59. 
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Figure 8. Purdue State Utility Forecasting Group MISO System Coincident Peak 1 
Demand Forecasts, 2017 and 2018 Vintages 2 

 3 

Source: Purdue State Utility Forecasting Group 2017 and 2018 MISO reports 4 
 5 

Q How would updating the peak demand forecast in PACE’s capacity price 6 

model to reflect the decline in forecasted Zone 7 and MISO-wide peak load 7 

affect PACE’s capacity price forecast? 8 

A Since PACE’s capacity price forecast is determined by a fundamentals-based 9 

model, a decline in forecasted peak load would result in a decline in forecasted 10 

capacity prices. Declines in forecasted peak load of thousands of megawatts, in 11 

line with the dramatic drop in forecasted peak loads between Purdue’s 2017 and 12 

2018 forecasts, would drive PACE’s Zone 7 capacity price forecast down toward 13 

PACE’s assumed floor price in all modeled years. 14 
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IX. CHOICE OF STRATEGIST MODELING TOOL 1 

Q What capacity expansion modeling tool does DTE primarily rely on for its 2 

IRP analyses? 3 

A All of DTE’s capacity expansion modeling analyses143 were conducted using the 4 

Strategist model.144 5 

Q What does DTE’s IRP claim regarding the status of Strategist as a resource 6 

planning tool? 7 

A DTE’s IRP contains an appendix that describes the Strategist tool as “an 8 

evolving product, enhanced and upgraded continuously” that “combines quality 9 

planning software, a proven track record, Ventyx’s commitment to ongoing 10 

maintenance and support, comprehensive user documentation (online help), and 11 

fast response to client needs.”145 12 

Q Does DTE’s IRP support the notion that Strategist is “an evolving product, 13 

enhanced and upgraded continuously”? 14 

A No. DTE’s IRP appendices list a series of improvements that have been made to 15 

the Strategist model since its inception in 1982. However, that list of updates 16 

ends with a new user interface unveiled in 1999.146 The fact that the last listed 17 

update occurred 20 years ago does not support the claim that Strategist is an 18 

evolving, up-to-date tool. 19 

                                                           
143 That is, analyses in which new generation and demand-side resources are selected endogenously by the model. 
144 Revised Direct Testimony of Laura Mikulan, page 62. 
145 DTE Exhibit A-4 Revised, page 72. 
146 DTE Exhibit A-4 Revised, pages 72-73. 
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Q Does DTE’s claim of “Ventyx’s commitment to ongoing maintenance and 1 

support” provide sufficient assurance regarding the future of the Strategist 2 

tool? 3 

A No. For at least three reasons, it does not. First, the fact that the last model 4 

update listed in the document occurred 20 years ago does not inspire confidence. 5 

Second, the fact that the DTE document repeatedly refers to Ventyx but does not 6 

refer to ABB, which acquired Ventyx and has licensed the Strategist tool since 7 

2010, suggests that the claims regarding Ventyx’s commitments to Strategist are 8 

likely out of date. Finally, ABB has recently indicated that it will soon cease 9 

supporting Strategist. 10 

Q Do you have additional concerns regarding the suitability of Strategist as a 11 

primary resource planning tool? 12 

A Yes, I have several concerns with Strategist, many of which are related to the 13 

fact that Strategist is an older, out-of-date tool that is not likely to continue being 14 

supported by its creators. These concerns include the following: 15 

1. Inability to conduct detailed hourly or sub-hourly modeling. 16 

Strategist input data and analysis is centered around 168-hour, “typical 17 

weekly” seasonal and monthly profiles.147 This format precludes the 18 

detailed, 8760-hour representation of variable generation resources and 19 

variable sources of load. 20 

2. Inability to model ancillary services. As discussed by DTE witness 21 

Judy Chang, factors such as increasing penetration of renewable 22 

resources are likely to increase the value of and importance of 23 

ancillary service provision.148 Yet Strategist is incapable of accounting 24 

                                                           
147 DTE Exhibit A-4 Revised, page 77. 
148 Direct Testimony of Judy Chang, page 7. 
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for this importance because it is not equipped to model ancillary 1 

services.149 2 

3. Lack of suitability for representing battery storage resources. This 3 

issue is related to the above two, as battery storage resources derive 4 

much of their value from providing ancillary services and taking 5 

advantage of hourly price differentials that are often smoothed out and 6 

understated under Strategist’s “typical week” representation. The lack 7 

of consideration given to battery storage resources by the Strategist 8 

developers is exemplified by the fact that DTE was compelled to 9 

model battery storage resources as “pumped storage type” units in this 10 

IRP.150 11 

4. Limitations to number of resources that can be considered. All 12 

resource planning models run more slowly when they must consider 13 

more resource options and more granular time scales. But Strategist is 14 

particularly ill-equipped for more comprehensive modeling analyses 15 

because of strict limitations within the model. These include 16 

limitations on the number of resource plan types that can be 17 

considered as well as the time granularity issues mentioned above. 18 

DTE repeatedly cites Strategist’s inability to generate or evaluate more 19 

than 1,250 unique build plans per optimization run as a constraint on 20 

its analysis.151 21 

5. Lack of transparency in input/output structure. Strategist output 22 

reports, such as those provided by DTE in this case, generally come in 23 

the form of unwieldy text files rather than spreadsheet files. Similarly, 24 

Strategist is not well equipped to directly read in simple, transparent 25 

spreadsheet files. This decreases transparency and increases the 26 

                                                           
149 Exhibit MEC-42, DTE Discovery Response No. MECNRDCSCDE-3.49c. 
150 Exhibit MEC-42, DTE Discovery Response No. MECNRDCSCDE-3.49b. 
151 Revised Direct Testimony of Laura Mikulan, pages 68, 76, 91 
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opportunities for data entry errors relative to alternative modeling 1 

platforms. 2 

Q Are you aware of other modeling tools that are superior to Strategist in 3 

some or all of these respects? 4 

A Yes. Alternative resource planning tools that I have found to be more up-to-date, 5 

comprehensive, and transparent include EnCompass, developed by Anchor 6 

Power Solutions, and PLEXOS, developed by Energy Exemplar. 7 

Q Are you aware of other utility companies that have recently switched from 8 

using Strategist to EnCompass? 9 

A Yes. There are at least three such utilities that I am aware of. Public Service New 10 

Mexico and Otter Tail Power recently announced that they will be switching 11 

over to the EnCompass model for IRP purposes.152 In addition, Public Service 12 

Company of Colorado (PSCo) recently announced that it will be transitioning 13 

from Strategist to EnCompass in order to address stakeholder concerns regarding 14 

the functionality and transparency of its planning process. PSCo stated that the 15 

move to EnCompass will “address the expressed need for more detailed 16 

modeling capabilities in the complex and evolving resource planning 17 

environment.”153  18 

Q What do you recommend with respect to DTE’s use of resource planning 19 

models in subsequent IRPs? 20 

A I recommend that DTE commence a process to select and adopt a more capable, 21 

updated, and transparent resource planning model than Strategist for use in its 22 

next IRP filing. 23 

                                                           
152 Anchor Power Solutions. January 8, 2019. Additional power Companies Select EnCompass for Planning 

Optimization. https://anchor-power.com/news/additional-companies-select-encompass-for-planning-optimization/  
153 Colorado Public Utilities Commission Proceeding No. 19R-0096E. March 29, 2019. Initial Comments of Public 

Service Company of Colorado. Page 30. 

https://anchor-power.com/news/additional-companies-select-encompass-for-planning-optimization/
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X. TIMELINE FOR NEXT IRP 1 

Q What is DTE’s current stance regarding the timeline for its next IRP filing? 2 

A In testimony, DTE stated that it expects to file its next IRP “no later than early 3 

2025.”154 In discovery, DTE clarified that it would only file its next IRP prior to 4 

2025 if the Commission requires it to do so or if the Company deems that an 5 

earlier filing is necessary due to changed circumstances.155 6 

Q Would it be reasonable for DTE to wait until 2025 to file its next IRP? 7 

A No. This would be unreasonable on several accounts. First, as discussed 8 

throughout this testimony and the testimony of other intervenor witnesses, 9 

DTE’s 2019 IRP is deeply flawed. DTE should not be permitted to base its 10 

planning on this inadequate IRP for the next five years. Second, the context in 11 

which DTE operates is rapidly evolving. In just the two years between DTE’s 12 

previous IRP submission and this one, DTE’s estimate of the capacity need 13 

resulting from Belle River’s retirement decreased by 550 MW.156 If this were to 14 

happen again, DTE might find in two years that it could retire Belle River in the 15 

near term without having to invest in any replacement generation resources. 16 

Third, and related to the above, a 2025 filing date would not provide sufficient 17 

time to adopt an accelerated retirement plan for Belle River if subsequent 18 

analysis determines that it would be economic to do so. Finally, five years is too 19 

long for DTE to delay an economic assessment of the Monroe units, which 20 

should have been presented in this IRP but was not. 21 

Q Is a six-year gap between IRP filings consistent with standard IRP 22 

practices? 23 

A No. Most utilities that undergo IRP processes must do so every two to three 24 

years. This is clear from the Commission Staff’s 2017 review of IRP practices in 25 
                                                           
154 Revised Direct Testimony of Laura Mikulan, page 118. 
155 Exhibit MEC-43, DTE Discovery Response No. MECNRDCSCDE-3.35a. 
156 DTE Exhibit A-3, page 25. 
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other MISO states.157 This review indicates that, other than Michigan, every 1 

MISO state that requires utilities to file IRPs also requires that those IRPs be 2 

filed at least every two or three years. 3 

Q What do you recommend with respect to the timeline for DTE’s next IRP 4 

filing? 5 

A I recommend that the Commission require DTE to file its next IRP within two or 6 

three years, consistent with IRP practice in other MISO states.  Furthermore, I 7 

recommend that the Commission order DTE to conduct a comprehensive 8 

economic assessment of alternative retirement dates for each of its Belle River 9 

and Monroe coal units. This assessment should be presented by 2021, either as 10 

part of DTE’s next IRP or in a separate proceeding. Finally, the Commission 11 

should require the Company to conduct an all-source RFP prior to its next IRP 12 

filing, so that DTE will have more detailed estimates of cost and operational 13 

characteristics of resources that it might use to economically replace retiring 14 

generation units. 15 

Q Does this conclude your direct testimony? 16 

A Yes, it does. 17 

                                                           
157 IRP Requirements for MISO States. March 2017. Prepared by Michigan Public Service Commission Staff and 

updated by other PSCs. 
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Question: Refer to your response to MECNRDCSCDE-5.16eii. Identify the basis for 
your “understanding” identified therein, and produce any documents 
supporting that “understanding.” 

Answer: PACE reviewed the Resource Adequacy Business Practice Manual from 
MISO - Nov. 2018. Under Section 5.2.2.1 and shown in attachment U 20471 
MECNRDCSCDE-7.34-01 Resource Adequacy Business Practice Manual. 
"Calculation of Transfer Limits for the Planning Resource Auction", the ISO 
describes the process to determine the CIL between zones. The process, 
which involves load flow analysis and the determination of maximum 
constraints, does not indicate a specific assumed derate for generation 
used in the analysis, neither of the CIL numbers reported are on ICAP or 
UCAP basis. The LOLE study also does not indicate that determination.  
Based on PACE’s own expertise performing similar studies for many clients, 
PACE believes CIL is a single number in MW that is not subject to UCAP or 
ICAP ratings. 

Attachments: The documents listed below is available for download at the following 
hyperlink: 
https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U-
204712019IRPPublic/default.aspx 

U 20471 MECNRDCSCDE-7.34-01 Resource Adequacy Business 
Practice Manual  
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Question: Refer to DTE Exhibits A-13 and A-16. 

a. Identify the exact retirement date assumed for each Belle River unit under
the Starting Point.

Answer: In the starting point Belle River Unit 1 was assumed to retire on 5/31/29 and 
Belle River Unit 2 was assumed to retire on 5/31/30. 

Attachments: N/A 
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Question: Refer to DTE Exhibits A-13 and A-16. 
 

b. Explain DTE’s approach to determining O&M cost reductions at the Belle 
River units under the Belle River Retirement Sensitivity. 

 
 
Answer: The Belle River retirement sensitivity considered the Belle River units 

retiring at the end of the year in 2025 and 2026.  In the first year following 
retirement, base O&M is reduced by 50% which allows the retention of 
resources to support make-safe activities and a structured transition of 
employees to other jobs and sites.  The 90% reduction in years 2 through 6 
is based on retaining a small workforce to sustain operations of National 
Pollutant Discharge Elimination System (NPDES) environmental control 
equipment and to provide general support for the initiation of site cleanup, 
equipment removal, and demolition activities.  After the sixth year following 
its retirement, the unit’s O&M is reduced to zero. 

 
 
 
Attachments: None 
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Question: Refer to DTE Exhibits A-13 and A-16. 
 

c. Explain DTE’s approach to determining capital cost reductions at the 
Belle River units under the Belle River Retirement Sensitivity. 

 
 
Answer: Under both the Belle River Retirement and Starting Point Sensitivities, 

capital projects, such as waterwall replacements, expansion joint 
replacements, and coal mill overhauls, are diminished in the last years of 
operation. 

 
 In the Belle River Retirement Sensitivity, Belle River 1 is assumed to retire 

December 31, 2025.  The $6.7M in 2025 represents a full year of capitalized 
maintenance on the unit necessary to maintain safe and environmentally 
compliant operations.  Belle River 2 is assumed to retire December 31, 
2026.  The $6.9M in 2026 represents a full year of capitalized maintenance 
on the unit necessary to maintain safe and environmentally compliant 
operations. 

 
 
 
Attachments: None 
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Question: Refer to DTE Exhibits A-13 and A-16. 
 

d. Explain why under the Belle River Retirement Sensitivity, Belle River 1 
begins facing base plant capital expense reductions relative to the Starting 
Point two years prior to retirement (in 2023), whereas Belle River 2 capital 
expense reductions relative to the Starting Point begin one year prior to 
retirement (in 2024). 

 
 
Answer: In the Belle River Retirement Sensitivity, Belle River 1 is assumed to retire 

at the end of 2025 while Belle River 2 is assumed to retire at the end of 
2026.  The capital reductions are based on the timing of the major 
maintenance outages. 

 
 
 
Attachments: None 
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Question: Refer to DTE Exhibits A-13 and A-16. 
 

e. Explain why under the Belle River Retirement Sensitivity Belle River 2 
Base O&M costs remain over $12 million in the year following retirement 
(2027), whereas under the Starting Point Belle River 2 Base O&M costs are 
less than $3 million in the year following retirement (2031). 

 
 
Answer: In the Belle River Retirement Sensitivity, Belle River 2 was assumed to 

retire December 31, 2026.  The year following retirement (2027) represents 
the first 12 months of retirement. 

 
 In the Starting Point, Belle River 2 was assumed to retire May 31, 2030.  

The year following retirement (2031) represents months 8 through 19 of 
retirement. 

 
 Therefore, given the different timeframes, differences are expected. 
 
 
Attachments: None 
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Question: Refer to DTE Exhibits A-13 and A-16. 
 

f. Explain why under the Belle River Retirement Sensitivity Belle River 1 
Base O&M costs remain over $11 million in the year following retirement 
(2026), whereas under the Starting Point Belle River 1 Base O&M costs are 
less than $3 million in the year following retirement (2030). 

 
 
Answer: In the Belle River Retirement Sensitivity, Belle River 1 was assumed to 

retire December 31, 2025.  The year following retirement (2026) represents 
the first 12 months of retirement. 

 
 In the Starting Point, Belle River 1 was assumed to retire May 31, 2029.  

The year following retirement (2030) represents months 8 through 19 of 
retirement. 

 
 Therefore, given the different timeframes, differences are expected. 
 
 
 
 
 
Attachments: None 
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Question: Refer to DTE Exhibits A-13 and A-16. 
 

g. Explain why under the Belle River Retirement Sensitivity Belle River 1 
Base Capital costs remain over $6 million in the retirement year (2025) 
whereas under the Starting Point Belle River 2 Base Capital costs are $3 
million in the retirement year (2029). 

 
 
Answer: In the Belle River Retirement Sensitivity, Belle River 1 was assumed to 

retire December 31, 2025.  The $6.7M represents a full year of capitalized 
maintenance on the unit necessary to maintain safe and environmentally 
compliant operations. 

   
 In the Starting Point, Belle River 1 was assumed to retire May 31, 2029.  

The $3.0M represents 5/12 of a full year of capitalized maintenance on the 
unit necessary to maintain safe and environmentally compliant operations. 

 
 
 
 
Attachments: None 
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Question: Refer to DTE Exhibits A-13 and A-16 
. 

h. Explain why under the Belle River Retirement Sensitivity Belle River 2 
Base Capital costs are $6.9 million in the retirement year (2026) whereas 
under the Starting Point Belle River 2 Base Capital costs are only $3.1 
million in the retirement year (2030). 

 
 
Answer: In the Belle River Retirement Sensitivity, Belle River 2 was assumed to 

retire December 31, 2026.  The $6.9M represents a full year of capitalized 
maintenance on the unit necessary to maintain safe and environmentally 
compliant operations.  

  
 In the Starting Point, Belle River 2 was assumed to retire May 31, 2030.  

The $3.1M represents 5/12 of a full year of capitalized maintenance on the 
unit necessary to maintain safe and environmentally compliant operations. 

 
 
 
Attachments: None 
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Belle River Retirement sensitivity modeling Page 1 of 1 

Modeling of the Belle River Retirement Sensitivities 

1. Strategist unit descriptions

a. BllRvr 1: Existing Unit - retired 12/31/2025 with zero capacity starting in 2025.  Before

2025, this unit was modeled with the full energy of the unit (DTE and MPPA portions)

and only the DTE allotted capacity

b. BllRvr 2: Existing Unit - retired in 12/31/2026 with zero capacity starting in 2026. Before

2026, this unit was modeled with the full energy of the unit (DTE and MPPA portions)

and only the DTE allotted capacity

2. Strategist alternative descriptions

a. BlrCoal1: New alternative in the retirement sensitivities that assumed Belle River 1

continues to run on Coal past 2025

b. BlrCoal2: New alternative in the retirement sensitivities that assumed Belle River 2

continues to run on Coal past 2026

c. The “max capacity” in Strategist was reduced to 81.4% in both alternatives, BlrCoal1 and

BlrCoal2, to remove the MPPA portion of each unit’s energy. For BlrCoal1 and BlrCoal2

only the DTE portion was modeled for capacity, energy, and cost to ensure the

comparison was equivalent for the early retirement and starting point retirement

3. Modeling Parameters for the Belle River alternatives

a. In the Strategist Model as described in section 2, BlrCoal 1 &2 are “tied together.”  This

means that they must start the same day and retire the same day

b. BlrCoal1 has a start date of 6/1/2025 with the DTE portion of capacity starting in 2025 to

account for BllRvr 1, as described in section 1, having zero capacity starting in 2025

i. There is an outage from 5/1/2025 to 12/31/2025 so no energy will be generated

in the model from this unit.  (The energy is still coming from BllRvr 1)

ii. The retirement date of BlrCoal1 is May 2030, the same as BlrCoal2, but an

outage will start in May 2029 and run through May 2030, so essentially this unit

is retiring in May 2029

c. BlrCoal2 has start date of 6/1/2025 with the DTE portion of capacity starting in 2026 to

account for BllRvr 2 running in 2025-2026 but having zero capacity in 2026, as described

in section 1

i. There is an outage from 5/1/2025 to 12/31/2026 so no energy will be generated

in the model from this unit. (The energy is still coming from BllRvr 2)

ii. The retirement date is May 2030, same as BlrCoal1

U-20471 - August 21, 2019
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Question: Refer to Attachment “MECNRDCSCDE-6.7a Belle River Retirement 
sensitivity modeling.pdf” to Response MECNRDCSCDE-6.7a. Refer also to 
Workpaper LKM-534. 

a. Confirm that Belle River 1 is assumed to continue providing energy and
incurring both operational and fixed costs through December 31, 2025
under all retirement sensitivities evaluated by DTE. If not confirmed,
explain why not.

Answer: Confirmed. 

Attachments: N/A 
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Question: Refer to Attachment “MECNRDCSCDE-6.7a Belle River Retirement 

sensitivity modeling.pdf” to Response MECNRDCSCDE-6.7a. Refer also to 
Workpaper LKM-534. 

 
b. Confirm that Belle River 2 is assumed to continue providing energy and 

incurring both operational and fixed costs through December 31, 2026 
under all retirement sensitivities evaluated by DTE. If not confirmed, 
explain why not. 

 
Answer: Confirmed. 
 
 
 
Attachments:  N/A 
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Question: Refer to Attachment “MECNRDCSCDE-6.7a Belle River Retirement 

sensitivity modeling.pdf” to Response MECNRDCSCDE-6.7a. Refer also to 
Workpaper LKM-534. 

 
c. Confirm that DTE’s Strategist modeling of the Belle River retirement 

sensitivity modeled the existing Belle River 1 resource (“BllRvr 1”) as 
providing zero capacity in 2025, despite that unit continuing to operate 
through the end of 2025 under all sensitivities. If confirmed, explain why 
this was done. If this was done in error, provide corrected workpapers. If 
not confirmed, explain why not. 

 
Answer: Confirmed. Typically, coal units are retired in the models in May which is 

the end of the MISO planning year cycle. If the unit is retired in December 
2025 the unit will not receive the MISO capacity credit from June 2025 to 
May 2026 since the units will not be available for the entire planning year. 
Strategist does not allow for monthly capacity inputs. To account for this, 
the existing Belle River 1 resource (“BllRvr 1”) capacity was set to zero in 
2025 but the unit still provided generation. This places the need for capacity 
in June 2025, coincident with the MISO capacity year. Any alternatives that 
were selected by Strategist would fill the capacity need in 2025. 

 
 
 
Attachments:  N/A 
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Question: Refer to Attachment “MECNRDCSCDE-6.7a Belle River Retirement 

sensitivity modeling.pdf” to Response MECNRDCSCDE-6.7a. Refer also to 
Workpaper LKM-534. 

 
d. Confirm that DTE’s Strategist modeling of the Belle River retirement 

sensitivity modeled the existing Belle River 2 resource (“BllRvr 2”) as 
providing zero capacity in 2026, despite that unit continuing to operate 
through the end of 2026 under all sensitivities. If confirmed, explain why 
this was done. If this was done in error, provide corrected workpapers. If 
not confirmed, explain why not. 

 
Answer: Confirmed. Typically, coal units are retired in the models in May which is 

the end of the MISO planning year cycle. If the unit is retired in December 
2025 the unit will not receive the MISO capacity credit from June 2025 to 
May 2026 since the units will not be available for the entire planning year. 
Strategist does not allow for monthly capacity inputs. To account for this, 
the existing Belle River 2 resource (“BllRvr 2”) capacity was set to zero in 
2026 but the unit still provided generation. This places the need for capacity 
in 2026, coincident with the MISO capacity year. alternatives that were 
selected by Strategist would fill the capacity need in 2026. 

 
 
 
 
Attachments:  N/A 
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Question: Refer to Attachment “MECNRDCSCDE-6.7a Belle River Retirement 

sensitivity modeling.pdf” to Response MECNRDCSCDE-6.7a. Refer also to 
Workpaper LKM-534. 

 
e. Confirm that DTE’s Strategist modeling of the Belle River retirement 

sensitivity modeled the continued operation of Belle River 1 as providing 
increased capacity in 2025 relative to an early retirement scenario, 
despite Belle River 1 continuing to operate through the end of 2025 under 
all sensitivities. If confirmed, explain why this was done. If this was done 
in error, provide corrected workpapers. If not confirmed, explain why not. 

 
Answer: Not confirmed.  There is no increased capacity. The capacities align in each 

year. See WP LKM-534 REF Blr Retirement - tiered -  1.75 EE, Loads and 
resource detail, pgs. 118 and 119, in year 2025, The Belle River units, 
BllRvr 1 and BLR-COAL999 add up to the total Belle River 1 capacity, 487 
MW. See response to MECNRDCSCDE-8.8c. 

 
 
 
Attachments: All non-confidential workpapers were included on the discs that were 

provided to parties at the pre-hearing conference on April 26, 2019. In 
addition, the workpapers can be accessed at the following hyperlink 
under MECNRDCSCDE-1, while UPDATED workpapers can be found 
under LKM Workpapers Revised: 

 https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U-
204712019IRPPublic/default.aspx   
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Question: Refer to Attachment “MECNRDCSCDE-6.7a Belle River Retirement 

sensitivity modeling.pdf” to Response MECNRDCSCDE-6.7a. Refer also to 
Workpaper LKM-534. 

 
Confirm that DTE’s Strategist modeling of the Belle River retirement 
sensitivity modeled the continued operation of Belle River 2 as providing 
increased capacity in 2026 relative to an early retirement scenario, despite 
Belle River 2 continuing to operate through the end of 2026 under all 
sensitivities. If confirmed, explain why this was done. If this was done in 
error, provide corrected workpapers. If not confirmed, explain why not. 

 
Answer: Not confirmed. There is no increased capacity. The capacities align in each 

year. See WP LKM-534 REF Blr Retirement - tiered -  1.75 EE, Loads and 
resource detail, in year 2026, pgs. 118 and 119, The Belle River units, 
BllRvr 2 and BLR-COAL998 add up to the total Belle River 2 capacity, 495.7 
MW. See response to MECNRDCSCDE-8.8d. 

 
 
Attachments: All non-confidential workpapers were included on the discs that were 

provided to parties at the pre-hearing conference on April 26, 2019. In 
addition, the workpapers can be accessed at the following hyperlink 
under MECNRDCSCDE-1, while UPDATED workpapers can be found 
under LKM Workpapers Revised: 

 https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U-
204712019IRPPublic/default.aspx   
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1
2
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5
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7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

A B C D E F G H I J K L M N O P Q R S T U V W X
Present Value of Revenue Requirements Summary ($ MM)

Mid Year Adjustment Factor 1.000        

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

Agrees to WP LKM-651 2018 Market Analysis Summary 2023-2035 $218.42

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
Case #1  - Sensitivity 3
Capital Investment 0 0 0 0 0 1 2 3 5 7 9 10 10 10 10 10 9 9 9 8 8 8 7
O&M 0 0 0 0 0 0 0 0 17 35 36 32 14 2 4 4 4 2 0 0 0 0 0
Fuel & Emissions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Energy Purchase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Capacity Purchase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Property Tax, Insurance 0 0 0 0 0 0 0 0 0 18 18 19 19 0 0 0 0 0 0 0 0 0 0
Total Revenue Requirements 0 0 0 0 0 1 2 3 22 60 63 60 43 12 14 14 14 11 9 8 8 8 7

Revenue Requirements
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Direct Testimony of A. Allison 

Exhibit: MEC-21; Source: WP LKM-654 Rev Req Model BR Sensativity 
Page 1 of 1



DTE Electric Company
WP LKM‐448 LCOE UPDATED.xlsx
AdvCC

Case No.: U‐20471
Witness: L.K. Mikulan

Page: 1 of 1

2

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
44
45
46
47
48
4950
51
52
53
54
55
56
57
58
59
60
61
62
63
6465
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

B C D E F G H I J K L M N OL

"Plant build-up- Combined Cycle
Assumptions Conversions Capital Costs (Inflated)

Plant type AdvCC Thousands 1,000 Cost ($ in millions) $486
Year in service (In service "future") 2024 Ten thousand 10,000 Beginning rate base ($/kW-yr) $1,279
Capacity (MW) 429 Millions 1,000,000 Cost Escalation 1.704%
Capacity factor 80.00% Two thousand 2,000
Availability factor 100.00% Hours 8,760 % complete
Heat rate (Btu/kWh) 6300 2012 0.0%
Heat rate degradation 0.00% 2013 0.0%
Economic/useful life 30 2014 0.0%
Fixed O&M ($/kW-yr) 28.96 2015 0.0%
Variable O&M ($/MWh) 2.07 100% 2016 0.0%
Insurance (% original cost) 0.04% 2017 0.0%
Inflation 0.00% 2018 0.0%
Equity/capitalization 50.00% 2019 0.0%
Cost of debt 4.42% 2020 0.0%
Cost of equity 10.00% 2021 10.0%
WACC 6.64% 2022 10.0%
AFUDC equity/capitalization 50.00% 2023 80.0%
AFUDC debt 5.34%
AFUDC equity 5.34%
Tax rate 25.90%
Tax credits ($/MWh) $0.00
Tax credits (% cost) 0.00% Revenue requiement * capacity
Property tax (% original cost) 2.00% $127.89 $392.67 $1,601.58 $167,040.09 $176,147.94 $177,713.73
Property tax % of rate base (CWIP) 25.00% Strategist RR $127.89 $392.67 $1,601.58 $86,146.50 $84,312.50 $82,553.81
Property tax % of rate base (In-service) 50.00% Strategist RR $809,601.31
NOx Emissions (Lb/MMBtu) 0.01 2018$ 727133.75
SO2 Emissions (Lb/MMBtu) 0.00
Hg Emissions 0.00
CO2 Emissions (Lb/MMBtu)) 117.00
Fixed O&M escalation 2.13%
Variable O&M escalation 2.13%
Current year 2018

"Plant build-up- Combined Cycle
Fuel Type CC

Units Levelized NPV 2021 2022 2023 2024 2025 2026
Revenue requirement $/kW-yr - - $0.3 $0.9 $3.7 $389.4 $410.6 $414.3
Generation GWh 3,006 39,966 0 0 0 3,006 3,006 3,006
Fuel - -

Fuel price $/MMBtu - - $0.0 $0.0 $0.0 $3.9 $4.2 $4.3
Fuel use MMBtu - - 0 0 0 18,940,522 18,940,522 18,940,522
Fuel cost $/kW-yr $210 $2,793 $0.0 $0.0 $0.0 ($172.1) ($183.2) ($190.3)

Fixed O&M $/kW-yr $41 $546 $0.0 $0.0 $0.0 ($32.9) ($33.5) ($34.3)
Variable O&M $/kW-yr $21 $273 $0.0 $0.0 $0.0 ($16.4) ($16.8) ($17.1)
Depreciation $/kW-yr - - $0.0 $0.0 $0.0 ($42.6) ($42.6) ($42.6)
Insurance $/kW-yr $0 $6 $0.0 $0.0 $0.0 ($0.4) ($0.4) ($0.4)
Interest $/kW-yr - - $0.0 $0.0 $0.0 ($27.7) ($26.4) ($25.2)
EBT $/kW-yr - - $0.3 $0.9 $3.7 $97.2 $107.5 $104.2
Book taxes $/kW-yr $14 $180 $0.0 $0.0 $0.0 ($21.9) ($20.9) ($20.0)
Property taxes $/kW-yr $13 $175 ($0.3) ($0.9) ($3.7) ($12.8) ($12.8) ($12.8)
Emissions

NOx $/MWh - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
SO2 $/MWh - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Hg $/MWh - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
CO2 $/MWh - - $0.0 $0.0 $0.0 $0.0 $2.0 $2.0
Emissions tax $/kW-yr $23 $312 $0.0 $0.0 $0.0 ($0.0) ($14.0) ($14.3)

Net Income $/kW-yr - - $0.0 $0.0 $0.0 $62.5 $59.8 $57.1

Beginnning rate base $/kW - - $0.0 $122.4 $253.3 $1,279.2 $1,222.8 $1,168.17
Plus CWIP / Less depreciation $/kW-yr - - $119.2 $121.3 $986.7 ($42.6) ($42.6) ($42.6)
Less Deferred tax liability (asset) $/kW-yr - - $0.0 $0.0 $0.0 ($13.8) ($11.9) ($10.2)
Ending rate base $/kW - - $119.2 $243.7 $1,240.0 $1,222.8 $1,168.2 $1,115.3

Beginning debt $/kW - - $0.0 $61.2 $126.7 $639.6 $611.4 $584.1
Principal repayments $/kW-yr - - $59.6 $60.6 $493.4 ($21.3) ($21.3) ($21.3)
Less Deferred tax liability (asset) $/kW-yr - - $0.0 $0.0 $0.0 ($6.9) ($6.0) ($5.1)
Ending debt $/kW - - $59.6 $121.8 $620.0 $611.4 $584.1 $557.7

Cost of Debt (Debt portion AFUDC prior to 2024 ) $/kW-yr - - $1.6 $4.8 $19.6 $27.7 $26.4 $25.2

Beginning equity $/kW - - $0.0 $61.2 $126.7 $639.6 $611.4 $584.1
Return of equity $/kW-yr - - $59.6 $60.6 $493.4 ($21.3) ($21.3) ($21.3)
Less Deferred tax liability (asset) $/kW-yr - - $0.0 $0.0 $0.0 ($6.9) ($6.0) ($5.1)
Ending equity $/kW - - $59.6 $121.8 $620.0 $611.4 $584.1 $557.7

Return on equity (Equity portion AFUDC prior to 2024 ) $/kW-yr - - $1.6 $4.8 $19.6 $62.5 $59.8 $57.1

Total return on debt & equity $/kW-yr $98 $1,309 $0.0 $0.0 $0.0 $132.9 $128.9 $125.0
After-tax return on debt & equity $/kW-yr - - $0.0 $0.0 $0.0 $114.6 $111.0 $107.4

Tax depreciation $/kW-yr - - 0 0 0 (96) (89) (82)
Deferred tax liability (asset) $/kW-yr - - $0.0 $0.0 $0.0 $13.8 $11.9 $10.2
Tax credit $/kW-yr - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Levelized cost of energy
Unit $/MWh Today Levelized NPV

Capital cost $/kW-yr $14.0 $98 $1,309
Fuel costs $/kW-yr $30.0 $210 $2,793
Fixed O&M $/kW-yr $5.9 $41 $546
Variable O&M $/kW-yr $2.9 $21 $273
Insurance $/kW-yr $0.1 $0 $6
Emissions costs $/kW-yr $3.3 $23 $312
Taxes $/kW-yr $4 $27 $355
Levelized cost of energy $/kW-yr $60.04 $420.8 $5,593.5

0 0 0 0.5 1.5 2.5
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"Plant build-up- Solar PV Tracking
Assumptions Conversions Capital Costs (Inflated)

Plant type SolarTr Thousands 1,000 Cost ($ in millions) $72
Year in service (In service "future") 2024 Ten thousand 10,000 Beginning rate base ($/kW-yr) $1,519 ($0.00032)
Capacity (MW) 50 Millions 1,000,000 Cost Escalation 0.6%
Capacity factor 22.50% Two thousand 2,000
Availability factor 100.00% Hours 8,760 % complete
Heat rate (Btu/kWh) 0 2012 0.0%
Heat rate degradation 0.00% 2013 0.0%
Economic/useful life 30 2014 0.0%
Fixed O&M ($/kW-yr) 25.00 2015 0.0%
Variable O&M ($/MWh) 0.00 2016 0.0%
Insurance (% original cost) 0.00% 2017 0.0%
Inflation 0.00% 2018 0.0%
Equity/capitalization 50.00% 2019 0.0%
Cost of debt 4.42% 2020 0.0%
Cost of equity 10.00% 2021 0.0%
WACC 6.64% 2022 0.0%
AFUDC equity/capitalization 50.00% 2023 100.0%
AFUDC debt 5.34%
AFUDC equity 5.34%
Tax rate 25.90%
Tax credits ($/MWh) $0.00
Tax credits (% cost) 30.00% Revenue requiement * capacity
Property tax (% original cost) 0.00% $0.00 $9,403.85 $8,816.33 $8,349.92 $7,925.29 $7,501.34
Property tax % of rate base (CWIP) 25.00% Strategist R $0.00 $9,403.85 $8,816.33 $8,349.92 $7,925.29 $7,501.34
Property tax % of rate base (In-service) 50.00% Strategist R $88,152.3304
NOx Emissions (Lb/MMBtu) 0.00
SO2 Emissions (Lb/MMBtu) 0.00
Hg Emissions 0.00
CO2 Emissions (Lb/MMBtu)) 0.00
Fixed O&M escalation 2.13%
Variable O&M escalation 2.13%
Current year 2018

"Plant build-up- Solar PV Tracking
Fuel Type Renewables

Units Levelized NPV 2023 2024 2025 2026 2027 2028
Revenue requirement $/kW-yr - - $0.0 $188.1 $176.3 $167.0 $158.5 $150.0
Generation GWh 99 1,310 0 99 99 99 99 99
Fuel - -

Fuel price $/MMBtu - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Fuel use MMBtu - - 0 0 0 0 0 0
Fuel cost $/kW-yr $0 $0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Fixed O&M $/kW-yr $35 $472 $0.0 ($28.4) ($29.0) ($29.6) ($30.2) ($30.9)
Variable O&M $/kW-yr $0 $0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Depreciation $/kW-yr - - $0.0 ($50.6) ($50.6) ($50.6) ($50.6) ($50.6)
Insurance $/kW-yr $0 $0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Interest $/kW-yr - - $0.0 ($31.9) ($28.8) ($26.4) ($24.1) ($21.9)
EBT $/kW-yr - - $0.0 $77.2 $67.9 $60.4 $53.5 $46.6
Book taxes $/kW-yr ($6) ($83) $0.0 ($5.1) ($2.7) ($0.7) $1.0 $2.8
Property taxes $/kW-yr $0 $0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Emissions

NOx $/MWh - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
SO2 $/MWh - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Hg $/MWh - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
CO2 $/MWh - - $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Emissions tax $/kW-yr $0 $0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Net Income $/kW-yr - - $0.0 $72.1 $65.2 $59.6 $54.6 $49.5

Beginnning rate base $/kW - - $0.0 $1,519.5 $1,363.9 $1,243.7 $1,141.9 $1,040.1
Plus CWIP / Less depreciation $/kW-yr - - $1,480.0 ($50.6) ($50.6) ($50.6) ($50.6) ($50.6)
Less Deferred tax liability (asset) $/kW-yr - - $0.0 ($104.9) ($69.5) ($51.2) ($51.2) ($51.2)
Ending rate base $/kW - - $1,480.0 $1,363.9 $1,243.7 $1,141.9 $1,040.1 $938.3

Beginning debt $/kW - - $0.0 $759.7 $681.9 $621.9 $571.0 $520.0
Principal repayments $/kW-yr - - $740.0 ($25.3) ($25.3) ($25.3) ($25.3) ($25.3)
Less Deferred tax liability (asset) $/kW-yr - - $0.0 ($52.5) ($34.8) ($25.6) ($25.6) ($25.6)
Ending debt $/kW - - $740.0 $681.9 $621.9 $571.0 $520.0 $469.1

Cost of Debt (Debt portion AFUDC prior to 2024 ) $/kW-yr - - $19.8 $31.9 $28.8 $26.4 $24.1 $21.9

Beginning equity $/kW - - $0.0 $759.7 $681.9 $621.9 $571.0 $520.0
Return of equity $/kW-yr - - $740.0 ($25.3) ($25.3) ($25.3) ($25.3) ($25.3)
Less Deferred tax liability (asset) $/kW-yr - - $0.0 ($52.5) ($34.8) ($25.6) ($25.6) ($25.6)
Ending equity $/kW - - $740.0 $681.9 $621.9 $571.0 $520.0 $469.1

Return on equity (Equity portion AFUDC prior to 2024 ) $/kW-yr - - $19.8 $72.1 $65.2 $59.6 $54.6 $49.5

Total return on debt & equity $/kW-yr $108 $1,432 $0.0 $154.6 $144.7 $136.7 $129.3 $122.0
After-tax return on debt & equity $/kW-yr - - $0.0 $133.2 $124.1 $116.7 $110.0 $103.2

Tax depreciation $/kW-yr - - 0 (456) (319) (248) (248) (248)
Deferred tax liability (asset) $/kW-yr - - $0.0 $104.9 $69.5 $51.2 $51.2 $51.2
Tax credit $/kW-yr - - $0.0 $14.9 $14.9 $14.9 $14.9 $14.9

Levelized cost of energy
Unit $/MWh Today Levelized NPV

Capital cost $/kW-yr $54.7 $108 $1,432
Fuel costs $/kW-yr $0.0 $0 $0
Fixed O&M $/kW-yr $18.0 $35 $472
Variable O&M $/kW-yr $0.0 $0 $0
Insurance $/kW-yr $0.0 $0 $0
Emissions costs $/kW-yr $0.0 $0 $0
Taxes $/kW-yr ($3.18) ($6) ($83)
Levelized cost of energy $/kW-yr $69.49 $137.0 $1,820.6
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MPSC Case No.: 
Requestor: 
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Respondent: 

Page: 

U-20471
MECNRDCSC 
MECNRDCSCDE-7.12a 
L. K. Mikulan
1 of 1 

Question: Refer to Workpaper LKM-448, tab “Wind.” 

a. Refer to cells J30:BR30. Confirm that these values are in units of
nominal dollars. If not confirmed, explain why not.

Answer: Confirmed. 

Attachments: N/A 
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1 of 1  
 

 
Question: Refer to Workpaper LKM-448, tab “Wind.” 
 

b. Refer to cell J31. Confirm that, assuming a default in-service date of 
2024, this value is in units of 2021 NPV dollars. If not confirmed, explain 
why not. If confirmed, verify that this is the intended dollar year for this 
value. 

 
 
Answer: Installed cost for a 2024 in-service project is in 2024 dollars.  The 2024 

dollars were assumed to be deployed over a three-year period starting in 
2021 (i.e., the capital in 2021 is an allocation of 2024 dollars).   

 
 The intent of the NPV in cell J31 was to calculate a base revenue 

requirement input to the Strategist model which was representative of a 
wind project placed in-service in 2024.  The methodology to calculate base 
revenue requirement inputs to Strategist was consistent across all 
technologies. 

 
 
Attachments: N/A 
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U-20471  
MECNRDCSC  
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L. K. Mikulan  
1 of 1  
 

 
Question: Refer to Workpaper LKM-448, tab “Wind.” 
 

c. Refer to cell J31. Confirm that, assuming a default in-service date of 
2018, this value is in units of 2015 NPV dollars. If not confirmed, explain 
why not. If confirmed, verify that this is the intended dollar year for this 
value. 

 
 
Answer: Installed cost for a 2018 in-service project is in 2018 dollars.  The 2018 

dollars were assumed to be deployed over a three-year period starting in 
2015 (i.e., the capital in 2015 is an allocation of 2018 dollars).   

 
 The intent of the NPV in cell J31 was to calculate a base revenue 

requirement input to the Strategist model which was representative of a 
wind project placed in-service in 2018.  The methodology to calculate base 
revenue requirement inputs to Strategist was consistent across all 
technologies. 

 
 
 
Attachments: N/A 
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Land-Based Wind Inputs https://atb.nrel.gov/electricity/2017/index.html?t=lw

Inputs
Take me to: Calculated

X Current Costs

TRG 1 48%
TRG 2 47%
TRG 3 45% Land-Based Wind Techno-Resource Groups (TRG)
TRG 4 44%

TRG 5 41%
TRG 6 37% TRG1 8.2 - 13.5 8.7 1573 51 47.4% 100 414
TRG 7 31% TRG2 8.0 - 10.9 8.4 1592 51 46.2% 200 810
TRG 8 25% TRG3 7.7 - 11.1 8.2 1599 51 45.0% 400 1576
TRG 9 19% TRG4 7.5 - 13.1 7.9 1605 51 43.5% 800 3050

TRG 10 11% TRG5 6.9 - 11.1 7.5 1616 51 40.7% 1600 5708
TRG6 6.1 - 9.4 6.9 1642 51 36.4% 1600 5098

TRG 1 4,175 TRG7 5.4 - 8.3 6.2 1678 51 30.8% 1600 4320
TRG 2 4,074 TRG8 4.7 - 6.9 5.5 1708 51 24.6% 1600 3443
TRG 3 3,971 TRG9 4.0 - 6.0 4.8 1713 51 18.3% 1600 2558
TRG 4 3,845 TRG10 1.0 - 5.3 4.0 1713 51 11.1% 1148 1116
TRG 5 3,606 Total 10,648 28,092
TRG 6 3,231
TRG 7 2,747
TRG 8 2,194 2.5%
TRG 9 1,642 30

TRG 10 1,004 3.7%
1.2%

TRG 1 $1,529 3.7%
TRG 2 $1,549 9.0%
TRG 3 $1,559 6.4%
TRG 4 $1,567 60.0%
TRG 5 $1,585 25.7%
TRG 6 $1,622 5.3%
TRG 7 $1,669 2.7%
TRG 8 $1,705 5
TRG 9 $1,735 1.022

TRG 10 $1,751 0.868
1.046

TRG 1 $33 6.7%
TRG 2 $34 4.9%
TRG 3 $34
TRG 4 $34 3
TRG 5 $35 Year Capital Accumulated
TRG 6 $35 Index Fraction Interest
TRG 7 $36 0 80% 1.014
TRG 8 $37 1 10% 1.042
TRG 9 $38 2 10% 1.071

TRG 10 $38
MACRS yr 1 2 3 4 5 6

TRG 1 $1,495 Depreciation 0.2000 0.3200 0.1920 0.1152 0.1152 0.0576
TRG 2 $1,515 Fraction
TRG 3 $1,525 Depreciation 0.9499 0.9023 0.8571 0.8142 0.7734 0.7346
TRG 4 $1,533 Factor
TRG 5 $1,550
TRG 6 $1,587
TRG 7 $1,632
TRG 8 $1,668
TRG 9 $1,697

TRG 10 $1,713

TRG 1 $51
TRG 2 $51
TRG 3 $51
TRG 4 $51
TRG 5 $51
TRG 6 $51
TRG 7 $51
TRG 8 $51
TRG 9 $51

TRG 10 $51

TRG 1 $0
TRG 2 $0
TRG 3 $0
TRG 4 $0
TRG 5 $0
TRG 6 $0
TRG 7 $0
TRG 8 $0
TRG 9 $0

TRG 10 $0

TRG 1 5.3%
TRG 2 5.3%
TRG 3 5.3%
TRG 4 5.3%
TRG 5 5.3%
TRG 6 5.3%
TRG 7 5.3%
TRG 8 5.3%
TRG 9 5.3%

TRG 10 5.3%

TRG 1 $0
TRG 2 $0
TRG 3 $0
TRG 4 $0
TRG 5 $0
TRG 6 $0
TRG 7 $0
TRG 8 $0
TRG 9 $0

TRG 10 $0

TRG 1 $0
TRG 2 $0
TRG 3 $0
TRG 4 $0
TRG 5 $0
TRG 6 $0
TRG 7 $0
TRG 8 $0
TRG 9 $0

TRG 10 $0

TRG 1 $0
TRG 2 $0
TRG 3 $0
TRG 4 $0
TRG 5 $0
TRG 6 $0
TRG 7 $0
TRG 8 $0
TRG 9 $0

TRG 10 $0

TRG 1 $37
TRG 2 $38
TRG 3 $39
TRG 4 $41
TRG 5 $44
TRG 6 $50
TRG 7 $60
TRG 8 $76
TRG 9 $102

TRG 10 $169

TRG 1 $31 * this is similar to the LCOE used in the TCDB (Transparent Cost Database)
TRG 2 $32
TRG 3 $33
TRG 4 $34
TRG 5 $36
TRG 6 $41
TRG 7 $49
TRG 8 $62
TRG 9 $84

TRG 10 $139

***Note: For future projections, low, mid, and high refer to the resulting low, mid, and high LCOE projections.
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High

X
Basis Year

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 1 - Low 48% 49% 49% 50% 50% 51% 51% 52% 52% 53% 53% 53% 54% 54% 55% 55% 55% 56% 56% 56% 56% 57% 57% 57% 57% 57% 58% 58% 58% 58% 58% 58% 58% 58% 58%
TRG 1 - Mid 48% 48% 48% 49% 49% 49% 49% 50% 50% 50% 50% 51% 51% 51% 51% 52% 52% 52% 52% 52% 53% 53% 53% 53% 53% 53% 54% 54% 54% 54% 54% 54% 54% 55% 55%
TRG 1 - Constant 48% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47% 47%
TRG 2 - Low 47% 47% 48% 49% 49% 50% 50% 51% 51% 52% 52% 52% 53% 53% 54% 54% 54% 55% 55% 55% 55% 56% 56% 56% 56% 56% 57% 57% 57% 57% 57% 57% 57% 57% 57%
TRG 2 - Mid 47% 47% 47% 47% 48% 48% 48% 49% 49% 49% 49% 50% 50% 50% 50% 51% 51% 51% 51% 51% 52% 52% 52% 52% 52% 52% 53% 53% 53% 53% 53% 53% 53% 54% 54%
TRG 2 - Constant 47% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46%
TRG 3 - Low 45% 46% 47% 48% 48% 49% 49% 50% 51% 51% 52% 52% 52% 53% 53% 54% 54% 54% 55% 55% 55% 56% 56% 56% 56% 57% 57% 57% 57% 57% 57% 57% 57% 57% 57%
TRG 3 - Mid 45% 46% 46% 46% 47% 47% 47% 48% 48% 48% 49% 49% 49% 49% 50% 50% 50% 50% 51% 51% 51% 51% 52% 52% 52% 52% 52% 52% 53% 53% 53% 53% 53% 53% 54%
TRG 3 - Constant 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45%
TRG 4 - Low 44% 45% 46% 46% 47% 48% 48% 49% 49% 50% 50% 51% 51% 52% 52% 53% 53% 53% 54% 54% 54% 55% 55% 55% 55% 56% 56% 56% 56% 56% 56% 56% 57% 57% 57%
TRG 4 - Mid 44% 44% 45% 45% 45% 46% 46% 46% 47% 47% 47% 48% 48% 48% 48% 49% 49% 49% 49% 50% 50% 50% 50% 51% 51% 51% 51% 51% 52% 52% 52% 52% 52% 52% 52%
TRG 4 - Constant 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44% 44%
TRG 5 - Low 41% 42% 43% 44% 45% 45% 46% 47% 48% 48% 49% 49% 50% 50% 51% 51% 52% 52% 53% 53% 53% 54% 54% 54% 55% 55% 55% 55% 56% 56% 56% 56% 56% 56% 56%
TRG 5 - Mid 41% 42% 42% 42% 43% 43% 44% 44% 44% 45% 45% 45% 46% 46% 46% 47% 47% 47% 48% 48% 48% 48% 49% 49% 49% 49% 50% 50% 50% 50% 50% 51% 51% 51% 51%
TRG 5 - Constant 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41% 41%
TRG 6 - Low 37% 38% 39% 40% 41% 42% 43% 44% 44% 45% 46% 47% 47% 48% 49% 49% 50% 50% 51% 51% 52% 52% 52% 53% 53% 53% 54% 54% 54% 54% 54% 54% 55% 55% 55%
TRG 6 - Mid 37% 37% 38% 38% 39% 39% 40% 40% 41% 41% 42% 42% 42% 43% 43% 44% 44% 44% 45% 45% 45% 46% 46% 46% 46% 47% 47% 47% 48% 48% 48% 48% 48% 49% 49%
TRG 6 - Constant 37% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36% 36%
TRG 7 - Low 31% 33% 34% 35% 36% 37% 38% 38% 39% 40% 41% 41% 42% 43% 43% 44% 45% 45% 46% 46% 47% 47% 47% 48% 48% 48% 49% 49% 49% 49% 49% 50% 50% 50% 50%
TRG 7 - Mid 31% 32% 32% 33% 33% 34% 34% 35% 35% 36% 36% 37% 37% 37% 38% 38% 39% 39% 39% 40% 40% 40% 41% 41% 41% 42% 42% 42% 42% 43% 43% 43% 43% 44% 44%
TRG 7 - Constant 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31%
TRG 8 - Low 25% 26% 27% 28% 29% 30% 31% 31% 32% 33% 33% 34% 35% 35% 36% 36% 37% 37% 38% 38% 39% 39% 39% 40% 40% 40% 40% 41% 41% 41% 41% 41% 41% 41% 41%
TRG 8 - Mid 25% 26% 26% 26% 27% 27% 28% 28% 29% 29% 29% 30% 30% 30% 31% 31% 31% 32% 32% 32% 33% 33% 33% 34% 34% 34% 34% 35% 35% 35% 35% 35% 36% 36% 36%
TRG 8 - Constant 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%
TRG 9 - Low 19% 20% 21% 22% 23% 24% 24% 25% 26% 27% 27% 28% 29% 29% 30% 30% 31% 31% 32% 32% 33% 33% 33% 34% 34% 34% 34% 35% 35% 35% 35% 35% 35% 35% 35%
TRG 9 - Mid 19% 19% 20% 20% 21% 21% 21% 22% 22% 23% 23% 24% 24% 24% 25% 25% 25% 26% 26% 26% 27% 27% 27% 27% 28% 28% 28% 29% 29% 29% 29% 29% 30% 30% 30%
TRG 9 - Constant 19% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18%
TRG 10 - Low 11% 12% 13% 14% 14% 15% 15% 16% 17% 17% 18% 18% 18% 19% 19% 20% 20% 20% 21% 21% 21% 22% 22% 22% 22% 23% 23% 23% 23% 23% 23% 23% 23% 23% 23%
TRG 10 - Mid 11% 12% 12% 12% 13% 13% 13% 14% 14% 14% 15% 15% 15% 15% 16% 16% 16% 16% 17% 17% 17% 17% 18% 18% 18% 18% 18% 18% 19% 19% 19% 19% 19% 19% 20%
TRG 10 - Constant 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11% 11%

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 1 - Low 4,175 4,251 4,301 4,349 4,395 4,440 4,484 4,526 4,566 4,605 4,642 4,678 4,713 4,746 4,777 4,807 4,836 4,863 4,888 4,912 4,935 4,956 4,975 4,994 5,010 5,025 5,039 5,051 5,061 5,070 5,078 5,084 5,089 5,092 5,093
TRG 1 - Mid 4,175 4,202 4,228 4,253 4,278 4,303 4,327 4,350 4,373 4,396 4,418 4,439 4,460 4,481 4,500 4,520 4,539 4,557 4,575 4,593 4,610 4,626 4,642 4,657 4,672 4,687 4,700 4,714 4,727 4,739 4,751 4,762 4,773 4,783 4,793
TRG 1 - Constant 4,175 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148 4,148
TRG 2 - Low 4,074 4,152 4,202 4,251 4,298 4,344 4,388 4,431 4,472 4,512 4,550 4,587 4,622 4,655 4,687 4,718 4,747 4,775 4,800 4,825 4,848 4,869 4,889 4,908 4,924 4,940 4,953 4,966 4,976 4,986 4,993 5,000 5,004 5,007 5,009
TRG 2 - Mid 4,074 4,101 4,128 4,154 4,179 4,204 4,229 4,253 4,276 4,299 4,321 4,343 4,364 4,385 4,406 4,425 4,445 4,463 4,482 4,499 4,517 4,533 4,549 4,565 4,580 4,595 4,609 4,623 4,636 4,648 4,660 4,672 4,683 4,694 4,704
TRG 2 - Constant 4,074 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047 4,047
TRG 3 - Low 3,971 4,059 4,117 4,172 4,226 4,278 4,329 4,377 4,424 4,469 4,513 4,555 4,595 4,633 4,669 4,704 4,737 4,768 4,798 4,826 4,852 4,876 4,899 4,920 4,939 4,957 4,972 4,986 4,999 5,009 5,018 5,025 5,030 5,034 5,036
TRG 3 - Mid 3,971 4,001 4,032 4,061 4,090 4,119 4,147 4,174 4,200 4,227 4,252 4,277 4,301 4,325 4,348 4,371 4,393 4,414 4,435 4,455 4,475 4,494 4,512 4,530 4,547 4,564 4,580 4,595 4,610 4,625 4,638 4,652 4,664 4,676 4,688
TRG 3 - Constant 3,971 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939 3,939
TRG 4 - Low 3,845 3,938 3,998 4,056 4,112 4,166 4,219 4,270 4,319 4,366 4,412 4,455 4,497 4,537 4,575 4,611 4,646 4,679 4,710 4,739 4,766 4,791 4,815 4,837 4,857 4,875 4,892 4,906 4,919 4,930 4,939 4,947 4,952 4,956 4,958
TRG 4 - Mid 3,845 3,877 3,909 3,940 3,970 4,000 4,029 4,057 4,085 4,113 4,139 4,165 4,191 4,215 4,240 4,263 4,286 4,308 4,330 4,351 4,372 4,392 4,411 4,429 4,448 4,465 4,482 4,498 4,514 4,528 4,543 4,557 4,570 4,582 4,594
TRG 4 - Constant 3,845 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813 3,813
TRG 5 - Low 3,606 3,715 3,785 3,853 3,919 3,982 4,044 4,104 4,161 4,216 4,269 4,321 4,369 4,416 4,461 4,503 4,544 4,582 4,618 4,652 4,684 4,714 4,742 4,768 4,791 4,812 4,832 4,849 4,864 4,877 4,887 4,896 4,902 4,907 4,909
TRG 5 - Mid 3,606 3,644 3,681 3,717 3,753 3,787 3,821 3,855 3,887 3,919 3,950 3,981 4,011 4,040 4,068 4,096 4,122 4,149 4,174 4,199 4,223 4,246 4,269 4,290 4,312 4,332 4,352 4,371 4,389 4,406 4,423 4,439 4,455 4,469 4,483
TRG 5 - Constant 3,606 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568 3,568
TRG 6 - Low 3,231 3,361 3,444 3,525 3,604 3,680 3,754 3,825 3,893 3,959 4,022 4,083 4,142 4,197 4,251 4,301 4,350 4,395 4,438 4,479 4,517 4,553 4,586 4,616 4,644 4,670 4,693 4,713 4,731 4,746 4,759 4,769 4,777 4,782 4,785
TRG 6 - Mid 3,231 3,276 3,320 3,364 3,406 3,447 3,488 3,528 3,567 3,605 3,642 3,678 3,714 3,748 3,782 3,815 3,847 3,878 3,909 3,938 3,967 3,994 4,021 4,047 4,073 4,097 4,120 4,143 4,165 4,186 4,206 4,225 4,243 4,261 4,277
TRG 6 - Constant 3,231 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186 3,186
TRG 7 - Low 2,747 2,881 2,968 3,052 3,134 3,212 3,289 3,362 3,433 3,502 3,568 3,631 3,691 3,749 3,805 3,857 3,907 3,955 3,999 4,042 4,081 4,118 4,152 4,184 4,213 4,239 4,263 4,284 4,303 4,319 4,332 4,343 4,351 4,356 4,359
TRG 7 - Mid 2,747 2,794 2,839 2,884 2,928 2,971 3,013 3,055 3,095 3,134 3,173 3,211 3,247 3,283 3,318 3,353 3,386 3,418 3,450 3,480 3,510 3,539 3,567 3,594 3,620 3,645 3,669 3,693 3,715 3,737 3,758 3,778 3,797 3,815 3,832
TRG 7 - Constant 2,747 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700 2,700
TRG 8 - Low 2,194 2,312 2,389 2,464 2,536 2,606 2,673 2,738 2,801 2,862 2,920 2,976 3,029 3,081 3,130 3,176 3,221 3,262 3,302 3,339 3,374 3,407 3,437 3,465 3,491 3,514 3,536 3,554 3,571 3,585 3,596 3,606 3,613 3,618 3,620
TRG 8 - Mid 2,194 2,235 2,276 2,315 2,354 2,392 2,429 2,466 2,502 2,537 2,571 2,604 2,637 2,668 2,699 2,730 2,759 2,788 2,816 2,843 2,869 2,894 2,919 2,943 2,966 2,988 3,010 3,031 3,051 3,070 3,088 3,106 3,123 3,139 3,154
TRG 8 - Constant 2,194 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152 2,152
TRG 9 - Low 1,642 1,763 1,842 1,918 1,992 2,063 2,132 2,199 2,263 2,325 2,385 2,442 2,497 2,549 2,599 2,647 2,692 2,735 2,776 2,814 2,850 2,883 2,914 2,943 2,969 2,993 3,015 3,034 3,051 3,065 3,077 3,087 3,094 3,099 3,101
TRG 9 - Mid 1,642 1,684 1,725 1,766 1,806 1,845 1,883 1,920 1,957 1,992 2,027 2,062 2,095 2,127 2,159 2,190 2,220 2,249 2,278 2,306 2,333 2,359 2,384 2,408 2,432 2,455 2,477 2,498 2,519 2,538 2,557 2,575 2,592 2,609 2,624
TRG 9 - Constant 1,642 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599
TRG 10 - Low 1,004 1,091 1,148 1,202 1,256 1,307 1,357 1,405 1,451 1,496 1,539 1,580 1,619 1,657 1,693 1,727 1,760 1,791 1,820 1,847 1,873 1,897 1,920 1,940 1,959 1,976 1,992 2,006 2,018 2,028 2,037 2,044 2,049 2,052 2,054
TRG 10 - Mid 1,004 1,034 1,064 1,093 1,122 1,150 1,177 1,204 1,230 1,256 1,281 1,306 1,330 1,353 1,376 1,398 1,420 1,441 1,462 1,481 1,501 1,520 1,538 1,555 1,572 1,589 1,605 1,620 1,635 1,649 1,662 1,675 1,688 1,700 1,711
TRG 10 - Constant 1,004 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973 973

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 1 - Low $1,529 $1,438 $1,401 $1,360 $1,316 $1,266 $1,214 $1,158 $1,099 $1,038 $975 $909 $842 $751 $724 $693 $688 $683 $677 $672 $667 $662 $656 $651 $646 $640 $635 $630 $625 $619 $614 $609 $603 $598 $593
TRG 1 - Mid $1,529 $1,508 $1,488 $1,469 $1,450 $1,433 $1,416 $1,399 $1,383 $1,368 $1,354 $1,340 $1,327 $1,315 $1,304 $1,293 $1,283 $1,273 $1,264 $1,256 $1,249 $1,242 $1,236 $1,231 $1,227 $1,223 $1,220 $1,217 $1,215 $1,214 $1,214 $1,214 $1,215 $1,217 $1,219
TRG 1 - Constant $1,529 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596 $1,596
TRG 2 - Low $1,549 $1,458 $1,422 $1,382 $1,338 $1,288 $1,235 $1,179 $1,120 $1,058 $994 $928 $859 $766 $739 $708 $703 $697 $692 $687 $682 $676 $671 $666 $660 $655 $650 $644 $639 $634 $628 $623 $618 $612 $607
TRG 2 - Mid $1,549 $1,528 $1,509 $1,490 $1,472 $1,454 $1,437 $1,421 $1,405 $1,391 $1,377 $1,363 $1,350 $1,338 $1,327 $1,316 $1,306 $1,297 $1,288 $1,280 $1,273 $1,267 $1,261 $1,256 $1,251 $1,247 $1,244 $1,242 $1,240 $1,239 $1,239 $1,239 $1,240 $1,242 $1,244
TRG 2 - Constant $1,549 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616 $1,616
TRG 3 - Low $1,559 $1,477 $1,445 $1,408 $1,366 $1,306 $1,245 $1,183 $1,120 $1,057 $992 $927 $860 $772 $746 $717 $713 $708 $704 $699 $695 $690 $686 $681 $677 $672 $668 $663 $658 $654 $649 $645 $640 $636 $631
TRG 3 - Mid $1,559 $1,541 $1,523 $1,506 $1,490 $1,474 $1,459 $1,444 $1,430 $1,417 $1,405 $1,393 $1,381 $1,370 $1,360 $1,351 $1,342 $1,334 $1,326 $1,320 $1,313 $1,308 $1,303 $1,298 $1,294 $1,291 $1,289 $1,287 $1,286 $1,285 $1,285 $1,286 $1,287 $1,289 $1,292
TRG 3 - Constant $1,559 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622 $1,622
TRG 4 - Low $1,567 $1,490 $1,460 $1,425 $1,384 $1,323 $1,261 $1,199 $1,136 $1,072 $1,006 $940 $873 $784 $758 $729 $725 $721 $716 $712 $708 $704 $699 $695 $691 $687 $682 $678 $674 $669 $665 $661 $657 $652 $648
TRG 4 - Mid $1,567 $1,550 $1,534 $1,517 $1,502 $1,487 $1,473 $1,459 $1,446 $1,434 $1,422 $1,411 $1,400 $1,390 $1,381 $1,372 $1,364 $1,356 $1,349 $1,343 $1,337 $1,332 $1,327 $1,323 $1,320 $1,317 $1,315 $1,314 $1,313 $1,312 $1,313 $1,314 $1,315 $1,317 $1,320
TRG 4 - Constant $1,567 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629 $1,629
TRG 5 - Low $1,585 $1,524 $1,502 $1,472 $1,435 $1,369 $1,302 $1,235 $1,168 $1,099 $1,030 $961 $890 $796 $770 $741 $739 $737 $735 $733 $731 $728 $726 $724 $722 $720 $718 $716 $714 $711 $709 $707 $705 $703 $701
TRG 5 - Mid $1,585 $1,571 $1,558 $1,546 $1,534 $1,522 $1,511 $1,501 $1,491 $1,482 $1,473 $1,464 $1,456 $1,449 $1,442 $1,435 $1,429 $1,424 $1,419 $1,414 $1,410 $1,407 $1,404 $1,402 $1,400 $1,398 $1,397 $1,397 $1,397 $1,397 $1,398 $1,400 $1,402 $1,404 $1,407
TRG 5 - Constant $1,585 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640 $1,640
TRG 6 - Low $1,622 $1,587 $1,579 $1,560 $1,529 $1,459 $1,388 $1,316 $1,244 $1,172 $1,098 $1,024 $904 $866 $834 $809 $792 $792 $792 $792 $793 $793 $793 $793 $793 $793 $793 $793 $794 $794 $794 $794 $794 $794 $794
TRG 6 - Mid $1,622 $1,615 $1,609 $1,602 $1,596 $1,590 $1,585 $1,580 $1,575 $1,570 $1,566 $1,562 $1,559 $1,556 $1,553 $1,550 $1,548 $1,546 $1,544 $1,543 $1,542 $1,542 $1,541 $1,541 $1,542 $1,542 $1,543 $1,545 $1,546 $1,548 $1,550 $1,553 $1,556 $1,559 $1,563
TRG 6 - Constant $1,622 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666 $1,666
TRG 7 - Low $1,669 $1,654 $1,659 $1,649 $1,627 $1,557 $1,487 $1,415 $1,342 $1,269 $1,194 $1,118 $993 $953 $921 $897 $881 $881 $882 $882 $882 $883 $883 $883 $883 $884 $884 $884 $885 $885 $885 $886 $886 $886 $886
TRG 7 - Mid $1,669 $1,667 $1,666 $1,665 $1,664 $1,664 $1,663 $1,663 $1,663 $1,663 $1,663 $1,663 $1,664 $1,665 $1,665 $1,666 $1,668 $1,669 $1,670 $1,672 $1,674 $1,676 $1,678 $1,680 $1,682 $1,685 $1,688 $1,691 $1,694 $1,697 $1,700 $1,704 $1,708 $1,711 $1,715
TRG 7 - Constant $1,669 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703 $1,703
TRG 8 - Low $1,705 $1,699 $1,712 $1,710 $1,695 $1,634 $1,572 $1,508 $1,441 $1,373 $1,302 $1,229 $1,106 $1,066 $1,035 $1,012 $997 $994 $991 $989 $986 $983 $980 $978 $975 $972 $969 $967 $964 $961 $959 $956 $953 $950 $948
TRG 8 - Mid $1,705 $1,707 $1,710 $1,712 $1,715 $1,717 $1,720 $1,722 $1,725 $1,728 $1,731 $1,734 $1,737 $1,740 $1,743 $1,746 $1,749 $1,752 $1,756 $1,759 $1,763 $1,766 $1,770 $1,773 $1,777 $1,781 $1,785 $1,788 $1,792 $1,796 $1,800 $1,805 $1,809 $1,813 $1,817
TRG 8 - Constant $1,705 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733 $1,733
TRG 9 - Low $1,735 $1,783 $1,825 $1,846 $1,849 $1,787 $1,722 $1,655 $1,585 $1,512 $1,437 $1,360 $1,228 $1,186 $1,154 $1,132 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121 $1,121
TRG 9 - Mid $1,735 $1,751 $1,767 $1,782 $1,797 $1,812 $1,827 $1,841 $1,855 $1,868 $1,882 $1,895 $1,907 $1,920 $1,931 $1,943 $1,954 $1,965 $1,976 $1,986 $1,996 $2,006 $2,016 $2,025 $2,033 $2,042 $2,050 $2,058 $2,065 $2,072 $2,079 $2,085 $2,091 $2,097 $2,103
TRG 9 - Constant $1,735 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738
TRG 10 - Low $1,751 $1,820 $1,882 $1,925 $1,949 $1,954 $1,942 $1,915 $1,874 $1,819 $1,752 $1,674 $1,524 $1,474 $1,436 $1,410 $1,396 $1,389 $1,382 $1,376 $1,369 $1,363 $1,356 $1,349 $1,343 $1,336 $1,329 $1,323 $1,316 $1,310 $1,303 $1,296 $1,290 $1,283 $1,276
TRG 10 - Mid $1,751 $1,777 $1,801 $1,826 $1,849 $1,872 $1,895 $1,917 $1,938 $1,959 $1,979 $1,999 $2,018 $2,036 $2,054 $2,071 $2,088 $2,104 $2,120 $2,135 $2,149 $2,163 $2,176 $2,189 $2,201 $2,213 $2,223 $2,234 $2,244 $2,253 $2,261 $2,269 $2,277 $2,284 $2,290
TRG 10 - Constant $1,751 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738 $1,738

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 1 - Low $33 $31 $31 $30 $29 $28 $26 $25 $24 $23 $21 $20 $18 $16 $16 $15 $15 $15 $15 $15 $15 $14 $14 $14 $14 $14 $14 $14 $14 $14 $13 $13 $13 $13 $13
TRG 1 - Mid $33 $33 $32 $32 $32 $31 $31 $31 $30 $30 $30 $29 $29 $29 $28 $28 $28 $28 $28 $27 $27 $27 $27 $27 $27 $27 $27 $27 $26 $26 $26 $26 $26 $27 $27
TRG 1 - Constant $33 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35
TRG 2 - Low $34 $32 $31 $30 $29 $28 $27 $26 $24 $23 $22 $20 $19 $17 $16 $15 $15 $15 $15 $15 $15 $15 $15 $15 $14 $14 $14 $14 $14 $14 $14 $14 $13 $13 $13
TRG 2 - Mid $34 $33 $33 $32 $32 $32 $31 $31 $31 $30 $30 $30 $29 $29 $29 $29 $28 $28 $28 $28 $28 $28 $27 $27 $27 $27 $27 $27 $27 $27 $27 $27 $27 $27 $27
TRG 2 - Constant $34 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35
TRG 3 - Low $34 $32 $32 $31 $30 $28 $27 $26 $24 $23 $22 $20 $19 $17 $16 $16 $16 $15 $15 $15 $15 $15 $15 $15 $15 $15 $15 $14 $14 $14 $14 $14 $14 $14 $14
TRG 3 - Mid $34 $34 $33 $33 $32 $32 $32 $31 $31 $31 $31 $30 $30 $30 $30 $29 $29 $29 $29 $29 $29 $29 $28 $28 $28 $28 $28 $28 $28 $28 $28 $28 $28 $28 $28
TRG 3 - Constant $34 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 $35
TRG 4 - Low $34 $32 $32 $31 $30 $29 $28 $26 $25 $23 $22 $21 $19 $17 $17 $16 $16 $16 $16 $16 $15 $15 $15 $15 $15 $15 $15 $15 $15 $15 $15 $14 $14 $14 $14
TRG 4 - Mid $34 $34 $33 $33 $33 $32 $32 $32 $32 $31 $31 $31 $31 $30 $30 $30 $30 $30 $29 $29 $29 $29 $29 $29 $29 $29 $29 $29 $29 $29 $29 $29 $29 $29 $29
TRG 4 - Constant $34 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36
TRG 5 - Low $35 $33 $33 $32 $31 $30 $28 $27 $25 $24 $22 $21 $19 $17 $17 $16 $16 $16 $16 $16 $16 $16 $16 $16 $16 $16 $16 $16 $16 $16 $15 $15 $15 $15 $15
TRG 5 - Mid $35 $34 $34 $34 $33 $33 $33 $33 $33 $32 $32 $32 $32 $32 $31 $31 $31 $31 $31 $31 $31 $31 $31 $31 $31 $30 $30 $30 $30 $30 $30 $31 $31 $31 $31
TRG 5 - Constant $35 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36
TRG 6 - Low $35 $35 $34 $34 $33 $32 $30 $29 $27 $26 $24 $22 $20 $19 $18 $18 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17 $17
TRG 6 - Mid $35 $35 $35 $35 $35 $35 $35 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34 $34
TRG 6 - Constant $35 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36
TRG 7 - Low $36 $36 $36 $36 $35 $34 $32 $31 $29 $28 $26 $24 $22 $21 $20 $20 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19
TRG 7 - Mid $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $36 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37
TRG 7 - Constant $36 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37
TRG 8 - Low $37 $37 $37 $37 $37 $36 $34 $33 $31 $30 $28 $27 $24 $23 $23 $22 $22 $22 $22 $22 $21 $21 $21 $21 $21 $21 $21 $21 $21 $21 $21 $21 $21 $21 $21
TRG 8 - Mid $37 $37 $37 $37 $37 $37 $37 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $39 $39 $39 $39 $39 $39 $39 $39 $39 $39 $39 $39 $40 $40
TRG 8 - Constant $37 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38
TRG 9 - Low $38 $39 $40 $40 $40 $39 $38 $36 $35 $33 $31 $30 $27 $26 $25 $25 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24 $24
TRG 9 - Mid $38 $38 $39 $39 $39 $40 $40 $40 $40 $41 $41 $41 $42 $42 $42 $42 $43 $43 $43 $43 $44 $44 $44 $44 $44 $45 $45 $45 $45 $45 $45 $45 $46 $46 $46
TRG 9 - Constant $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38
TRG 10 - Low $38 $40 $41 $42 $42 $43 $42 $42 $41 $40 $38 $37 $33 $32 $31 $31 $30 $30 $30 $30 $30 $30 $30 $29 $29 $29 $29 $29 $29 $29 $28 $28 $28 $28 $28
TRG 10 - Mid $38 $39 $39 $40 $40 $41 $41 $42 $42 $43 $43 $44 $44 $44 $45 $45 $46 $46 $46 $47 $47 $47 $47 $48 $48 $48 $48 $49 $49 $49 $49 $49 $50 $50 $50
TRG 10 - Constant $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 1 - Low $1,495 $1,406 $1,370 $1,330 $1,287 $1,239 $1,187 $1,133 $1,075 $1,016 $954 $890 $824 $734 $708 $678 $673 $668 $663 $657 $652 $647 $642 $637 $632 $626 $621 $616 $611 $606 $601 $595 $590 $585 $580
TRG 1 - Mid $1,495 $1,475 $1,456 $1,437 $1,419 $1,401 $1,385 $1,369 $1,353 $1,339 $1,324 $1,311 $1,298 $1,286 $1,275 $1,265 $1,255 $1,245 $1,237 $1,229 $1,222 $1,215 $1,209 $1,204 $1,200 $1,196 $1,193 $1,191 $1,189 $1,188 $1,187 $1,188 $1,189 $1,190 $1,193
TRG 1 - Constant $1,495 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561 $1,561
TRG 2 - Low $1,515 $1,427 $1,391 $1,352 $1,309 $1,260 $1,208 $1,154 $1,096 $1,035 $973 $907 $840 $750 $723 $693 $687 $682 $677 $672 $667 $661 $656 $651 $646 $641 $635 $630 $625 $620 $615 $609 $604 $599 $594
TRG 2 - Mid $1,515 $1,495 $1,476 $1,457 $1,440 $1,422 $1,406 $1,390 $1,375 $1,360 $1,347 $1,333 $1,321 $1,309 $1,298 $1,288 $1,278 $1,269 $1,260 $1,253 $1,245 $1,239 $1,233 $1,228 $1,224 $1,220 $1,217 $1,215 $1,213 $1,212 $1,212 $1,212 $1,213 $1,215 $1,217
TRG 2 - Constant $1,515 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580 $1,580
TRG 3 - Low $1,525 $1,445 $1,414 $1,378 $1,336 $1,277 $1,218 $1,157 $1,096 $1,034 $971 $907 $842 $755 $730 $702 $697 $693 $688 $684 $680 $675 $671 $666 $662 $657 $653 $649 $644 $640 $635 $631 $626 $622 $618
TRG 3 - Mid $1,525 $1,507 $1,490 $1,473 $1,457 $1,442 $1,427 $1,413 $1,399 $1,386 $1,374 $1,362 $1,351 $1,341 $1,331 $1,322 $1,313 $1,305 $1,298 $1,291 $1,285 $1,279 $1,274 $1,270 $1,266 $1,263 $1,261 $1,259 $1,258 $1,257 $1,257 $1,258 $1,259 $1,261 $1,264
TRG 3 - Constant $1,525 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587 $1,587
TRG 4 - Low $1,533 $1,457 $1,428 $1,394 $1,353 $1,294 $1,234 $1,173 $1,111 $1,048 $985 $920 $854 $767 $742 $713 $709 $705 $701 $697 $692 $688 $684 $680 $676 $672 $667 $663 $659 $655 $651 $646 $642 $638 $634
TRG 4 - Mid $1,533 $1,516 $1,500 $1,484 $1,469 $1,455 $1,441 $1,428 $1,415 $1,403 $1,391 $1,380 $1,370 $1,360 $1,351 $1,342 $1,334 $1,327 $1,320 $1,314 $1,308 $1,303 $1,298 $1,295 $1,291 $1,289 $1,287 $1,285 $1,284 $1,284 $1,284 $1,285 $1,286 $1,288 $1,291
TRG 4 - Constant $1,533 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593 $1,593
TRG 5 - Low $1,550 $1,490 $1,469 $1,440 $1,403 $1,339 $1,274 $1,208 $1,142 $1,075 $1,008 $940 $871 $779 $754 $725 $723 $721 $719 $717 $715 $713 $710 $708 $706 $704 $702 $700 $698 $696 $694 $692 $690 $688 $685
TRG 5 - Mid $1,550 $1,537 $1,524 $1,512 $1,500 $1,489 $1,479 $1,468 $1,459 $1,449 $1,441 $1,432 $1,424 $1,417 $1,410 $1,404 $1,398 $1,393 $1,388 $1,384 $1,380 $1,376 $1,373 $1,371 $1,369 $1,368 $1,367 $1,366 $1,366 $1,367 $1,368 $1,369 $1,371 $1,374 $1,376
TRG 5 - Constant $1,550 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604 $1,604
TRG 6 - Low $1,587 $1,553 $1,545 $1,526 $1,496 $1,427 $1,358 $1,288 $1,217 $1,146 $1,074 $1,002 $884 $847 $816 $792 $775 $775 $775 $775 $775 $775 $775 $776 $776 $776 $776 $776 $776 $776 $777 $777 $777 $777 $777
TRG 6 - Mid $1,587 $1,580 $1,573 $1,567 $1,561 $1,556 $1,550 $1,545 $1,541 $1,536 $1,532 $1,528 $1,525 $1,522 $1,519 $1,516 $1,514 $1,512 $1,511 $1,510 $1,509 $1,508 $1,508 $1,508 $1,508 $1,509 $1,510 $1,511 $1,512 $1,514 $1,517 $1,519 $1,522 $1,525 $1,528
TRG 6 - Constant $1,587 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630 $1,630
TRG 7 - Low $1,632 $1,618 $1,623 $1,613 $1,591 $1,523 $1,454 $1,384 $1,313 $1,241 $1,168 $1,094 $972 $933 $901 $878 $862 $862 $862 $863 $863 $863 $864 $864 $864 $864 $865 $865 $865 $866 $866 $866 $866 $867 $867
TRG 7 - Mid $1,632 $1,631 $1,630 $1,629 $1,628 $1,628 $1,627 $1,627 $1,627 $1,627 $1,627 $1,627 $1,628 $1,628 $1,629 $1,630 $1,631 $1,632 $1,634 $1,635 $1,637 $1,639 $1,641 $1,643 $1,646 $1,648 $1,651 $1,654 $1,657 $1,660 $1,663 $1,667 $1,670 $1,674 $1,678
TRG 7 - Constant $1,632 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665 $1,665
TRG 8 - Low $1,668 $1,662 $1,674 $1,672 $1,658 $1,599 $1,538 $1,475 $1,410 $1,343 $1,273 $1,202 $1,082 $1,043 $1,012 $990 $975 $972 $970 $967 $964 $962 $959 $956 $954 $951 $948 $946 $943 $940 $938 $935 $932 $930 $927
TRG 8 - Mid $1,668 $1,670 $1,672 $1,675 $1,677 $1,680 $1,682 $1,685 $1,687 $1,690 $1,693 $1,696 $1,699 $1,702 $1,705 $1,708 $1,711 $1,714 $1,717 $1,721 $1,724 $1,728 $1,731 $1,735 $1,738 $1,742 $1,746 $1,749 $1,753 $1,757 $1,761 $1,765 $1,769 $1,774 $1,778
TRG 8 - Constant $1,668 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695 $1,695
TRG 9 - Low $1,697 $1,744 $1,785 $1,806 $1,809 $1,748 $1,684 $1,618 $1,550 $1,479 $1,406 $1,330 $1,201 $1,160 $1,129 $1,108 $1,096 $1,096 $1,096 $1,096 $1,096 $1,096 $1,096 $1,097 $1,097 $1,097 $1,097 $1,097 $1,097 $1,097 $1,097 $1,097 $1,097 $1,097 $1,097
TRG 9 - Mid $1,697 $1,713 $1,728 $1,743 $1,758 $1,773 $1,787 $1,801 $1,814 $1,828 $1,841 $1,853 $1,866 $1,878 $1,889 $1,901 $1,912 $1,923 $1,933 $1,943 $1,953 $1,962 $1,972 $1,980 $1,989 $1,997 $2,005 $2,013 $2,020 $2,027 $2,034 $2,040 $2,046 $2,052 $2,057
TRG 9 - Constant $1,697 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701
TRG 10 - Low $1,713 $1,781 $1,841 $1,883 $1,907 $1,911 $1,900 $1,873 $1,833 $1,780 $1,714 $1,638 $1,491 $1,442 $1,404 $1,379 $1,365 $1,359 $1,352 $1,346 $1,339 $1,333 $1,326 $1,320 $1,313 $1,307 $1,300 $1,294 $1,287 $1,281 $1,275 $1,268 $1,262 $1,255 $1,249
TRG 10 - Mid $1,713 $1,738 $1,762 $1,786 $1,809 $1,832 $1,854 $1,875 $1,896 $1,916 $1,936 $1,955 $1,974 $1,992 $2,009 $2,026 $2,043 $2,058 $2,074 $2,088 $2,102 $2,116 $2,129 $2,141 $2,153 $2,164 $2,175 $2,185 $2,195 $2,204 $2,212 $2,220 $2,227 $2,234 $2,240
TRG 10 - Constant $1,713 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701 $1,701
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U-20471 - August 21, 2019 
Direct Testimony of A. Allison 

Exhibit: MEC-25; Source: NREL 2018 ATB "Land-Based Wind" tab 
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

TRG 1 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 1 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 1 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 2 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 2 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 2 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 3 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 3 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 3 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 4 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 4 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 4 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 5 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 5 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 5 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 6 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 6 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 6 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 7 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 7 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 7 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 8 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 8 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 8 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 9 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 9 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 9 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52
TRG 10 - Low $51 $50 $49 $49 $48 $47 $47 $46 $45 $44 $44 $43 $42 $41 $41 $40 $40 $40 $39 $39 $38 $38 $38 $37 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33
TRG 10 - Mid $51 $51 $51 $50 $50 $49 $49 $49 $48 $48 $48 $47 $47 $47 $46 $46 $45 $45 $45 $44 $44 $44 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $39 $39
TRG 10 - Constant $51 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52 $52

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 1 - Low $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 $0 $0 $0
TRG 1 - Mid $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 $0 $0 $0
TRG 1 - Constant $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 $0 $0 $0
TRG 2 - Low $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 $0 $0 $0
TRG 2 - Mid $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 $0 $0 $0
TRG 2 - Constant $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 $0 $0 $0
TRG 3 - Low $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 $0 $0 $0
TRG 3 - Mid $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 $0 $0 $0
TRG 3 - Constant $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 $0 $0 $0
TRG 4 - Low $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 $0 $0 $0
TRG 4 - Mid $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 $0 $0 $0
TRG 4 - Constant $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 $0 $0 $0
TRG 5 - Low $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 $0 $0 $0
TRG 5 - Mid $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 $0 $0 $0
TRG 5 - Constant $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 $0 $0 $0
TRG 6 - Low $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 $0 $0 $0
TRG 6 - Mid $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 $0 $0 $0
TRG 6 - Constant $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 $0 $0 $0
TRG 7 - Low $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 $0 $0 $0
TRG 7 - Mid $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 $0 $0 $0
TRG 7 - Constant $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 $0 $0 $0
TRG 8 - Low $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 $0 $0 $0
TRG 8 - Mid $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 $0 $0 $0
TRG 8 - Constant $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 $0 $0 $0
TRG 9 - Low $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 $0 $0 $0
TRG 9 - Mid $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 $0 $0 $0
TRG 9 - Constant $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 $0 $0 $0
TRG 10 - Low $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 $0 $0 $0
TRG 10 - Mid $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 $0 $0 $0
TRG 10 - Constant $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 $0 $0 $0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Inflation Rate 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5%
Interest Rate Nominal - Low 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7%
Interest Rate Nominal - Mid 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7%
Interest Rate Nominal - Constant 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7%
Calculated Interest Rate Real - Low 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
Calculated Interest Rate Real - Mid 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
Calculated Interest Rate Real - Constant 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
Interest During Construction  - Nominal 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7%
Rate of Return on Equity Nominal - Low 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0%
Rate of Return on Equity Nominal - Mid 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0%
Rate of Return on Equity Nominal - Constant 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0%
Calculated Rate of Return on Equity Real - Low 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4%
Calculated Rate of Return on Equity Real - Mid 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4%
Calculated Rate of Return on Equity Real - Constan 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4%
Debt Fraction - Low 60.0% 60.7% 61.4% 62.1% 62.9% 63.6% 64.3% 65.0% 65.7% 66.4% 67.1% 67.9% 68.6% 69.3% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0%
Debt Fraction - Mid 60.0% 60.4% 60.7% 61.1% 61.4% 61.8% 62.1% 62.5% 62.9% 63.2% 63.6% 63.9% 64.3% 64.6% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0%
Debt Fraction - Constant 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0%
Tax Rate (Federal and State) 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7%
WACC Nominal - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
WACC Nominal - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
WACC Nominal - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
WACC Real - Low 2.7% 2.7% 2.6% 2.6% 2.5% 2.5% 2.4% 2.4% 2.4% 2.3% 2.3% 2.2% 2.2% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1%
WACC Real - Mid 2.7% 2.7% 2.7% 2.6% 2.6% 2.6% 2.6% 2.6% 2.5% 2.5% 2.5% 2.5% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4%
WACC Real - Constant 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7%
Capital Recovery Factor (CRF) Nominal - Low 6.7% 6.7% 6.6% 6.6% 6.6% 6.5% 6.5% 6.5% 6.4% 6.4% 6.4% 6.3% 6.3% 6.3% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2%
Capital Recovery Factor (CRF) Nominal - Mid 6.7% 6.7% 6.7% 6.7% 6.6% 6.6% 6.6% 6.6% 6.6% 6.6% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5%
Capital Recovery Factor (CRF) Nominal - Constant 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7%
Capital Recovery Factor (CRF) Real - Low 4.9% 4.9% 4.9% 4.8% 4.8% 4.8% 4.7% 4.7% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5%
Capital Recovery Factor (CRF) Real - Mid 4.9% 4.9% 4.9% 4.9% 4.9% 4.8% 4.8% 4.8% 4.8% 4.8% 4.8% 4.8% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7%
Capital Recovery Factor (CRF) Real - Constant 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9%

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 1 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 1 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 1 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 2 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 2 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 2 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 3 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 3 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 3 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 4 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 4 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 4 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 5 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 5 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 5 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 6 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 6 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 6 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 7 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 7 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 7 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 8 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 8 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 8 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 9 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 9 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 9 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
TRG 10 - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
TRG 10 - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
TRG 10 - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%

Assumptions

Fi
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e

Weighted Average 
Cost of Capital 

(WACC) (Nominal) 
(%)

Fixed Operation 
and Maintenance 

Expenses 
($/kW-year)

Variable Operation 
and Maintenance 

Expenses ($/MWh)

?

???

??????

U-20471 - August 21, 2019 
Direct Testimony of A. Allison 

Exhibit: MEC-25; Source: NREL 2018 ATB "Land-Based Wind" tab 
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

TRG 1 - Low $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 $0 $0 $0
TRG 1 - Mid $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 $0 $0 $0
TRG 1 - Constant $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 $0 $0 $0
TRG 2 - Low $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 $0 $0 $0
TRG 2 - Mid $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 $0 $0 $0
TRG 2 - Constant $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 $0 $0 $0
TRG 3 - Low $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 $0 $0 $0
TRG 3 - Mid $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 $0 $0 $0
TRG 3 - Constant $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 $0 $0 $0
TRG 4 - Low $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 $0 $0 $0
TRG 4 - Mid $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 $0 $0 $0
TRG 4 - Constant $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 $0 $0 $0
TRG 5 - Low $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 $0 $0 $0
TRG 5 - Mid $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 $0 $0 $0
TRG 5 - Constant $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 $0 $0 $0
TRG 6 - Low $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 $0 $0 $0
TRG 6 - Mid $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 $0 $0 $0
TRG 6 - Constant $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 $0 $0 $0
TRG 7 - Low $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 $0 $0 $0
TRG 7 - Mid $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 $0 $0 $0
TRG 7 - Constant $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 $0 $0 $0
TRG 8 - Low $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 $0 $0 $0
TRG 8 - Mid $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 $0 $0 $0
TRG 8 - Constant $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 $0 $0 $0
TRG 9 - Low $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 $0 $0 $0
TRG 9 - Mid $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 $0 $0 $0
TRG 9 - Constant $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 $0 $0 $0
TRG 10 - Low $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 $0 $0 $0
TRG 10 - Mid $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 $0 $0 $0
TRG 10 - Constant $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 $0 $0 $0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 1 - Low $37 $34 $33 $32 $31 $30 $28 $27 $26 $24 $23 $22 $20 $19 $18 $18 $17 $17 $17 $17 $16 $16 $16 $16 $16 $15 $15 $15 $15 $15 $15 $14 $14 $14 $14
TRG 1 - Mid $37 $36 $36 $35 $34 $34 $33 $33 $32 $32 $31 $31 $30 $30 $29 $29 $29 $28 $28 $28 $27 $27 $27 $27 $26 $26 $26 $26 $26 $25 $25 $25 $25 $25 $25
TRG 1 - Constant $37 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38
TRG 2 - Low $38 $36 $34 $33 $32 $30 $29 $28 $26 $25 $24 $22 $21 $19 $19 $18 $18 $18 $17 $17 $17 $17 $16 $16 $16 $16 $16 $16 $15 $15 $15 $15 $15 $15 $14
TRG 2 - Mid $38 $37 $37 $36 $35 $35 $34 $34 $33 $33 $32 $32 $31 $31 $30 $30 $30 $29 $29 $29 $28 $28 $28 $27 $27 $27 $27 $27 $26 $26 $26 $26 $26 $26 $26
TRG 2 - Constant $38 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40
TRG 3 - Low $39 $37 $35 $34 $33 $31 $30 $28 $27 $25 $24 $23 $21 $20 $19 $18 $18 $18 $18 $17 $17 $17 $17 $16 $16 $16 $16 $16 $16 $15 $15 $15 $15 $15 $15
TRG 3 - Mid $39 $39 $38 $37 $37 $36 $35 $35 $34 $34 $33 $33 $32 $32 $31 $31 $30 $30 $30 $29 $29 $29 $29 $28 $28 $28 $28 $27 $27 $27 $27 $27 $27 $26 $26
TRG 3 - Constant $39 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41 $41
TRG 4 - Low $41 $38 $37 $35 $34 $32 $31 $29 $28 $26 $25 $23 $22 $20 $19 $19 $19 $18 $18 $18 $18 $17 $17 $17 $17 $17 $16 $16 $16 $16 $16 $16 $15 $15 $15
TRG 4 - Mid $41 $40 $39 $39 $38 $37 $37 $36 $35 $35 $34 $34 $33 $33 $32 $32 $31 $31 $31 $30 $30 $30 $30 $29 $29 $29 $29 $28 $28 $28 $28 $28 $28 $27 $27
TRG 4 - Constant $41 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42 $42
TRG 5 - Low $44 $41 $40 $38 $37 $35 $33 $31 $29 $28 $26 $24 $23 $21 $20 $19 $19 $19 $19 $18 $18 $18 $18 $18 $17 $17 $17 $17 $17 $17 $16 $16 $16 $16 $16
TRG 5 - Mid $44 $43 $42 $41 $41 $40 $39 $39 $38 $37 $37 $36 $36 $35 $35 $34 $34 $33 $33 $33 $32 $32 $32 $31 $31 $31 $31 $30 $30 $30 $30 $30 $30 $29 $29
TRG 5 - Constant $44 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45
TRG 6 - Low $50 $47 $45 $43 $41 $39 $37 $35 $32 $30 $29 $27 $24 $23 $22 $21 $21 $21 $20 $20 $20 $20 $19 $19 $19 $19 $19 $18 $18 $18 $18 $18 $18 $18 $18
TRG 6 - Mid $50 $49 $48 $47 $46 $45 $44 $44 $43 $42 $42 $41 $40 $40 $39 $39 $38 $38 $37 $37 $37 $36 $36 $36 $35 $35 $35 $34 $34 $34 $34 $34 $33 $33 $33
TRG 6 - Constant $50 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51 $51
TRG 7 - Low $60 $56 $54 $52 $50 $47 $44 $41 $39 $36 $34 $32 $29 $27 $26 $25 $25 $24 $24 $24 $23 $23 $23 $22 $22 $22 $22 $22 $21 $21 $21 $21 $21 $21 $21
TRG 7 - Mid $60 $58 $57 $56 $55 $54 $53 $52 $51 $50 $50 $49 $48 $48 $47 $46 $46 $45 $45 $44 $44 $43 $43 $43 $42 $42 $42 $41 $41 $41 $40 $40 $40 $40 $40
TRG 7 - Constant $60 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62 $62
TRG 8 - Low $76 $71 $69 $66 $63 $60 $56 $53 $50 $47 $44 $41 $37 $36 $34 $33 $32 $32 $31 $31 $30 $30 $29 $29 $28 $28 $28 $28 $27 $27 $27 $27 $26 $26 $26
TRG 8 - Mid $76 $74 $73 $71 $70 $69 $67 $66 $65 $64 $63 $62 $61 $60 $59 $59 $58 $57 $57 $56 $56 $55 $55 $54 $54 $53 $53 $52 $52 $52 $51 $51 $51 $50 $50
TRG 8 - Constant $76 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78 $78
TRG 9 - Low $102 $96 $93 $90 $86 $80 $75 $70 $66 $61 $57 $54 $49 $46 $44 $43 $41 $41 $40 $39 $39 $38 $38 $37 $37 $36 $36 $35 $35 $35 $35 $34 $34 $34 $34
TRG 9 - Mid $102 $100 $98 $96 $94 $92 $91 $89 $88 $86 $85 $84 $82 $81 $80 $79 $78 $77 $77 $76 $75 $74 $74 $73 $72 $72 $71 $71 $70 $70 $69 $69 $68 $68 $67
TRG 9 - Constant $102 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106 $106
TRG 10 - Low $169 $158 $153 $147 $141 $135 $129 $122 $116 $109 $102 $96 $87 $82 $78 $76 $73 $72 $70 $69 $67 $66 $65 $64 $63 $62 $61 $60 $59 $59 $58 $57 $57 $56 $56
TRG 10 - Mid $169 $165 $161 $158 $155 $152 $149 $146 $144 $142 $139 $137 $135 $133 $132 $130 $129 $127 $126 $125 $123 $122 $121 $120 $119 $118 $117 $116 $115 $114 $114 $113 $112 $111 $111
TRG 10 - Constant $169 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173 $173

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
10 year CRF - Low 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61%

10 year CRF - Mid 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61%

10 year CRF - Constant 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61%

Schedule 100.00% 100.00% 100.00% 100.00% 80.00% 60.00% 40.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
PTC - Low -$              -$              -$              -$              -$                 -$              -$              -$              -$              -$              -$              -$              -$          -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              
PTC - Mid -$              -$              -$              -$              -$                 -$              -$              -$              -$              -$              -$              -$              -$          -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              
PTC - Constant -$              -$              -$              -$              -$                 -$              -$              -$              -$              -$              -$              -$              -$          -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              
PVD - Low 0.868 0.869 0.870 0.871 0.872 0.873 0.874 0.875 0.876 0.877 0.879 0.880 0.881 0.882 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883
PVD - Mid 0.868 0.869 0.869 0.870 0.870 0.871 0.871 0.872 0.872 0.873 0.873 0.874 0.874 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875
PVD - Constant 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868
PFF - Low 1.046 1.045 1.045 1.045 1.044 1.044 1.044 1.043 1.043 1.042 1.042 1.042 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041
PFF - Mid 1.046 1.045 1.045 1.045 1.045 1.045 1.045 1.044 1.044 1.044 1.044 1.044 1.044 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043
PFF - Constant 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046

MACRS Year (Low) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
0.2 1 0.9499 0.9503 0.9507 0.9511 0.9515 0.9519 0.9523 0.9527 0.9531 0.9535 0.9540 0.9544 0.9548 0.9552 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556

0.32 2 0.9023 0.9031 0.9039 0.9046 0.9054 0.9062 0.9069 0.9077 0.9085 0.9093 0.9100 0.9108 0.9116 0.9124 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131
0.192 3 0.8571 0.8582 0.8593 0.8604 0.8615 0.8626 0.8637 0.8648 0.8659 0.8670 0.8681 0.8692 0.8704 0.8715 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726

0.1152 4 0.8142 0.8156 0.8169 0.8183 0.8197 0.8211 0.8225 0.8239 0.8253 0.8267 0.8282 0.8296 0.8310 0.8324 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338
0.1152 5 0.7734 0.7750 0.7767 0.7783 0.7800 0.7816 0.7833 0.7850 0.7867 0.7883 0.7900 0.7917 0.7934 0.7951 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968
0.0576 6 0.7346 0.7365 0.7384 0.7403 0.7422 0.7441 0.7460 0.7479 0.7498 0.7517 0.7536 0.7556 0.7575 0.7595 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614

Year (Mid) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1 0.9499 0.9501 0.9503 0.9505 0.9507 0.9509 0.9511 0.9513 0.9515 0.9517 0.9519 0.9521 0.9523 0.9525 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527
2 0.9023 0.9027 0.9031 0.9035 0.9039 0.9042 0.9046 0.9050 0.9054 0.9058 0.9062 0.9065 0.9069 0.9073 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077
3 0.8571 0.8577 0.8582 0.8588 0.8593 0.8598 0.8604 0.8609 0.8615 0.8620 0.8626 0.8631 0.8637 0.8643 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648
4 0.8142 0.8149 0.8156 0.8163 0.8169 0.8176 0.8183 0.8190 0.8197 0.8204 0.8211 0.8218 0.8225 0.8232 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239
5 0.7734 0.7742 0.7750 0.7759 0.7767 0.7775 0.7783 0.7792 0.7800 0.7808 0.7816 0.7825 0.7833 0.7841 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850
6 0.7346 0.7356 0.7365 0.7375 0.7384 0.7393 0.7403 0.7412 0.7422 0.7431 0.7441 0.7450 0.7460 0.7469 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479

Year (Constant) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499
2 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023
3 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571
4 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142
5 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734
6 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471
MECNRDCSC 
MECNRDCSCDE-6.4a ] 
T. L. Schroder
1 of 1 

Question: Refer to Direct Testimony of Terri Schroeder, page 19. 

a. Describe how DTE determined that NREL’s techno-resource group 7 best
represents the future wind resources available to it.

Answer: DTE Electric used NREL’s Michigan – Annual Wind Speed map below to 
determine which TRG was most appropriate. NREL provides these maps 
illustrating wind speeds throughout each state.  The wind speed range and 
average wind speed correlate to the TRGs NREL uses in the Annual 
Technology Baseline (ATB). 

Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-6.4b ] 
T. L. Schroeder  
1 of 1  
 

 
Question: Refer to Direct Testimony of Terri Schroeder, page 19. 
 

b. Provide all workpapers underlying DTE’s determination that NREL’s 
techno- resource group 7 best represents the future wind resources 
available to it. 

 
 
Answer: As sourced from NREL’s map in MECNRDCSCDE-6.4b, Michigan’s 

average wind speed is in the range from below 5.5 m/s to approximately 7.0 
m/s, which aligned with 2018 NREL ATB TRG7 based on the table below. 

 
 
 
Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-6.4c ] 
T. L. Schroeder  
1 of 1  
 

 
Question: Refer to Direct Testimony of Terri Schroeder, page 19. 
 

c. Which techno-resource group does DTE believe best represents the best 
available wind resources in Michigan’s Thumb region? Explain why. 

 
 
Answer: DTE Electric did not consider TRGs by region within the state, and DTE 

Electric is not currently forecasting significant new wind development in the 
Thumb region. However, the Thumb region wind speed is within the range 
of TRG 7 and TRG 6. 

 
 
 
Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-6.4d ] 
T. L. Schroeder  
1 of 1  
 

 
Question: Refer to Direct Testimony of Terri Schroeder, page 19. 
 

d. Which techno-resource group does DTE believe best represents the best 
available wind resources in the MISO region? Explain why. 

 
 
Answer: DTE did not examine TRGs outside of Michigan. 
 
 
 
Attachments: N/A 
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Introduction 

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Lazard’s Levelized Cost of Energy (“LCOE”) analysis addresses the following topics:

 Comparative “levelized cost of energy” analysis for various technologies on a $/MWh basis, including sensitivities, as relevant, for U.S. federal tax 
subsidies, fuel costs, geography and cost of capital, among other factors

 Comparison of the implied cost of carbon abatement for various generation technologies

 Illustration of how the cost of various generation technologies compares against illustrative generation rates in a subset of the largest metropolitan 
areas of the U.S.

 Illustration of utility-scale and rooftop solar versus peaking generation technologies globally

 Illustration of how the costs of utility-scale and rooftop solar and wind vary across the U.S., based on illustrative regional resources

 Illustration of the declines in the levelized cost of energy for various generation technologies over the past several years

 Comparison of assumed capital costs on a $/kW basis for various generation technologies

 Illustration of the impact of cost of capital on the levelized cost of energy for selected generation technologies

 Decomposition of the levelized cost of energy for various generation technologies by capital cost, fixed operations and maintenance expense, 
variable operations and maintenance expense, and fuel cost, as relevant

 Considerations regarding the usage characteristics and applicability of various generation technologies, taking into account factors such as 
location requirements/constraints, dispatch capability, land and water requirements and other contingencies

 Summary assumptions for the various generation technologies examined

 Summary of Lazard’s approach to comparing the levelized cost of energy for various conventional and Alternative Energy generation technologies
Other factors would also have a potentially significant effect on the results contained herein, but have not been examined in the scope of this 

current analysis. These additional factors, among others, could include: capacity value vs. energy value; stranded costs related to distributed 

generation or otherwise; network upgrade, transmission or congestion costs or other integration-related costs; significant permitting or other 

development costs, unless otherwise noted; and costs of complying with various environmental regulations (e.g., carbon emissions offsets, 

emissions control systems). The analysis also does not address potential social and environmental externalities, including, for example, the 

social costs and rate consequences for those who cannot afford distribution generation solutions, as well as the long-term residual and 

societal consequences of various conventional generation technologies that are difficult to measure (e.g., nuclear waste disposal, 

environmental impacts, etc.). Lazard’s LCOE aims to identify quantifiable, non-debatable costs. While prior versions of this study have 

presented the LCOE inclusive of the U.S. Federal Investment Tax Credit and Production Tax Credit, Versions 6.0 – 11.0 present the LCOE on an 

unsubsidized basis, except as noted on the page titled “Levelized Cost of Energy—Sensitivity to U.S. Federal Tax Subsidies”

Note: This study has been prepared by Lazard for general informational purposes only, and it is not intended to be, and should not be construed as, financial or other advice. 1
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Alternative Energy (1)
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(10)

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under some scenarios; 

such observation does not take into account potential social and environmental externalities (e.g., social costs of distributed generation, 

environmental consequences of certain conventional generation technologies, etc.), reliability or intermittency-related considerations (e.g., 

transmission and back-up generation costs associated with certain Alternative Energy technologies)

Source: Lazard estimates.

Note: Here and throughout this presentation, unless otherwise indicated, analysis assumes 60% debt at 8% interest rate and 40% equity at 12% cost for conventional and Alternative 
Energy generation technologies. Reflects global, illustrative costs of capital, which may be significantly higher than OECD country costs of capital. See “Unsubsidized Levelized
Cost of Energy—Cost of Capital Comparison” page for additional details on cost of capital. Analysis does not reflect potential impact of recent draft rule to regulate carbon 
emissions under Section 111(d). See Appendix for fuel costs for each technology. See following page for footnotes.

‡ Denotes distributed generation technology.

Unsubsidized Levelized Cost of  Energy Comparison 

2
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Unsubsidized Levelized Cost of  Energy Comparison (cont’d)

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

(1) Analysis excludes integration (e.g., grid and conventional generation investment to overcome system intermittency) costs for intermittent technologies.

(2) Low end represents single-axis tracking system. High end represents fixed-tilt design. Assumes 30 MW system in a high insolation jurisdiction (e.g., 
Southwest U.S.). Does not account for differences in heat coefficients within technologies, balance-of-system costs or other potential factors which may differ 
across select solar technologies or more specific geographies.

(3) Low and high end represent a concentrating solar tower with 10-hour storage capability. Low end represents an illustrative concentrating solar tower built in 
South Australia. 

(4) Illustrative “PV Plus Storage” unit. PV and battery system (and related bi-directional inverter, power control electronics, etc.) sized to compare with solar 
thermal with 10-hour storage on capacity factor basis (52%). Assumes storage nameplate “usable energy” capacity of ~400 MWhdc, storage power rating of 
110 MWac and ~200 MWac PV system. Implied output degradation of ~0.40%/year (assumes PV degradation of 0.5%/year and battery energy degradation 
of 1.5%/year, which includes calendar and cycling degradation). Battery round trip DC efficiency of 90% (including auxiliary losses). Storage opex of 
~$8/kWh-year and PV O&M expense of ~$9.2/kW DC-year, with 20% discount applied to total opex as a result of synergies (e.g., fewer truck rolls, single 
team, etc.). Total capital costs of ~$3,456/kW include PV plus battery energy storage system and selected other development costs. Assumes 20-year useful 
life, although in practice the unit may perform longer. Illustrative system located in Southwest U.S. 

(5) Diamond represents an illustrative solar thermal facility without storage capability.

(6) Represents estimated implied midpoint of levelized cost of energy for offshore wind, assuming a capital cost range of $2.36 – $4.50 per watt.

(7) Represents distributed diesel generator with reciprocating engine. Low end represents 95% capacity factor (i.e., baseload generation in poor grid quality 
geographies or remote locations). High end represents 10% capacity factor (i.e., to overcome periodic blackouts). Assumes replacement capital cost of 65% 
of initial total capital cost every 25,000 operating hours.

(8) Represents distributed natural gas generator with reciprocating engine. Low end represents 95% capacity factor (i.e., baseload generation in poor grid quality 
geographies or remote locations). High end represents 30% capacity factor (i.e., to overcome periodic blackouts). Assumes replacement capital cost of 65% 
of initial total capital cost every 60,000 operating hours.

(9) Does not include cost of transportation and storage. Low and high end depicts an illustrative recent IGCC facility located in the U.S.  

(10) Does not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies. Low and high end depicts an illustrative 
nuclear plant using the AP1000 design. 

(11) Reflects average of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. High end incorporates 90% carbon capture and 
compression. Does not include cost of transportation and storage.

3
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Source: Lazard estimates.

(1) Unless otherwise noted, the subsidized analysis assumes projects placed into service in time to qualify for full PTC/ITC. Assumes 30% debt at 8.0% interest rate, 50% tax equity 
at 10.0% cost and 20% common equity at 12.0% cost, unless otherwise noted.

(2) Low end represents a single-axis tracking system. High end represents a fixed-tilt design. Assumes 30 MW installation in high insolation jurisdiction (e.g., Southwest U.S.).
(3) Low and high end represent a concentrating solar tower with 10-hour storage capability. Low end represents an illustrative concentrating solar tower built in South Australia. 
(4) The ITC for fuel cell technologies is capped at $1,500/0.5 kW of capacity.
(5) Reflects no ITC. Reflects 80% of $23/MWh PTC, escalated at ~1.5% annually for a term of 10 years. 
(6) Reflects no ITC. Reflects 80% of $23/MWh PTC, escalated at ~1.5% annually for a term of 10 years. Due to high capacity factor and, relatedly, high PTC investor appetite,

assumes 15% debt at 8.0% interest rate, 70% tax equity at 10.0% cost and 15% common equity at 12.0% cost.

Unsubsidized

Levelized Cost of  Energy—Sensitivity to U.S. Federal Tax Subsidies(1)

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Given the extension of the Investment Tax Credit (“ITC”) and Production Tax Credit (“PTC”) in December 2015 and resulting subsidy visibility, 

U.S. federal tax subsidies remain an important component of the economics of Alternative Energy generation technologies (and government 

incentives are, generally, currently important in all regions)

Levelized Cost ($/MWh)

(2)

(2)

(3)

(4)

(5)

(6)

(6)

Subsidized

4
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Levelized Cost of  Energy Comparison—Sensitivity to Fuel Prices 

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Variations in fuel prices can materially affect the levelized cost of energy for conventional generation technologies, but direct comparisons 

against “competing” Alternative Energy generation technologies must take into account issues such as dispatch characteristics (e.g., 

baseload and/or dispatchable intermediate load vs. peaking or intermittent technologies)

Source: Lazard estimates.

Note: Darkened areas in horizontal bars represent low end and high end levelized cost of energy corresponding with ±25% fuel price fluctuations.
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Cost of  Carbon Abatement Comparison

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

As policymakers consider the best and most cost-effective ways to limit carbon emissions, they should consider the implicit costs of carbon 

abatement of various Alternative Energy generation technologies; an analysis of such implicit costs suggests that policies designed to 

promote wind and utility-scale solar development could be a particularly cost-effective way of limiting carbon emissions; rooftop solar and 

solar thermal remain expensive, by comparison

 Such observation does not take into account potential social and environmental externalities or reliability or grid-related 
considerations

Source: Lazard estimates.

Note: Unsubsidized figures. Assumes 2017 dollars, 20 – 40 year economic life, 40% tax rate and 5 – 40 year tax life. 
Assumes 2.25% annual escalation for O&M costs and fuel prices. Inputs for each of the various technologies 
are those associated with the low end levelized cost of energy. LCOE figures calculated on a 20-year basis.

(1) Includes capitalized financing costs during construction for generation types with over 24 months construction 
time.

(2) Reflects average of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. Does not 
incorporate carbon capture and compression.

(3) Represents crystalline utility-scale solar with single-axis tracking.
(4) Low and high end represent a concentrating solar tower with 10-hour storage capability. Low end represents 

an illustrative concentrating solar tower built in South Australia.
(5) All facilities illustratively sized to produce 4,888 GWh/yr.

Conventional Generation Alternative Energy Resources

Illustrative Implied Carbon Abatement Cost Calculation:

Difference in Total Energy Cost vs. Coal =        –
= $226 mm/yr (solar) – $296 mm/yr (coal) = ($69) mm/yr

Implied Abatement Cost vs. Coal =       ÷
= ($69) mm/yr ÷ 4.51 mm Tons/yr = ($15)/Ton

1

4

5

2

3

4 1 2

45 3

(2) (4)(3)
Gas Combined   Solar PV Solar PV Solar Thermal

Units   Coal    Cycle   Nuclear   Wind   Rooftop   Utility Scale   with Storage

Capital Investment/KW of Capacity (1) $/kW   $3,000   $686   $6,500   $1,200   $3,100   $1,375   $3,825
Total Capital Investment $mm $1,800 $480 $4,030 $1,212 $9,889 $2,558 $5,011
Facility Output MW   600   700   620   1010   3190   1860   1310
Capacity Factor %   93%   80%   90%   55%   18%   30%   43%
Effective Facility Output MW 558 558 558 558 558 558 558
MWh/Year Produced (5) GWh/yr   4,888   4,888   4,888   4,888   4,888   4,888   4,888
Levelized Cost of Energy $/MWh   $60     $112   $30   $187   $46   $98
Total Cost of Energy Produced $mm/yr   $296   $203   $546   $147   $914   $226   $480

CO2 Equivalent Emissions Tons/MWh 0.92 –– –– –– –– ––
Carbon Emitted mm Tons/yr   4.51   2.50   ––   ––   ––   ––   ––
Difference in Carbon Emissions mm Tons/yr   

 vs. Coal ––   2.01   4.51   4.51   4.51   4.51   4.51
 vs. Gas –– –– 2.50 2.50 2.50 2.50 2.50

Difference in Total Energy Cost $mm/yr   
 vs. Coal ––   ($92)   $250   ($148)   $619   ($69)   $185
 vs. Gas –– –– $342 ($56) $711 $23 $277

Implied Abatement Cost/(Saving) $/Ton   
 vs. Coal ––   ($46)   $55   ($33)   $137   ($15)   $41
 vs. Gas –– –– $137 ($22) $284 $9 $111

0.51

$42

6
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Generation Rates for Selected Large U.S. Metropolitan Areas(1)

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Setting aside the legislatively mandated demand for solar and other Alternative Energy resources, utility-scale solar is becoming a more 

economically viable peaking energy product in many key, high population areas of the U.S. and, as pricing declines, could become

economically competitive across a broader array of geographies

 Such observation does not take into account potential social and environmental externalities or reliability-related considerations

$62 $59 $70 $75
$94

$73

0

20

40

60

80

100

120

140

160

180

200

220

240

$260

Los
Angeles

Chicago Philadelphia D.C. Boston Illustrative U.S.
Generation-Only

Charge
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Metropolitan 
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Crystalline Utility-Scale
Solar(2) $50

Gas Peaker $183

Community Solar $113

CCGT $60

Rooftop Residential 
Solar $253

Source: EEI, Lazard estimates.

Note: Actual delivered generation prices may be higher, reflecting historical composition of resource portfolio. All technologies represent an average of the high and low levelized cost 
of energy values unless otherwise noted. Represents average retail rate for generation-only utility charges per EEI for 12 months ended December 31, 2016.

(1) Includes only those cities among top ten in population (per U.S. census) for which generation-only average $/kWh figures are available.
(2) Represents crystalline utility-scale solar with single-axis tracking design. Excludes Investment Tax Credit.
(3) Represents thin film utility-scale solar with single-axis tracking design. Excludes Investment Tax Credit.

Thin Film Utility-Scale
Solar(3) $46
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Solar versus Peaking Capacity—Global Markets

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Solar PV can be an attractive resource relative to gas and diesel-fired peaking in many parts of the world due to high fuel costs; without 

storage, however, solar lacks the dispatch characteristics of conventional peaking technologies

Source: World Bank, IHS Waterborne LNG and Lazard estimates.

(1) Low end assumes crystalline utility-scale solar with a fixed-tilt design. High end assumes rooftop C&I solar. Solar projects assume illustrative capacity factors of 26% – 30% for Australia, 
26% – 28% for Brazil, 22% – 23% for India, 27% – 29% for South Africa, 16% – 18% for Japan and 13% – 16% for Northern Europe. Equity IRRs of 12% are assumed for Australia, 
Japan and Northern Europe and 18% for Brazil, India and South Africa; assumes cost of debt of 8% for Australia, Japan and Northern Europe, 14.5% for Brazil, 13% for India and 11.5% 
for South Africa.

(2) Assumes natural gas prices of $4.00 for Australia, $8.00 for Brazil, $7.00 for India, $7.00 for South Africa, $7.00 for Japan and $6.00 for Northern Europe (all in U.S. $ per MMBtu). 
Assumes a capacity factor of 10%. 

(3) Diesel assumes high end capacity factor of 10% representing intermittent utilization and low end capacity factor of 95% representing baseload utilization, O&M cost of $30 per kW/year, 
heat rate of 9,500 – 10,000 Btu/kWh and total capital costs of $500 to $800 per kW of capacity. Assumes diesel prices of $3.60 for Australia, $2.90 for Brazil, $3.00 for India, $3.20 for 
South Africa, $3.50 for Japan and $4.80 for Northern Europe (all in U.S. $ per gallon).

Levelized Cost ($/MWh)
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Diesel 
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Solar(1), (3)

Diesel Fuel Cost
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Wind and Solar Resource—Regional Sensitivity (Unsubsidized)

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

The availability of wind and solar resources has a meaningful impact on the levelized cost of energy for various regions around the globe. 

This regional analysis varies capacity factors as a proxy for resource availability, while holding other variables constant. However, there are a 

variety of other factors (e.g., transmission, back-up generation/system reliability costs, labor rates, permitting and other costs, etc.) that would 

also impact regional costs

Source: Lazard estimates.

(1) Low end assumes a crystalline utility-scale solar fixed-tilt design, as tracking technologies may not be available in all geographies. High end assumes a rooftop C&I solar system.
(2) Low end assumes a crystalline utility-scale solar fixed-tilt design with a capacity factor of 21%.
(3) Diamond represents a crystalline utility-scale solar single-axis tracking system with a capacity factor of 30%.
(4) Assumes capacity factors of 16% – 18%. Asia Pacific includes Malaysia, the Philippines and Thailand.
(5) Assumes capacity factors of 17% – 19%. 
(6) Assumes capacity factors of 18% – 20%. Middle East includes Israel, Turkey and the United Arab Emirates.
(7) Assumes capacity factors of 20% – 26%. Americas includes Guatemala, Honduras, Panama and Uruguay.
(8) Assumes capacity factors of 22% – 28%. Americas includes Brazil, Chile, Mexico and Peru.   
(9) Assumes an onshore wind generation plant with capital costs of $1.20 – $1.65 per watt.
(10) Assumes capacity factors of 35% – 40%. Northern Europe includes Denmark and Sweden.
(11) Assumes capacity factors of 30% – 35%. Europe includes Germany, Italy, the Netherlands, Spain and the U.K.
(12) Assumes capacity factors of 45% – 55%. Americas includes Argentina and Brazil.
(13) Assumes capacity factors of 35% – 50%. Americas includes Chile, Mexico, Peru and Uruguay. 
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Wind LCOE 
Mean

Unsubsidized Levelized Cost of  Energy—Wind & Solar PV (Historical)

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Over the last eight years, wind and solar PV have become increasingly cost-competitive with conventional generation technologies, on an 

unsubsidized basis, in light of material declines in the pricing of system components (e.g., panels, inverters, racking, turbines, etc.), and 

dramatic improvements in efficiency, among other factors

Source: Lazard estimates.

(1) Represents average percentage decrease of high end and low end of LCOE range.
(2) Low end represents crystalline utility-scale solar with single-axis tracking in high insolation jurisdictions (e.g., Southwest U.S.), while high end represents crystalline utility-scale 

solar with fixed-tilt design. 
(3) Lazard’s LCOE initiated reporting of rooftop C&I solar in 2010.
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Capital Cost Comparison

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

While capital costs for a number of Alternative Energy generation technologies (e.g., solar PV, solar thermal) are currently in excess of some 

conventional generation technologies (e.g., gas), declining costs for many Alternative Energy generation technologies, coupled with uncertain 

long-term fuel costs for conventional generation technologies, are working to close formerly wide gaps in electricity costs. This assessment, 

however, does not take into account issues such as dispatch characteristics, capacity factors, fuel and other costs needed to compare 

generation technologies

Source: Lazard estimates.

(1) High end capital cost represents the capital cost associated with the low end LCOE of utility-scale solar. Low end capital cost represents the capital cost associated with the high end LCOE of utility-scale solar.
(2) Low and high end represent a concentrating solar tower with 10-hour storage capability. Low end represents an illustrative concentrating solar tower built in South Australia. 
(3) Diamond represents PV plus storage. 
(4) Diamond represents solar thermal tower capital costs without storage. 
(5) Represents estimated midpoint of capital costs for offshore wind, assuming a capital cost range of $2.36 – $4.50 per watt.
(6) Low and high end represents Kemper and it incorporates 90% carbon capture and compression. Does not include cost of transportation and storage.
(7) Low and high end depicts an illustrative nuclear plant using the AP1000 design. 
(8) Reflects average of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. Does not incorporate carbon capture and compression.
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Levelized Cost of  Energy Components—Low End

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a key factor 

regarding the long-term competitiveness of currently more expensive Alternative Energy technologies is the ability of technological 

development and increased production volumes to materially lower the capital costs of certain Alternative Energy technologies, and their 

levelized cost of energy, over time (e.g., as has been the case with solar PV and wind technologies)

Source: Lazard estimates.

(1) Represents the low end of a utility-scale solar single-axis tracking system.
(2) Represents concentrating solar tower with 10-hour storage capability.
(3) Represents continuous operation.
(4) Incorporates 90% carbon capture and compression. Does not include cost of transportation and storage.
(5) Does not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies.
(6) Reflects average of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. Does not incorporate carbon capture and compression.
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Conventional

$297

$182

$141

$48

$43

$164

$94

$36

$77

$53

$48

$67

$28

$149

$203

$110

$111

$50

$22

$11

$9

$5

$4

$18

$1

$14

$12

$17

$8

$23

$11

$17

$10

$2

$50

$10

$40

$15

$15

$15

$10

$9

$1

$5

$2

$23

$41

$29

$182

$55

$28

$8

$9

$18

$24

$319

$194

$150

$53

$48

$181

$167

$89

$117

$114

$60

$281

$106

$210

$231

$183

$143

$78

$0 $50 $100 $150 $200 $250 $300 $350

Solar PV—Rooftop Residential   

Solar PV—Rooftop C&I   

Solar PV—Community   

Solar PV—Crystalline Utility Scale   

Solar PV—Thin Film Utility Scale   

Solar Thermal Tower with Storage

Fuel Cell

Microturbine

Geothermal

Biomass Direct

Wind

Diesel Reciprocating Engine

Natural Gas Reciprocating Engine

Gas Peaking

IGCC

Nuclear

Coal

Gas Combined Cycle

Levelized Cost ($/MWh)
Capital Cost Fixed O&M Variable O&M Fuel Cost

(1)

(1)

(2)

(4)

(5)

(6)

(3)

Levelized Cost of  Energy Components—High End

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a key factor 

regarding the long-term competitiveness of currently more expensive Alternative Energy technologies is the ability of technological 

development and increased production volumes to materially lower the capital costs of certain Alternative Energy technologies, and their 

levelized cost of energy, over time (e.g., as has been the case with solar PV and wind technologies)

Source: Lazard estimates.

(1) Represents the high end of utility-scale solar fixed-tilt design.
(2) Represents concentrating solar tower with 10-hour storage capability.
(3) Represents intermittent operation.
(4) Incorporates 90% carbon capture and compression. Does not include cost of transportation and storage.
(5) Does not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies. 
(6) Based on of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. High end incorporates 90% carbon capture and compression. Does not include cost of transportation and storage.
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Levelized Cost of  Energy—Sensitivity to Cost of  Capital

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

A key issue facing Alternative Energy generation technologies is the impact of the availability and cost of capital(1) on LCOEs (as a result of 

capital markets dislocation, technological maturity, etc.); availability and cost of capital have a particularly significant impact on Alternative 

Energy generation technologies, whose costs reflect essentially the return on, and of, the capital investment required to build them

Source: Lazard estimates.

(1) Cost of capital as used herein indicates the cost of capital for the asset/plant vs. the cost of capital of a particular investor/owner.
(2) Reflects average of high and low LCOE for given cost of capital assumption. 
(3) Does not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies. 
(4) Based on average of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. Does not incorporate carbon capture and compression.

(3)

After-Tax IRR/WACC 5.4% 6.2% 6.9% 7.7% 8.4% 9.2%

Cost of Equity 9.0% 10.0% 11.0% 12.0% 13.0% 14.0%

Cost of Debt 5.0% 6.0% 7.0% 8.0% 9.0% 10.0%

(4)

Reflects cost of capital assumption utilized in Lazard’s Levelized Cost of Energy analysis

+37%

+42%
+59%
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+21%

Reflects potentially more prevalent North American cost of capital
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L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

While Lazard’s analysis primarily reflects an illustrative global cost of capital (i.e., 8% cost of debt and 12% cost of equity), such assumptions 

may be somewhat elevated vs. OECD/U.S. figures currently prevailing in the market for utility-scale renewables assets/investment—in general, 

Lazard aims to update its major levelized assumptions (e.g., cost of capital, capital structure, etc.) only in extraordinary circumstances, so 

that results track year-over-year cost declines and technological improvements vs. capital markets

Source: Lazard estimates.

Note: Reflects equivalent cost, operational assumptions and footnotes as “Unsubsidized Levelized Cost of Energy—Cost of Capital Comparison” pages. Analysis assumes 60% debt 
at 6% interest rate and 40% equity at 10% cost for conventional and Alternative Energy generation technologies. Assumes an average coal price of $1.47 per MMBtu based on 
Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. Assumes a range of $0.65 – $1.33 per MMBtu based on Illinois Based Rail for IGCC. Assumes a 
natural gas price of $3.45 per MMBtu for Fuel Cell, Microturbine, Gas Peaking and Gas Combined Cycle.

‡ Denotes distributed generation technology.
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Energy Resources: Matrix of  Applications

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

While the LCOE for Alternative Energy generation technologies is, in some cases, competitive with conventional generation technologies, 

direct comparisons must take into account issues such as location (e.g., centralized vs. distributed) and dispatch characteristics (e.g., 

baseload and/or dispatchable intermediate load vs. peaking or intermittent technologies)

 This analysis does not take into account potential social and environmental externalities or reliability-related considerations

Source: Lazard estimates.

(1) Represents the full range of solar PV technologies; low end represents thin film utility-scale solar single-axis tracking, high end represents the high end of rooftop residential 
solar.

(2) Qualification for RPS requirements varies by location.
(3) Could be considered carbon neutral technology, assuming carbon capture and compression.
(4) Carbon capture and compression technologies are in emerging stage.

Levelized 
Cost of 
Energy

Carbon 
Neutral/ 

REC 
Potential

State of 
Technology

Location Dispatch

Distributed Centralized Geography Intermittent Peaking
Load-

Following
Base-
Load

Alternative 
Energy

Solar PV(1) $43 – $319  Commercial   Universal(2)
 

Solar Thermal $98 – $181  Commercial  Varies   

Fuel Cell $106 – $167 ? Emerging/
Commercial  Universal 

Microturbine $59 – $89 ? Commercial  Universal 

Geothermal $77 – $117  Mature  Varies 

Biomass Direct $55 – $114  Mature  Universal  

Onshore Wind $30 – $60  Mature  Varies 

Conventional

Diesel 
Reciprocating 

Engine
$197 – $281  Mature  Universal    

Natural Gas 
Reciprocating 

Engine
$68 – $106  Mature  Universal    

Gas Peaking $156 – $210  Mature   Universal  

IGCC $96 – $231 
(3) Emerging(4)


Co-located or 

rural 

Nuclear $112 – $183  Mature/Emerging 
Co-located or 

rural 

Coal $60 – $143 
(3) Mature(4)


Co-located or 

rural 

Gas 
Combined Cycle $42 – $78  Mature   Universal  
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Year 0 1 2 3 4 5 Key Assumptions

Capacity (MW) – (A) 100 100 100 100 100 Capacity (MW) 100

Capacity Factor (%) – (B) 38% 38% 38% 38% 38% Capacity Factor 38%

Total Generation ('000 MWh) – (A) x (B) = (C)* 333 333 333 333 333 Fuel Cost ($/MMBtu) $0.00

Levelized Energy Cost ($/MWh) – (D) $59.53 $59.53 $59.53 $59.53 $59.53 Heat Rate (Btu/kWh) 0

Total Revenues – (C) x (D) = (E)* $19.8 $19.8 $19.8 $19.8 $19.8 Fixed O&M  ($/kW-year) $40.0

Variable O&M  ($/MWh) $0.0
Total Fuel Cost – (F)  $0.0 $0.0 $0.0 $0.0 $0.0 O&M Escalation Rate 2.25%

Total O&M – (G)* 4.0 4.1 4.2 4.3 4.4 Capital Structure 

Total Operating Costs – (F) + (G) = (H) $4.0 $4.1 $4.2 $4.3 $4.4 Debt 60.0%

Cost of Debt 8.0%

EBITDA – (E) - (H) = (I) $15.8 $15.7 $15.6 $15.5 $15.4 Equity 40.0%

Cost of Equity 12.0%

Debt Outstanding - Beginning of Period – (J) $99.0 $97.0 $94.9 $92.6 $90.2

Debt - Interest Expense – (K) (7.9) (7.8) (7.6) (7.4) (7.2) Taxes and Tax Incentives:

Debt - Principal Payment – (L) (2.0) (2.1) (2.3) (2.5) (2.7) Combined Tax Rate 40%

Levelized Debt Service – (K) + (L) = (M) ($9.9) ($9.9) ($9.9) ($9.9) ($9.9) Economic Life (years) 20

MACRS Depreciation (Year Schedule) 5

EBITDA – (I) $15.8 $15.7 $15.6 $15.5 $15.4 Capex

Depreciation (MACRS) – (N) (33.0) (52.8) (31.7) (19.0) (19.0) EPC Costs ($/kW) $1,050

Interest Expense – (K) (7.9) (7.8) (7.6) (7.4) (7.2) Additional Owner's Costs ($/kW) $600

Taxable Income – (I) + (N) + (K) = (O) ($25.1) ($44.8) ($23.6) ($10.9) ($10.8) Transmission Costs ($/kW) $0

Total Capital Costs ($/kW) $1,650

Tax Benefit (Liability) – (O) x (tax rate) = (P) $10.0 $17.9 $9.5 $4.4 $4.3

Total Capex ($mm) $165

After-Tax Net Equity Cash Flow – (I) + (M) + (P) = (Q) ($66.0) $16.0 $23.8 $15.2 $10.0 $9.9

IRR For Equity Investors  12.0%

Source: Lazard estimates.

Note: Wind—High LCOE case presented for illustrative purposes only.
*            Denotes unit conversion.
(1) Assumes half-year convention for discounting purposes.
(2) Assumes full monetization of tax benefits of losses immediately. 
(3) Reflects a “key” subset of all assumptions for methodology illustration purposes only. Does not reflect all assumptions.
(4) Fuel costs converted from relevant source to $/MMBtu for conversion purposes. 
(5) Economic life sets debt amortization schedule. For comparison purposes, all technologies calculate LCOE on 20-year IRR basis.

Levelized Cost of  Energy—Methodology

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Lazard’s Levelized Cost of Energy analysis consists of creating a power plant model representing an illustrative project for each relevant 

technology and solving for the $/MWh figure that results in a levered IRR equal to the assumed cost of equity (see appendix for detailed 

assumptions by technology)
(1)

Wind — High Case Sample Calculations

Technology-dependent

Levelized

(4)

(5)

(2)

(3)
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Levelized Cost of  Energy—Key Assumptions

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Source: Lazard estimates.

(1) Includes capitalized financing costs during construction for generation types with over 24 months construction time.
(2) While prior versions of this study have presented LCOE inclusive of the U.S. Federal Investment Tax Credit and Production Tax Credit, Versions 6.0 – 11.0 present LCOE on an 

unsubsidized basis.
(3) Left column represents the assumptions used to calculate the low end LCOE for single-axis tracking. Right column represents the assumptions used to calculate the high end 

LCOE for fixed-tilt design. Assumes 30 MW system in high insolation jurisdiction (e.g., Southwest U.S.). Does not account for differences in heat coefficients, balance-of-system 
costs or other potential factors which may differ across solar technologies.

(4) Low and high end represent a concentrating solar tower with 10-hour storage capability. Low end represents an illustrative concentrating solar tower built in South Australia.

Units Rooftop—Residential  Rooftop—C&I Community  
Utility Scale— 
Crystalline (3)

Utility Scale—        
Thin Film (3)

Solar Thermal Tower 
with Storage (4)

Net Facility Output MW 0.005 – 0.002 1 1.5 30 30 110 – 135

EPC Cost $/kW $3,125 – $3,560 $2,000 – $3,750 $1,938 – $3,125 $1,375 – $1,100 $1,375 – $1,100 $3,344 – $8,750

Capital Cost During Construction $/kW –– –– –– –– –– $500 – $1,250 ––

Other Owner's Costs $/kW included included included included included included

Total Capital Cost (1) $/kW $3,125 – $3,560 $2,000 – $3,750 $1,938 – $3,125 $1,375 – $1,100 $1,375 – $1,100 $3,800 – $10,000

Fixed O&M $/kW-yr $20.00 – $25.00 $15.00 – $20.00 $12.00 – $16.00 $12.00 – $9.00 $12.00 – $9.00 $75.00 – $80.00

Variable O&M $/MWh –– –– –– –– –– ––

Heat Rate Btu/kWh –– –– –– –– –– ––

Capacity Factor % 18% – 13% 25% – 20% 25% – 20% 30% – 21% 32% – 23% 43% – 52%

Fuel Price $/MMBtu 0
 

0 0
 

0 0 0

Construction Time Months 3 3 4 – 6 9 9 36

Facility Life Years 20 25 30 30 30 35

CO2 Emissions lb/MMBtu –– –– –– –– –– ––

Levelized Cost of Energy (2) $/MWh $187 – $319 $85 – $194 $76 – $150 $46 – $53 $43 – $48 $98 – $181

Solar PV
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Units Fuel Cell Microturbine Geothermal Biomass Direct Wind—On Shore  Wind—Off Shore

Net Facility Output MW 2.4 0.5 – 0.25 20 – 50 10 100.0 210 – 385

EPC Cost $/kW $3,000 – $7,500 $1,500 – $2,700 $3,500 – $5,600 $1,500 – $3,500 $900 – $1,050 $2,360 – $4,500

Capital Cost During Construction $/kW –– –– $500 – $800 $200 – $500 $300 – $600 –– ––

Other Owner's Costs $/kW $800 – $0 included included included included included included

Total Capital Cost (1) $/kW $3,800 – $7,500 $1,500 – $2,700 $4,000 – $6,400 $1,700 – $4,000 $1,200 – $1,650 $2,360 – $4,500

Fixed O&M $/kW-yr –– $5.00 – $9.12 –– $50.00 $30.00 – $40.00 $80.00 – $110.00

Variable O&M $/MWh $30.00 – $50.00 $5.00 – $10.00 $30.00 – $40.00 $10.00 $0.00 $0.00 – $0.00

Heat Rate Btu/kWh 7,260 – 6,600 9,000 – 12,000 –– 14,500 –– ––

Capacity Factor % 95% 95% 90% – 85% 85% – 80% 55% – 38% 50% – 40%

Fuel Price $/MMBtu 3.45 $3.45 –– $1.00 – $2.00 –– ––

Construction Time Months 3 3 36 36 12 12

Facility Life Years 20 20 25 25 20 20

CO2 Emissions lb/MMBtu 0 – 117 –– –– –– –– ––

Levelized Cost of Energy (2) $/MWh $106 – $167 $59 – $89 $77 – $117 $55 – $114 $30 – $60 $71 – $155

Levelized Cost of  Energy—Key Assumptions (cont’d)

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Source: Lazard estimates.

(1) Includes capitalized financing costs during construction for generation types with over 24 months construction time.
(2) While prior versions of this study have presented LCOE inclusive of the U.S. Federal Investment Tax Credit and Production Tax Credit, Versions 6.0 – 11.0 present LCOE on an 

unsubsidized basis.
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Levelized Cost of  Energy—Key Assumptions (cont’d)

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Source: Lazard estimates.

(1) Includes capitalized financing costs during construction for generation types with over 24 months construction time.
(2) While prior versions of this study have presented LCOE inclusive of the U.S. Federal Investment Tax Credit and Production Tax Credit, Versions 6.0 – 11.0 present LCOE on an 

unsubsidized basis.
(3) Low end represents continuous operation. High end represents intermittent operation. Assumes diesel price of ~$2.50 per gallon.
(4) Incorporates 90% carbon capture and compression. Does not include cost of transportation and storage.
(5) Does not reflect decommissioning costs or potential economic impact of federal loan guarantees or other subsidies.
(6) Reflects average of Northern Appalachian Upper Ohio River Barge and Pittsburgh Seam Rail coal. High end incorporates 90% carbon capture and compression. Does not 

include cost of storage and transportation.

Units
Diesel Reciprocating 

Engine (3)  
Natural Gas 

Reciprocating Engine  Gas Peaking  IGCC (4) Nuclear (5) Coal (6) Gas Combined Cycle

Net Facility Output MW 1 – 0.25 1 – 0.25 241 – 50  580 2,200 600 550

EPC Cost $/kW $500 – $800 $650 – $1,100 $530 – $700  $3,400 – $12,900 $4,900 – $8,900 $2,000 – $6,100 $400 – $1,000

Capital Cost During Construction $/kW –– –– –– $800 – $3,250 $1,300 – $2,400 $500 – $1,600 $0 – $100

Other Owner's Costs $/kW included included $220 – $300 $0 – $0 $292 – $501 $500 – $700 $200 – $200

Total Capital Cost (1) $/kW $500 – $800 $650 – $1,100 $750 – $1,000  $4,175 – $16,200 $6,500 – $11,800 $3,000 – $8,400 $700 – $1,300

Fixed O&M $/kW-yr $10.00 $15.00 – $20.00 $5.00 – $20.00  $73.00 $135.00 $40.00 – $80.00 $6.20 – $5.50

Variable O&M $/MWh $10.00 $10.00 – $15.00 $4.70 – $10.00  $8.50 $0.75 $2.00 – $5.00 $3.50 – $2.00

Heat Rate Btu/kWh 9,500 – 10,000 8,000 – 10,000 9,804 – 8,000  11,708 – 11,700 10,450 8,750 – 12,000 6,133 – 6,900

Capacity Factor % 95% – 10% 95% – 30% 10%  75% 90% 93% 80% – 40%

Fuel Price $/MMBtu $18.23
 

$5.50
 

$3.45  $0.65 $0.85
 

$1.47
 

$3.45

Construction Time Months 3 3 12 – 18  57 – 63 69 60 – 66 24

Facility Life Years 20 20 20  40 40 40 20

CO2 Emissions lb/MMBtu 0 – 117 117 117  169 –– 211 117

Levelized Cost of Energy (2) $/MWh $197 – $281 $68 – $106 $156 – $210  $96 – $231 $112 – $183 $60 – $143 $42 – $78
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Summary Considerations

L A Z A R D ’ S  L E V E L I Z E D  C O S T  O F  E N E R G Y  A N A L Y S I S — V E R S I O N  1 1 . 0

Lazard has conducted this study comparing the levelized cost of energy for various conventional and Alternative Energy generation 

technologies in order to understand which Alternative Energy generation technologies may be cost-competitive with conventional generation 

technologies, either now or in the future, and under various operating assumptions, as well as to understand which technologies are best 

suited for various applications based on locational requirements, dispatch characteristics and other factors. We find that Alternative Energy 

technologies are complementary to conventional generation technologies, and believe that their use will be increasingly prevalent for a 

variety of reasons, including RPS requirements, carbon regulations, continually improving economics as underlying technologies improve 

and production volumes increase, and government subsidies in certain regions. 

In this study, Lazard’s approach was to determine the levelized cost of energy, on a $/MWh basis, that would provide an after-tax IRR to equity 

holders equal to an assumed cost of equity capital. Certain assumptions (e.g., required debt and equity returns, capital structure, etc.) were 

identical for all technologies in order to isolate the effects of key differentiated inputs such as investment costs, capacity factors, operating 

costs, fuel costs (where relevant) and other important metrics on the levelized cost of energy. These inputs were originally developed with a 

leading consulting and engineering firm to the Power & Energy Industry, augmented with Lazard’s commercial knowledge where relevant. 

This study (as well as previous versions) has benefited from additional input from a wide variety of industry participants.

Lazard has not manipulated capital costs or capital structure for various technologies, as the goal of the study was to compare the current 

state of various generation technologies, rather than the benefits of financial engineering. The results contained in this study would be altered 

by different assumptions regarding capital structure (e.g., increased use of leverage) or capital costs (e.g., a willingness to accept lower 

returns than those assumed herein).

Key sensitivities examined included fuel costs and tax subsidies. Other factors would also have a potentially significant effect on the results 

contained herein, but have not been examined in the scope of this current analysis. These additional factors, among others, could include: 

capacity value vs. energy value; stranded costs related to distributed generation or otherwise; network upgrade, transmission or congestion 

costs; integration costs; and costs of complying with various environmental regulations (e.g., carbon emissions offsets, emissions control 

systems). The analysis also does not address potential social and environmental externalities, including, for example, the social costs and 

rate consequences for those who cannot afford distribution generation solutions, as well as the long-term residual and societal consequences 

of various conventional generation technologies that are difficult to measure (e.g., nuclear waste disposal, environmental impacts, etc.).
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MTEP19 Futures 
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• Since minimal changes in recent policy & economic 
trends have occurred since the MTEP18 Futures were 
developed, MISO proposed no changes to MTEP18 
futures for MTEP19 (i.e. future names, narratives, and 
matrix) 

• MTEP19 Futures will be equally weighted & MISO will 
update/refresh base data & uncertainty variables 

• Are there any necessary changes or improvements 
that should be made to the MTEP18 Futures to 
incorporate equal future weightings & refreshed base 
data & uncertainty variables?  

• Yes, based upon stakeholder feedback & discussions 
from the February PAC & March Futures Workshop 

2 

Background 
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MTEP19 has 4 equally weighted futures 

3 

Limited Fleet 
Change 

Continued 
Fleet Change 

Distributed & 
Emerging 

Technologies 
Accelerated 

Fleet Change 

Changes from MTEP18 Futures 

• Model/cost assumptions for new wind & solar 
resources (PTC / construction & tax schedules) 

• Capacity credit for new solar resources will 
remain at 50% for the first model year & then 
decrease 2% annually to reach 30% in 2033 

• Minimum renewable penetration assumptions 
increased by 5% for each MTEP19 Future 

• Inclusion of units having a CPCN or equivalent 

• Updated Applied Energy Group DSM programs 

• Broaden demand & energy growth rate bands 
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Received written feedback from 11 entities over 2 rounds of 

feedback on the MTEP19 Futures 
• Stakeholders generally supportive of using and updating MTEP18 futures for MTEP19 
• Modeling refinements updated based on workshop feedback (summary in table below) 

4 

Topic Summary of  Majority Feedback Positions MISO Response 

PT
C

 
M

od
el

in
g 

Model full Production Tax Credit for wind through 2020 to more 
accurately reflect safe harbor provisions. MISO has updated costs to reflect the full Production Tax Credit value through 2020. 

So
la

r C
ap

ac
ity

 
C

re
di

t 

Support updating solar capacity credit over study period in theory. For planning purposes in the resource forecasting model, MISO will maintain the current 
50% capacity credit value through 2023 (the first model year) and then decrease by 2% 
annually to reach 30% in 2033 (the last model year). This is based on the general trends 
seen in the RIIA study rather than the exact values. MISO will continue to monitor data and 
trends and update in future years as more information is available.  

Have not reviewed Renewable Integration Impact Assessment (RIIA) 
values enough to have an informed opinion on their use. 
Do not support using RIIA values verbatim. 

Support using RIIA values verbatim. 

Ba
se

 
M

od
el

 
U

ni
ts

 

Support including regulator-approved renewable Power Purchase 
Agreement in base model in addition to units with Certificate of Need. 

MISO agrees and will include any long-term regulator-approved PPA units in rate base that 
stakeholders submitted in feedback. 

R
en

ew
ab

le
 

En
er

gy
 

Le
ve

ls
 

Support increasing renewable energy levels by 5% in all Futures to 
better reflect renewable energy levels in the queue and recent trends.  

MISO agrees and has updated Futures definitions to reflect 5% increase in renewable 
energy levels across futures. 

D
em

an
d 

& 
En

er
gy

 

Support modeling demand and energy levels as proposed. MISO agrees and will proceed with modeling no growth as the low level and twice the mid-
growth for high growth to maintain broad growth rate bookends. 
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MTEP19 Futures Key Assumptions 

5 

MTEP19 Future Limited Fleet Change Continued Fleet Change Accelerated Fleet Change 
Distributed & Emerging 

Technologies 

Demand and Energy 

Low 
(Demand: 0.0%, Energy 0.0%) 

High LRZ9 Industrial 

Base (50/50) 
(Demand: 0.3%, Energy 0.4%) 

High  
(Demand: 0.6%, Energy 0.9%) 

Low LRZ9 Industrial 

Base + EV  
(Demand: 0.4%, Energy 1.0%) 

Fuel Prices 
Gas: Base -30% 
Coal: Base -3% Base Gas: Base +30% 

Coal: Base Base 

Draft Demand Side Additions Total 

Technical Potential  By Year 2033 

EE: - GW 
DR: 6 GW  

DER: 6 GW 

EE: 6 GW 
DR: 7 GW 

DER: 7 GW 

EE: 7 GW 
DR: 8 GW  

DER: 7 GW 

EE: 7 GW 
DR: 8 GW 

DER: 10 GW 
Storage: 2 GW 

Min. Renewable Penetration Level 

By Year 2033 (% Wind & Solar Energy) 15% 20% 35% 25% 

Generation Retirements1 

By Year 2033 

Coal: 10 GW 

Gas/Oil: 16 GW 
Coal: 19 GW 

Gas/Oil: 16 GW 
Coal: 19 GW+ 

Gas/Oil: 16 GW 

Coal: 19 GW 

Gas/Oil: 16 GW 
Nuclear: 3 GW 

CO2 Reduction Constraint 

From Current Levels by 2033 
None None 20% None 

Siting Methodology2 MTEP Standard MTEP Standard MTEP Standard “Localized” 

1. In Accelerated Fleet Change Scenario 19 GW of coal retired. In addition, 12 GW of coal dispatched seasonally and must-run removed on all units. 
2. “Localized” renewable siting assumes that at least 50% of incremental wind and solar energy will be sourced within each Local Resource Zone.  2/3 of solar sited as distributed. 
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MTEP19 Futures Development Schedule 

6 

January PAC 
•Schedule & expectations 

February PAC 

•Review uncertainty 
variables 

•Discuss impacts of equal 
weightings  

March Workshop 

•Further discuss any 
changes 

•Discuss feedback & 
present proposed futures 

June PAC 

•Finalize MTEP19 future 
definitions 

September PAC 

•Final MTEP19 futures 
results & draft siting 

October 
•Final MTEP19 Futures 
posted on MISO website 

Upcoming feedback deadlines: 

• July 27: Distributed bus-specific siting viability feedback due 
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MTEP Futures Team: 
MTEPFutures@misoenergy.org  

Tony Hunziker: 
AHunziker@misoenergy.org 

7 

Contact 
Information 
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Appendix 1:  
MTEP19 Future Narratives 
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Future Narrative: Limited Fleet Change 

9 

Existing generation fleet remains relatively static without significant drivers of change. Some coal fleet reductions are expected 
as units reach the end of useful life. Renewable additions are driven solely by current Renewable Portfolio Standards under low 
demand & energy growth rates. 

• Footprint wide, demand & energy growth rates are low; however, as a result of low natural gas prices, industrial 
production along the Gulf Coast increases. 

• Natural gas prices are low due to increased well productivity and supply chain efficiencies along with low demand & 
energy. 

• Low demand & energy and natural gas prices reduce the demand for and economic viability of new generation 
technologies. 

• Thermal generation retirements are driven by unit useful life limits. Nuclear units are assumed to have license renewals 
granted and remain online. 

• Lower levels of demand-side management programs are assumed due to low demand & energy. 
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Future Narrative: Continued Fleet Change 

10 

The fleet evolution trends of the past decade continue. Coal retirements reflect historical retirement levels based on average age 
of retirement. Renewable additions continue to exceed current Renewable Portfolio Standard Requirements as a result of 
economics, public appeal, and the potential for future policy changes. Natural gas reliance increases as a result of new capacity 
needed to replace retired coal capacity. 

• Demand and energy growth rates are modeled at a level equivalent to a 50/50 forecast. 

• Natural gas prices are consistent with industry long-term reference forecasts. 

• Renewable additions continue along current trends. Wind & solar serve 15% of MISO energy by 2032.  

• Maturity cost curves for renewable resources reflect some advancement in technology and supply chain efficiencies. 

• Oil and gas generators retired at the useful life limit age. Coal units will be retired  reflecting age and historical retirements 
beyond age limits. Nuclear units are assumed to have license renewals granted and remain online. 

• Demand-side management programs modeled to reflect growth and technical potential of current programs. 
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Future Narrative: Accelerated Fleet Change 

11 

A robust economy with increased demand & energy drives higher natural gas prices. Carbon regulations targeting a 20% 
reduction from current levels are enacted in response to increased demand & energy, driving coal to both retirement and 
decreased production. Increased renewable additions are driven beyond renewable portfolio standards by need for new 
generation, technological advancement, and carbon regulation. Natural gas reliance increases as a result of new capacity 
needs driven by the need to replace retired capacity and provide flexibility to support the integration of intermittent renewable 
resources.  

• Demand & energy grows at a high rate due to a robust economy; however, as a result of high natural gas prices, 
industrial production along the Gulf Coast decreases. 

• Natural gas prices are high due to increased demand. 

• Retirements, economics, and  potential regulations drive renewable additions. Maturity cost curves for renewable 
technologies applied reflecting advancement in technologies. 

• Oil and gas generators will be retired in the year the age limit is reached. Coal units will be retired  reflecting age and 
economics. Nuclear units are assumed to have license renewals granted and remain online. 

• A 20% carbon reduction for current levels is modeled to reflect future national or state-level carbon regulation. 

• High demand & energy levels  and carbon regulation drive greater potential for demand-side management programs. 
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Future Narrative: Distributed & Emerging 

Technologies 

12 

Fleet evolution trends continue, primarily driven by local policies and emerging technology adoption. State level policies reflect 
desires for local reliability and optionality. Mid-level coal retirements reflect economics and age limits. Increased renewable 
additions are driven by favorable economics resulting from technological advancements and state-level renewable portfolio 
standards and goals with targeted increases in distributed solar. Natural gas reliance increases as a result of new capacity needs 
driven by load growth largely driven by electric vehicles, the need to replace retired capacity and provide flexibility to support the 
integration of intermittent renewable resources. 

• Demand and energy forecast begins level equivalent to a 50/50 forecast and has high growth rate to reflect adoption of 
electric vehicle technology on a broader scale. Energy grows faster than demand reflecting smart-charging. 

• Natural gas prices are consistent with industry long-term reference forecasts. 
• Generation siting shows a strong preference for localized energy and capacity self-sufficiency within state jurisdictions. 
• Maturity cost curves for renewable technologies applied reflecting advancement in technologies and supply-chain 

efficiencies. Renewable additions reach about 20% of MISO energy by 2032, increase from 15% in Continued Fleet 
Change Future comes primarily from solar. 

• Increased deployment of energy storage devices driven by economies of scale resulting from commercial mass production 
of lithium ion batteries and other viable technologies. 

• Oil and gas generators will be retired in the year the age limit is reached. Coal units will be retired  reflecting age and 
economics. Nuclear unit licenses are not renewed and units retire, unless unit has had recent significant investment. 

•  Demand-side management programs grow in scale and scope due to technological advancement and economies of scale. 
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Appendix 2: MTEP19 
Future Uncertainty Variables 
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MTEP19 Futures Uncertainty Variables Matrix 
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Continued Fleet 
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Emerging 
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MTEP19 Uncertainty Variables 

15 

MTEP19 UNCERTAINTY VARIABLES 
Uncertainty Unit Low (L) Mid (M) High (H) 

New Generation Capital Costs1 

Coal ($/KW) 3,674 

CC ($/KW) 1,048 

CT ($/KW) 899 

Nuclear ($/KW) 5,609 

Wind-Onshore1 ($/KW) 1,505 

IGCC ($/KW) 3,941 

IGCC w/ CCS ($/KW) 5,092 

CC w/ CCS ($/KW) 2,179 

Pumped Storage Hydro ($/KW) 5,458 

Battery Storage (Lithium Ion)1,4 ($/KW) 1,542 

Compressed Air Energy Storage ($/KW) 1,313 

PhotovoltaicAC
1 ($/KW) 1,419 

Biomass ($/KW) 3,860 

Conventional Hydro ($/KW) 3,830 

1  All costs are overnight construction costs 
in 2018 dollars; sourced from NREL Annual 
Technology Baseline 2017; MTEP19 varies 
cost maturity over time versus having high 
and low starting points at the front of the 
study period. 

2 Mid values for years 1 - 10 of demand 
growth are derived from Module-E; Years 
11-20 are extrapolated; H & L values are 
derived using updated demand growth 
assumption 

3 Energy values are calculated using 
Module E, the corresponding demand 
forecast and historical load factors. Add .5% 
EV growth for DET Future 

4 Lazard used for Li Ion battery costs 
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1  All costs are overnight construction costs 
in 2018 dollars; sourced from NREL Annual 
Technology Baseline 2017; MTEP19 varies 
cost maturity over time versus having high 
and low starting points at the front of the 
study period. 

2 Mid values for years 1 - 10 of demand 
growth are derived from Module-E; Years 
11-20 are extrapolated; H & L values are 
derived using updated demand growth 
assumption 

3 Energy values are calculated using 
Module E, the corresponding demand 
forecast and historical load factors. Add .5% 
EV growth for DET Future 

4 Lazard used for Li Ion battery costs 
    

MTEP19 UNCERTAINTY VARIABLES 
Uncertainty Unit Low (L) Mid (M) High (H) 

Demand and Energy 

Baseline 20-Year Demand Growth Rate2 % 0.0% 0.29% (.41% in DET) 0.59% 

Baseline 20-Year Energy Growth Rate3 % 0.0% 0.43% 0.85% (0.92% in DET) 

Demand Response & Energy Efficiency Levels - EE 

trimmed by estimated Mandates & Goals 
% 

AEG Limited Fleet 

Change 

CFC: AEG Reference 

Case (Mid Growth)       

DET: AEG Distributed and 

Emerging Technologies 

AEG Accelerated Fleet 

Change 

Natural Gas 

Natural Gas ($/MMBtu) Forecast-30% 
Combined NYMEX, EIA, 

and Wood Mackenzie 
Forecast +30% 

Fuel Prices (Starting Values) 

Oil ($/MMBtu)   Powerbase default   

Coal ($/MMBtu) 
 Powerbase default    

-3% 
Powerbase default   

Uranium ($/MMBtu)   Powerbase default   

MTEP19 Uncertainty Variables, cont. 
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MTEP19 UNCERTAINTY VARIABLES 

Uncertainty Unit Low (L) Mid (M) High (H) 

Fuel Prices (Escalation Rates) 

Oil %   2.5%   

Coal %   2.5%   

Uranium %   2.5%   

Emissions Costs/Constraints 

NOx  ($/ton)   

Annual $155 Seasonal 

$300   

CO2 (Tons)     20% by 2030 

Other Variables 

Inflation %   2.5   

Retirements MW 

Age-related oil/gas (55 

years) & coal (65 

years) 

Age-related oil/gas (55 

years) & coal (60 years), 

35% of nuclear in DET 

Age-related oil/gas (55 

years) & coal (60 years, 

reduced operation) 

Renewable Energy Level % 15% 

20% energy from wind 

and solar (25% in DET, 

emphasis on solar 

35% energy from wind 

and solar  

Cost Maturity Curves % 

More aggressive than 

NREL ATB, achieving -

30% by 2033 

Based on NREL ATB 

Less aggressive than 

NREL ATB, achieving 

+30% by 2033 

MTEP19 Uncertainty Variables, cont. 

1  All costs are overnight construction costs 
in 2018 dollars; sourced from NREL Annual 
Technology Baseline 2017; MTEP19 varies 
cost maturity over time versus having high 
and low starting points at the front of the 
study period. 

2 Mid values for years 1 - 10 of demand 
growth are derived from Module-E; Years 
11-20 are extrapolated; H & L values are 
derived using updated demand growth 
assumption 

3 Energy values are calculated using 
Module E, the corresponding demand 
forecast and historical load factors. Add .5% 
EV growth for DET Future 

4 Lazard used for Li Ion battery costs 
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Appendix 3: 
Other MTEP19 Information 
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MTEP19 Demand Forecasts 

19 
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MTEP19 Proposed CFC (Mod E 50/50) 0.29% MTEP19 Proposed LFC  0.00%
MTEP19 Proposed DET 0.41% MTEP19 Proposed AFC  0.59%
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MTEP19 Energy Forecasts 
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MTEP19 Proposed CFC (Mod E 50/50) 0.43% MTEP19 Proposed LFC  0.00%
MTEP19 Proposed DET 0.92% MTEP19 Proposed AFC  0.85%
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MTEP19 DR, EE, & DER Programs 

21 

State mandates & goals met in all MTEP19 Futures, additional DR/EE/DER  
up to listed potential allowed to be economically selected. 

MTEP19 Programs 

Limited Fleet Change 
Continued Fleet 

Change  

Accelerated Fleet 

Change 

Distributed and 

Emerging Technology 

Capacity 
(GW) 

Energy 
(GWh) 

Capacity 
(GW) 

Energy 
(GWh) 

Capacity 
(GW) 

Energy 
(GWh) 

Capacity 
(GW) 

Energy 
(GWh) 

15
 Y

ea
r T

ec
hn

ic
al

 
Po

te
nt

ia
l**

 

Demand 
Response (DR) 6.4 463 6.9 498 8.0 578 8.0 578 

Energy Efficiency 
(EE) - - 6.1 24,890 6.8 27,432 6.8 27,478 

Distributed Energy 
Resources (DER) 5.7 9,502 6.6 10,618 7.4 11,880 10.5 16,108 

Technical Potential represents the maximum feasible potential under each scenario. Existing DR not yet deducted from technical 
potential. Only economically viable programs will be implemented in the MTEP19 models (each program will be offered against 
supply-side alternatives) 

 * AEG Report 
**  Existing DR programs will be modeled as base assumptions 
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MTEP19 Capital Costs1 
(Capital costs of unit technology types in 2018 $/kW) 

22 Source:  2017 NREL ATB using updated inflation rate (1.42% actual)   https://data.nrel.gov/files/71/2017-ATB-data.xlsm                                                                           
Energy Storage Source: https://www.lazard.com/media/450338/lazard-levelized-cost-of-storage-version-30.pdf 

 $1,505   $1,419  
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$
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W
 

2 

1Capital costs from the NREL Annual Technology Baseline Report; 
Energy storage costs from Lazard Levelized Cost of Storage Report 
2Solar values reflect a 20% adder for DC to AC conversion 
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EGEAS Wind & Solar Enhancements 

Benefits: 
• More representative of recent project cost attributes 
• Impacts of tax credits more accurately modeled 

23 

Item MTEP18 MTEP19 

Depreciation 15-yr. 5-yr. for Utility Wind and Solar 

Construction Schedule Utility Solar: 2yr. 50/50 
Utility Wind: 2yr. 50/50 

Utility Solar: 2yr. 100/0 
Utility Wind: 3yr. 80/10/10 

Tax Credits ITC: cost adjustment 
PTC: O&M  

ITC phase-out  
PTC phase-out 
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MTEP19 Wind Capital Cost 

 Mid (“Real 2017”) maturity curve sourced from sourced NREL ATB 2017: http://www.nrel.gov/analysis/data_tech_baseline.html 
 High and low maturity curves are +/- 30% in 2033 of mid maturity curve 

Model Representation 2018 2019 2020 2021 2022 2023 2024 2025 

Utility Wind PTC Full Full Full 80% 60% 40% 0% 0% 

Utility Solar ITC 30% 30% 30% 30% 26% 22% 10% 10% 
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Solar Effective Load Carrying Capacity 

Enhancement 

25 

• Solar capacity credit will remain at 50% for the first model year 
and then decrease 2% annually to reach 30% in 2033 

• Follows general trends seen in Renewable Integration Impact 
Assessment study; does not model RIIA values verbatim 
 

Year 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 
Solar 

Capacity 
Credit 

50% 50% 50% 50% 50% 50% 48% 46% 44% 42% 40% 38% 36% 34% 32% 30% 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471
MECNRDCSC 

MECNRDCSCDE-8.15a 
L. K. Mikulan
1 of 1 

Question: Refer to Response MECNRDCSCDE-7.8. Refer also to Mikulan Direct 
Testimony, page 50. 

a. Was the initial 50 percent solar tracking ELCC value based on PV Watts?
If not, explain why not, and identify the basis for the 50 percent ELCC
assumption.

Answer: No.  The 50 percent ELCC assumption was based on MISO’s methodology 
in which new solar units without operational data receive a 50 percent 
capacity credit.  See WP LKM-458 2019 Wind and Solar Capacity Credit 
Report.pdf (Page 4 of 16).   

Attachments: All non-confidential workpapers were included on the discs that were 
provided to parties at the pre-hearing conference on April 26, 2019. In 
addition, the workpapers can be accessed at the following hyperlink 
under MECNRDCSCDE-1, while UPDATED workpapers can be found 
under LKM Workpapers Revised: 
https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U-
204712019IRPPublic/default.aspx   
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  

MECNRDCSCDE-8.15b  
L. K. Mikulan 
1 of 1  
 

 
Question: Refer to Response MECNRDCSCDE-7.8. Refer also to Mikulan Direct 

Testimony, page 50. 
 

b. Confirm that DTE assumed a 50 percent ELCC through 2023 for both 
fixed tilt and single-axis tracking solar resources. If not confirmed, explain 
why not. If confirmed, explain why DTE believes that fixed tilt and single-
axis tracking solar resources would provide the same ELCC. 

 
Answer: Confirmed.  As stated in the response to MECNRDCSCDE-8.15a.  The 50 

percent ELCC assumption was based on MISO’s methodology in which new 
solar units with any tilt/axis configuration and without operational data 
receive 50 percent capacity credit.  See WP LKM-458 2019 Wind and Solar 
Capacity Credit Report.pdf (Page 4 of 16).   

 
 For IRP modeling the 50 percent capacity credit was applied to both existing 

utility-owned solar resources (which are primarily fixed-tilt installations) and 
potential future solar resources (assumed to be single-axis tracking). 

 
 
 
Attachments:  N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  

MECNRDCSCDE-8.15c  
L. K. Mikulan/T. L. 

Schroeder  
1 of 1  
 

 
Question: Refer to Response MECNRDCSCDE-7.8. Refer also to Mikulan Direct 

Testimony, page 50. 
 

c. Was the hourly solar generation profile used in DTE’s Strategist modeling 
based on PV Watts? If so, identify all inputs to PV Watts used to create 
the hourly solar generation profile. If not, explain how the hourly solar 
generation profile used in DTE’s modeling was created and provide all 
supporting workpapers in native format. 

 
Answer: Please see response to ELPCDE-12.81a. 
 
 
 
Attachments: The Company’s prior discovery responses and associated documents 

for this case are available for download on the Discovery Portal 
accessed via the below hyperlink:  
https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U-
204712019IRPPublic/default.aspx 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  

MECNRDCSCDE-8.15d  
L. K. Mikulan/T. L. 

Schroeder  
1 of 1  
 

 
Question: Refer to Response MECNRDCSCDE-7.8. Refer also to Mikulan Direct 

Testimony, page 50. 
 

d. Was the hourly solar generation profile used in DTE’s Strategist modeling 
of single-axis tracking solar resources based on the typical profile for a 
single-axis tracking facility or a fixed tilt facility? 

 
Answer: The hourly solar generation profile was a fixed tilt shape, modified to a 

22.9% capacity factor, which represents the Company’s assumed single-
axis tracking capacity factor. 

 
 
 
Attachments:  N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  

MECNRDCSCDE-8.15e  
T. L. Schroeder  
1 of 1  
 

 
Question: Refer to Response MECNRDCSCDE-7.8. Refer also to Mikulan Direct 

Testimony, page 50. 
 

e. Provide the output of the PV Watts analyses used to determine the solar 
capacity factor assumptions used in DTE’s modeling. 

 
Answer: PV Watts is available at https://pvwatts.nrel.gov/.  DTE ran many iterations 

within the PV Watts Web site and did not save the output files. Therefore, a 
document showing 22.5% NCF from PV Watts is not available.  Please see 
MECNRDCSCDE-7.17a. 

 
 
Attachments:  None. 
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DTE Electric Company
WP LKM‐37 REF Renewable Capacity and Energy Calculation.xlsx
Solar

Case No.: U‐20471
Witness: L.K. Mikulan

Page: 1 of 1

1
2
3
4
5
6
7
8
9
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23
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
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47
48
49
50
51
52
53
54
55
56
57
58

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF AG AH
IRP Base Solar Plan

0.50% Degradation Factor
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049

MISO Solar Capacity Credit (%) 50% 50% 50% 50% 50% 50% 48% 46% 44% 42% 40% 38% 36% 34% 32% 30% 30% 30% 30% 30% 30% 30% 30%
Capacity Factor 19% 18.5% 24.6% 24.4% 24.3% 24.2% 24.1% 24.0% 23.8% 23.7% 23.6% 23.5% 23.4% 23.3% 23.1% 23.0% 22.9% 22.8% 22.7% 22.6% 22.5% 22.3% 22.2% 22.1% 22.0% 21.9% 21.8% 21.7% 21.6% 21.5% 21.4% 21.2%
Levelized capacity factor, 2018‐20 22.9%

Name Plate MW_ac Solar MWac (Incremental) 66 10 1.4 50 75 100 100 200 200 200 200 200 200 200 200 200 200 200
Solar MWac (Cumulative) 66 66 76 77 77 77 77 127 202 302 302 402 602 802 1,002 1,202 1,402 1,602 1,802 2,002 2,202 2,402 2,602
Solar Mwac (W/0.5% Degradation) 66 65 75 76 76 75 75 125 199 298 296 395 593 790 986 1,181 1,375 1,568 1,760 1,952 2,142 2,331 2,520

Firm cumulative MW_Solar Capacity Credit (MW) 33 33 38 38 38 38 36 57 88 125 119 150 213 269 316 354 413 471 528 586 643 699 756

input in Promod, GWHw/degradation 106 106 126 129 129 129 129 229 379 579 579 780 1180 1581 1982 2382 2783 3184 3584 3985 4386 4786 5187
input in Promod, MW Promod Input 106,425        105,893        125,926        128,731        128,731        128,731       128,731  228,897        379,147        579,480        579,480        779,813        1,180,479     1,581,145     1,981,811     2,382,477     2,783,144     3,183,810     3,584,476     3,985,142     4,385,808     4,786,474     5,187,140    

Sensitivity with 50% Flat 
Capacity Credit (MW) 33 33 38 38 38 38 37 62 99 149 148 197 296 395 493 591 688 784 880 976 1071 1166 1260

STRATEGIST GWH
SOLAR PARK SIZE 100

Degaradation Factor 0.5% 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
Capacity Factor, % with degradation 24.6% 24.4% 24.3% 24.2% 24.1% 24.0% 23.8% 23.7% 23.6% 23.5% 23.4% 23.3% 23.1% 23.0% 22.9% 22.8% 22.7% 22.6% 22.5% 22.3% 22.2% 22.1% 22.0% 21.9% 21.8% 21.7% 21.6% 21.5% 21.4% 21.2%
Generation, GWH 215.2 214.2 213.1 212.0 211.0 209.9 208.9 207.8 206.8 205.7 204.7 203.7 202.7 201.7 200.6 199.6 198.6 197.7 196.7 195.7 194.7 193.7 192.8 191.8 190.8 189.9 188.9 188.0 187.0 186.1

Average CF, 2018‐2040 22.9%
Average GWH, 2018‐2040 200.3

Capacity degradation 100 99.50 99.00 98.51 98.01 97.52 97.04 96.55 96.07 95.59 95.11 94.64 94.16 93.69 93.22 92.76 92.29 91.83 91.37 90.92 90.46 90.01 89.56 89.11 88.67 88.22 87.78 87.34 86.91 86.47
Levelized capacity 2018‐2040 93

FIRM CAP TO MATCH (SITC  &S25) 46.5 46.5 46.5 46.5 46.5 46.5 44.7 42.8 41.0 39.1 37.2 35.4 33.5 31.6 29.8 27.9 27.9 27.9 27.9 27.9 27.9 27.9 27.9
17 S‐100 units 728 696 665 633 601 570 538 506 475 475 475 475 475 475 475 475
short position 131 206 260 276 (159) (585) (486) (418) (369) (256) (181) (105) (14) 69 117 (1327)
(w/o CC in 2030) * This is the only year the short is not covered by 17 ‐ S100 units

** Its probably becos of the capacity degradation calc.. (see cell C40)

GWH match for SOLAR unit 106.4117 105.8797 125.9105 128.7148 128.7148 128.7148 128.7148 228.869 379.1003 579.4087 579.4088 779.7172 1180.334 1580.951 1981.567 2382.184 2782.802 3183.417 3584.034 3984.651 4385.268 4785.885 5186.501
1.00012313 1.00012257 1.00012297 1.0001231 1.0001231 1.0001231 1.000123105 1.00012308 1.00012307 1.00012306 1.00012289 1.00012293 1.00012297 1.00012286 1.0001233 1.00012318 1.00012273 1.00012333 1.00012325 1.00012318 1.00012312 1.00012307 1.00012322

FIRM CAP match for SOLAR unit 32.835 32.67082 37.50748 38.01993 37.82983 37.64068 35.95438 57.28402 87.51944 125.1236 118.5695 150.0779 213.4681 268.6007 315.5366 354.3365 412.5648 470.5019 528.1495 585.5086 642.5814 699.3682 755.8713
1 1.00000015 0.99999976 1.00000009 1.0000001 1.00000012 1.000000056 0.99999967 0.99999984 0.99999971 0.99999977 0.99999929 0.99999985 0.99999995 1.00000014 1.00000007 1.0000001 1.00000025 1.00000002 1.00000027 0.99999971 1.00000016 1.00000022

100 100.000015 99.9999757 100.000009 100.00001 100.000012 100.0000056 99.9999674 99.9999836 99.9999709 99.9999765 99.9999291 99.9999848 99.9999951 100.000014 100.000007 100.00001 100.000025 100.000002 100.000027 99.9999715 100.000016 100.000022

FIXED SOLAR TRACKING SOLAR
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 
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Question: Refer to DTE Response to MECNRDCSCDE-2.15a. 

a. Identify the levelized capacity factor values that were entered into
Strategist for each solar resource type in each scenario.

Answer: The levelized capacity factor used is 22.9%.  This value can be found on 
the “SOLAR” tab of WP LKM-37 REF Renewable Capacity and Energy 
Calculation 

Attachments: All non-confidential workpapers were included on the discs that were 
provided to parties at the pre-hearing conference on April 26, 2019. In 
addition, the workpapers can be accessed at the following hyperlink under 
MECNRDCSCDE-1: 
https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U-
204712019IRPPublic/default.aspx 
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Question: Refer to DTE Response to MECNRDCSCDE-2.15a. 
 

b. Confirm that the stated levelized approach to solar capacity factors 
would understate solar production in the near term and overstate solar 
production in the long term. If not confirmed, explain why not. 

 
 
Answer: Confirmed. 
 
 
 
Attachments: N/A 
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Question: Refer to DTE Response to MECNRDCSCDE-2.15a. 
 

c. Confirm that the Company’s discount rate would result in the levelized 
capacity factor approach used by the Company under-stating the net 
present value of solar resources. If not confirmed, explain why not. 

 
 
Answer: Confirmed, however to clarify, as stated in MECNRDCSCDE-2.15a, for 

modeling purposes the Company calculated a “levelized” capacity factor by 
taking the 30-year average of declining net capacity factors assuming an 
annual degradation of 0.5%.  While traditional “levelization” of a cash flow 
stream would include the use of a discount rate, in this instance the use of 
the Company’s discount rate would inflate the net capacity factor where as 
total system output (MWh generated) over the 30-year period would be in 
excess of total system output estimated assuming a declining net capacity 
factor due to degradation.  The Company’s method to average the net 
capacity factor over the 30-year period yields the same system output (MWh 
generated) as if the net capacity factor is declining over the asset life due 
to degradation.   

 
 Furthermore, the Company’s “levelized” capacity factor shown in WP LKM-

37 REF Renewable Capacity and Energy Calculation used for modeling is 
nearly identical to the 2018 NREL ATB adjusted average capactity factor, 
23% MWAC, for Utility PV – Chicago.   

 
 See discussion under the section titled “Capacity Factor: Expected Annual 

Average Energy Production Over Lifetime” in the link below. 
 
 https://atb.nrel.gov/electricity/2018/index.html?t=su 
 
 

U-20471 - August 21, 2019 
Direct Testimony of A. Allison 

Exhibit: MEC-31; Source: MECNRDCSCDE-3.64 
Page 3 of 4

https://atb.nrel.gov/electricity/2018/index.html?t=su


 

 

MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-3.64c  
L. K. Mikulan  
2 of 2  
 

 
 
Attachments: All non-confidential workpapers were included on the discs that were 

provided to parties at the pre-hearing conference on April 26, 2019. In 
addition, the workpapers can be accessed at the following hyperlink under 
MECNRDCSCDE-1: 
https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U-
204712019IRPPublic/default.aspx 
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Confidential and Privileged  
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Financial Assumptions DTE Forecast Source
Long‐term Debt 50.00% Updated by Regulatory Rev Req 6/29/2018
Common Equity 50.00% Updated by Regulatory Rev Req 6/29/2018
Cost of Debt (Pre‐tax) 4.42% Updated by Regulatory Rev Req 6/29/2018
Cost of Equity (After‐tax) 10.00% Updated by Regulatory Rev Req 6/29/2018
Marginal Cost of Capital (After Tax) 7.210% Updated by Regulatory Rev Req 6/29/2018
Marginal Cost of Capital (Pre‐Tax) 8.96% Updated by Regulatory Rev Req 6/29/2018
Cost of Capital for AFUDC 5.34% Updated by Regulatory Rev Req 6/29/2018
Discount Rate 6.63% Updated by Regulatory Rev Req 6/29/2018

General Escalations and Other Rates Rate
General Escalation and Inflation Factor Applied to O&M and annual maintenance capital
Insurance Rate for new Units 0.035% Received from Insurance 7/10/2018

Removal Costs Rate
Removal Cost for CT 5.00% Updated by Regulatory Rev Req 6/29/2018
Removal Cost for CCGT 1.65% Updated by Regulatory Rev Req 6/29/2018
Removal Cost for Wind 0.09% Updated by Regulatory Rev Req 6/29/2018
Removal Cost for Solar 0.59% Updated by Regulatory Rev Req 6/29/2018
Removal Cost for Nuclear 1.00% Updated by Regulatory Rev Req 6/29/2018

Tax Depreciation Assumptions Type
Tax Depreciation for CCGT 20 Yr MACR Received from Tax 6/29/18
Tax Depreciation for CT 15 Yr MACR Received from Tax 6/29/18
Tax Depreciation for Nuclear 15 Yr MACR Received from Tax 6/29/18
Tax Depreciation for Renewables 5 Yr MACR Received from Tax 6/29/18
Tax Depreciation for Demand Response 5 Yr MACR Received from Tax 6/29/18
Tax Depreciation for Energy Efficiency Expensed for tax in year incurred Received from Tax 6/29/18
Tax Depreciation for Existing Plants (non‐environmental) 20 Yr MACR Received from Tax 6/29/18
Tax Depreciation for Repowering Existing Plants (non‐environmental) 20 Yr MACR Received from Tax 6/29/18
Tax Depreciation for Combustion Turbine conversion to Combined Cycle 20 Yr MACR Received from Tax 6/29/18

Other Tax Assumptions Rate
Income Tax Rate (Federal + MCI + Muni) 25.9% Received from Tax 6/29/2018
Deferred Tax Rate 25.9% Received from Tax 6/29/2018

Other Renwable Assumptions Rate
Renewable Insurance Cost NREL Fixed O&M assumes property tax and insurance.
Renewable Property Tax

Escalation and De‐Escalation Rates
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 1 

PACE Deflator Series (year to year change) 1.000 1.017 1.027 1.026 1.024 1.023 1.023 1.020 1.021 1.020 1.021 1.020 1.021 1.020 1.021 1.020 1.021 1.021 1.020 1.020 1.021 1.020 1.020 1.021 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 1.020 2 45.92 CAGR
PACE Deflator Series  1.000 1.017 1.044 1.071 1.097 1.122 1.148 1.171 1.196 1.220 1.245 1.271 1.297 1.324 1.351 1.378 1.407 1.436 1.465 1.495 1.526 1.557 1.588 1.622 1.655 1.689 1.723 1.759 1.795 1.832 1.869 1.907 1.947 1.986 2.027 2.069 2.111 2.154 2.199 2.244 2.290 2.336 2.384 2.433 2.483 3  73.94 0.0204

4 0.00
5  0.00
6 0.00
7  0.00
8 0.00
9  0.00
10 0.00

Book Depreciation Rates
1  2   3   4      5  6   7  8  9  10   11   12  13  14   15   16   17   18   19   20   21  22   23   24   25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

Wind Book Depreciation %/yr 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 4.04% 3.04% 1.00 DTE Electric's Rates Porposed in Case No. U‐18142
Solar Book Depreciation %/yr 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 5.28% 4.96% 1.00 DTE Electric's Rates Porposed in Case No. U‐18143
Nuclear Fuel Depreciation %/yr 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 1.00 DTE Electric's Rates Porposed in Case No. U‐18144
Energy Efficiency Book Depreciation %/yr 20.00% 20.00% 20.00% 20.00% 20.00% 1.00 DTE Electric's Rates Porposed in Case No. U‐18145
Demand Response Book Depreciation %/yr 20.00% 20.00% 20.00% 20.00% 20.00% 1.00 DTE Electric's Rates Porposed in Case No. U‐18146
Distributed Generation Book Depreciation %/yr 20.00% 20.00% 20.00% 20.00% 20.00% 1.00 DTE Electric's Rates Porposed in Case No. U‐18147
Fermi 2 Book Depreciation %/ yr 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 3.93% 1.75% 1.00 DTE Electric's Rates Porposed in Case No. U‐18148
Fermi 2 Relicense Capital Book Depreciation %/ yr (Based on 25 year life extension) 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 4.00% 1.00 DTE Electric's Rates Porposed in Case No. U‐18149
Existing Plant Book Depreciation %/ yr 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 4.07% 2.32% 1.00 DTE Electric's Rates Porposed in Case No. U‐18150

Tax Depreciation Schedule
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

3 YR MACRS Rate 33.33% 44.45% 14.81% 7.41% 1.00
5 YR MACRS Rate 20.00% 32.00% 19.20% 11.52% 11.52% 5.76% 1.00
7 YR MACRS Rate 14.29% 24.49% 17.49% 12.49% 8.93% 8.92% 8.93% 4.46% 1.00
10 YR MACRS Rate 10.00% 18.00% 14.40% 11.52% 9.22% 7.37% 6.55% 6.55% 6.56% 6.55% 3.28% 1.00
15 Yr MACRS Rate 5.00% 9.50% 8.55% 7.70% 6.93% 6.23% 5.90% 5.90% 5.91% 5.90% 5.91% 5.90% 5.91% 5.90% 5.91% 2.95% 1.00
20 Yr MACRS Rate 3.75% 7.22% 6.68% 6.18% 5.71% 5.29% 4.89% 4.52% 4.46% 4.46% 4.46% 4.46% 4.46% 4.46% 4.46% 4.46% 4.46% 4.46% 4.46% 4.46% 2.23% 1.00

ITC Transmission Owner Annual Charge Rates used to Calculate Annual Revenue Requirements for Cost Sharing Projects
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Fixed Charge Rate  18.42% 18.16% 17.89% 17.63% 17.36% 17.10% 16.83% 16.57% 16.30% 16.04% 15.77% 15.51% 15.24% 14.98% 14.71% 14.45% 14.18% 13.92% 13.65% 13.39% 13.12% 12.86% 12.59% 12.32% 12.06% 11.79% 11.53% 11.26% 11.00% 10.73% 10.47% 10.20% 9.94% 9.67% 9.41% 9.14% 8.88% 8.61% 8.35% 8.08% 5.30 Updated by Regulatory 8/15/2018

Property Tax Assumptions
CCGT ‐4 ‐3 ‐2 ‐1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

% Good Assumption 0.50 0.50 0.50 0.5 0.94 0.95 0.95 0.96 0.95 0.95 1.01 0.99 1.02 1.05 1.15 1.29 1.28 1.20 1.12 1.09 1.07 1.01 0.95 0.92 0.87 0.81 0.77 0.75 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 34.45 Upated by Tax on 6/8/2018
CWIP Assumption 0% 26% 72% 88% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 37.86 Upated by Tax on 6/8/2018
Taxable Value Factor 0.00% 6.62% 17.89% 21.98% 47.00% 47.50% 47.50% 48.00% 47.50% 47.50% 50.50% 49.50% 51.00% 52.50% 57.50% 64.50% 64.00% 60.00% 56.00% 54.50% 53.50% 50.50% 47.50% 46.00% 43.50% 40.50% 38.50% 37.50% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 16.69 Upated by Tax on 6/8/2018
Millage Rate (Assuming East China Township) 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 1900.00 Upated by Tax on 6/8/2018
Tax Factor 0.00% 0.31% 0.85% 1.04% 2.23% 2.26% 2.26% 2.28% 2.26% 2.26% 2.40% 2.35% 2.42% 2.49% 2.73% 3.06% 3.04% 2.85% 2.66% 2.59% 2.54% 2.40% 2.26% 2.19% 2.07% 1.92% 1.83% 1.78% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 0.79 Upated by Tax on 6/8/2018 2.24% 30 year average (start with in‐svc year)
CT  ‐4 ‐3 ‐2 ‐1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
% Good Assumption 0.50 0.50 0.50 0.5 0.94 0.95 0.95 0.96 0.95 0.95 1.01 0.99 1.02 1.05 1.15 1.29 1.28 1.20 1.12 1.09 1.07 1.01 0.95 0.92 0.87 0.81 0.77 0.75 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 34.45 Upated by Tax on 6/8/2018
CWIP Assumption 0% 0% 72% 85% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 37.57 Upated by Tax on 6/8/2018
Taxable Value Factor 0.00% 0.00% 17.88% 21.26% 47.00% 47.50% 47.50% 48.00% 47.50% 47.50% 50.50% 49.50% 51.00% 52.50% 57.50% 64.50% 64.00% 60.00% 56.00% 54.50% 53.50% 50.50% 47.50% 46.00% 43.50% 40.50% 38.50% 37.50% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 35.00% 16.62 Upated by Tax on 6/8/2018
Millage Rate (Assuming East China Township) 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 1900.00 Upated by Tax on 6/8/2018
Tax Factor 0.00% 0.00% 0.85% 1.01% 2.23% 2.26% 2.26% 2.28% 2.26% 2.26% 2.40% 2.35% 2.42% 2.49% 2.73% 3.06% 3.04% 2.85% 2.66% 2.59% 2.54% 2.40% 2.26% 2.19% 2.07% 1.92% 1.83% 1.78% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 1.66% 0.79 Upated by Tax on 6/8/2018 2.24% 30 year average (start with in‐svc year)
Nuclear ‐4 ‐3 ‐2 ‐1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
% Good Assumption 0.00 0.00 0.00 0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 36.00 Upated by Tax on 6/8/2018
CWIP Assumption 0% 0% 0% 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 36.00 Upated by Tax on 6/8/2018
Taxable Value Factor 0.00% 0.00% 0.00% 0.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 18.00 Upated by Tax on 6/8/2018
Millage Rate (Assuming East China Township) 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 50.79 2031.71 Upated by Tax on 6/8/2018
Tax Factor 0.00% 0.00% 0.00% 0.00% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 2.54% 0.91 Upated by Tax on 6/8/2018 2.54% 30 year average (start with in‐svc year)
Wind ‐4 ‐3 ‐2 ‐1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
% Good Assumption 0.5 0.5 0.5 0.5 1 0.8 0.75 0.7 0.6 0.5 0.45 0.4 0.35 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 15.65 Upated by Tax on 6/8/2018
CWIP Assumption 0 0 0.45 0.95 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 37.40 Upated by Tax on 6/8/2018
Taxable Value Factor 0.00% 0.00% 11.25% 23.75% 50.00% 40.00% 37.50% 35.00% 30.00% 25.00% 22.50% 20.00% 17.50% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 15.00% 7.18 Upated by Tax on 6/8/2018
Millage Rate (Assuming East China Township) 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 23.65 946.00 Upated by Tax on 6/8/2018
Tax Factor 0.00% 0.00% 0.27% 0.56% 1.18% 0.95% 0.89% 0.83% 0.71% 0.59% 0.53% 0.47% 0.41% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.35% 0.17 Upated by Tax on 6/8/2018 0.47% 30 year average (start with in‐svc year)
Solar ‐4 ‐3 ‐2 ‐1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
% Good Assumption 0.5 0.5 0.5 0.5 0.89 0.76 0.67 0.6 0.54 0.49 0.45 0.42 0.38 0.36 0.33 0.31 0.29 0.28 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 13.83 Upated by Tax on 6/8/2018
CWIP Assumption 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 36.00 Upated by Tax on 6/8/2018
Taxable Value Factor 0.00% 0.00% 0.00% 0.00% 44.50% 38.00% 33.50% 30.00% 27.00% 24.50% 22.50% 21.00% 19.00% 18.00% 16.50% 15.50% 14.50% 14.00% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 11.50% 5.92 Upated by Tax on 6/8/2018
Millage Rate (Assuming East China Township) 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 940.00 Upated by Tax on 6/8/2018
Tax Factor 0.00% 0.00% 0.00% 0.00% 1.05% 0.89% 0.79% 0.71% 0.63% 0.58% 0.53% 0.49% 0.45% 0.42% 0.39% 0.36% 0.34% 0.33% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.27% 0.14 Upated by Tax on 6/8/2018 0.41% 30 year average (start with in‐svc year)

Renewable Tax Credit
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41

Wind PTCs ($/MWh) 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042
2020 24.99 25.49 26.01 26.54 27.08 27.63 28.19 28.77 29.35 29.95 274.01 Renewable Tax Credits for Wind & Solar (Wind & Solar combined into one PDF by IRP)
2021 20.40 20.81 21.23 21.67 22.11 22.56 23.01 23.48 23.96 24.45 223.67 Renewable Tax Credits for Wind & Solar (Wind & Solar combined into one PDF by IRP)
2022 15.61 15.92 16.25 16.58 16.92 17.26 17.61 17.97 18.33 18.71 171.16 Renewable Tax Credits for Wind & Solar (Wind & Solar combined into one PDF by IRP)
2023 10.62 10.83 11.05 11.28 11.51 11.74 11.98 12.22 12.47 12.73 116.43 Renewable Tax Credits for Wind & Solar (Wind & Solar combined into one PDF by IRP)

Solar ITC % 0.30 0.30 0.30 0.30 0.30 0.30 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 3.70 Renewable Tax Credits for Wind & Solar (Wind & Solar combined into one PDF by IRP)

NREL Capital Deescalation/Escalation Assumptions 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 CAGR

NREL Capital 
Deescalatio
n/Escalation 
Assumptions

Property tax 
(% original 
cost)

Property tax % 
of rate base 
(CWIP)

Property tax 
% of rate 
base (In‐
service)

TRG 7 Wind ‐ Mid (Cap Ex, $ Nominal) 1740.302272 1769.051669 1815.770637 1861.889275 1906.375423 1949.874153 1993.237154 2035.479351 2077.784005 2120.773162 2164.861526 2210.221958 2256.653426 2304.295205 2353.190114 2403.33293 2454.781553 2507.573694 2561.740755 2617.328749 2674.377431 2732.92028 2793.012506 2854.689101 2917.999861 2982.9897 3049.70661 3118.20009 3188.52097 3260.72158 3334.85575 3410.97884 3489.14783 0.02197544 Wind 0.02197544 2% 25% 50%
TRG 7 Wind ‐ Mid (Series) 1 1.016519772 1.04336509 1.069865451 1.095427762 1.12042269 1.145339626 1.169612535 1.193921331 1.218623452 1.243957191 1.270021877 1.296701994 1.324077571 1.352173213 1.380985918 1.410548956 1.440883998 1.472009085 1.503950659 1.536731563 1.570371035 1.604900799 1.640340961 1.676720136 1.7140641 1.75240052 1.79175775 1.83216503 1.87365243 1.91625087 1.95999218 2.00490908 Solar 0.00633126 2% 25% 50%
TRG 7 Wind ‐ Mid (By Year) 0.016519772 0.026845318 0.026500361 0.025562311 0.024994928 0.024916936 0.024272908 0.024308797 0.024702121 0.025333739 0.026064686 0.026680117 0.027375577 0.028095642 0.028812705 0.029563038 0.030335041 0.031125088 0.031941574 0.032780904 0.033639472 0.034529764 0.035440162 0.036379175 0.037344 0.0383364 0.03935723 0.04040728 0.0414874 0.04259844 0.04374131 0.0449169 AdvCT 0.01691276 2% 25% 50%
TRG 7 Wind ‐ Low (Cap Ex, $ Nominal) 1732.529207 1752.048198 1774.677776 1742.419351 1703.656711 1658.873596 1608.812893 1552.67257 1491.387975 1425.308601 1292.287114 1265.843513 1248.423191 1240.691786 1243.281999 1269.21661 1295.693777 1322.725056 1350.318344 1378.4889 1407.248326 1436.604559 1466.576589 1497.172382 1528.407284 1560.2937 1592.84506 1626.07539 1659.99879 1694.62971 1729.98291 1766.07344 1802.91667 0.00124526 AdvCC 0.01703682 2% 25% 50%
TRG 7 Wind ‐ Low (Series) 1 1.011266183 1.024327768 1.0057085 0.983335059 0.957486655 0.928592076 0.896188395 0.860815488 0.822675078 0.745896294 0.730633289 0.720578438 0.716115942 0.71761099 0.73258021 0.747862588 0.763464795 0.779391388 0.795651175 0.812250853 0.829195002 0.846494583 0.864154195 0.882182695 0.9005872 0.91937559 0.93855583 0.95813611 0.97812476 0.9985303 1.01936142 1.040627 CCwCCS 0.01302198 2% 25% 50%
TRG 7 Wind ‐ Low (By Year) 0.011266183 0.013061585 ‐0.018619268 ‐0.022373441 ‐0.025848404 ‐0.028894579 ‐0.032403681 ‐0.035372907 ‐0.03814041 ‐0.076778785 ‐0.015263004 ‐0.010054851 ‐0.004462496 0.001495047 0.01496922 0.015282378 0.015602207 0.015926593 0.016259787 0.016599678 0.016944149 0.017299581 0.017659612 0.0180285 0.0184045 0.01878838 0.01918024 0.01958028 0.01998865 0.02040554 0.02083112 0.02126558 AdvNuc 0.01576842 3% 25% 50%
Solar, Chicago ‐ Mid (Cap Ex, $ Nominal) 1111.983769 1088.316888 1051.845609 1022.770921 1035.674715 1047.402212 1058.420003 1068.210282 1077.404677 1086.318185 1095.145453 1103.949905 1112.606266 1125.616836 1138.703627 1151.844224 1165.046293 1178.30697 1191.619794 1204.984493 1218.39714 1231.850296 1245.345665 1257.157639 1268.930891 1280.658 1292.33217 1303.94623 1315.49282 1326.96429 1338.35269 1349.64978 1360.84702 0.00633126 Bio 0.01631009 2% 25% 50%
Solar, Chicago ‐ Mid (Series) 1 0.978716523 0.945918132 0.919771448 0.931375749 0.941922212 0.951830442 0.960634779 0.96890324 0.976919102 0.984857408 0.992775197 1.000559808 1.012260131 1.024029 1.035846256 1.047718793 1.059644037 1.071616175 1.083634965 1.095696874 1.107795213 1.119931513 1.130553947 1.141141558 1.1516877 1.16218618 1.17263063 1.18301441 1.19333063 1.20357215 1.21373155 1.22380116 PCwCCS 0.01610379 3% 25% 50%
Solar, Chicago ‐ Mid (By Year) ‐0.021283477 ‐0.032798391 ‐0.026146684 0.011604301 0.010546464 0.00990823 0.008804336 0.008268462 0.008015862 0.007938306 0.007917789 0.007784611 0.011700323 0.011768869 0.011817256 0.011872538 0.011925244 0.011972138 0.01201879 0.012061909 0.012098339 0.0121363 0.010622434 0.010587611 0.0105461 0.01049849 0.01044445 0.01038378 0.01031622 0.01024152 0.0101594 0.01006961 IGCCwCCS 0.01584103 3% 25% 50%
Solar, Chicago ‐ Low (Cap Ex, $ Nominal) 982.3277461 949.022078 929.1390347 913.4729961 909.0630464 902.8693343 895.3164109 885.982993 875.4171051 863.872971 851.4890988 838.2895787 824.1527896 827.0410125 829.7086727 832.130808 837.0953341 829.6432555 826.864725 823.6240686 819.9031381 815.6810496 810.9425939 815.4818001 811.1007992 802.1688 792.528803 808.223383 775.065041 767.35433 759.000901 749.981624 755.802559 ‐0.0081586 DTECC 0.01703682 2% 25% 50%
Solar, Chicago ‐ Low (Series) 1 0.966095157 0.945854414 0.929906541 0.925417255 0.919112117 0.911423315 0.901921987 0.891166017 0.879414202 0.866807542 0.85337056 0.838979447 0.84191963 0.844635282 0.847100992 0.852154831 0.844568688 0.841740171 0.838441215 0.834653344 0.830355299 0.825531598 0.830152465 0.825692649 0.8166 0.80678654 0.82276347 0.7890086 0.78115917 0.77265546 0.76347393 0.76939958 CTwCCS 0.01691276 2% 25% 50%
Solar, Chicago ‐ Low (By Year) ‐0.033904843 ‐0.020240743 ‐0.015947874 ‐0.004489285 ‐0.006305138 ‐0.007688802 ‐0.009501328 ‐0.01075597 ‐0.011751815 ‐0.01260666 ‐0.013436982 ‐0.014391113 0.002940183 0.002715652 0.00246571 0.005053839 ‐0.007586143 ‐0.002828517 ‐0.003298956 ‐0.003787871 ‐0.004298045 ‐0.004823701 0.004620867 ‐0.004459816 ‐0.0090927 ‐0.0098134 0.01597693 ‐0.0337549 ‐0.0078494 ‐0.0085037 ‐0.0091815 0.00592565 CHP 0.01691276 2% 25% 50%
NGCT ‐ Mid ‐ Mid (Cap Ex, $ Nominal) 935.3062561 948.0189769 977.4705525 999.3011468 1019.109187 1038.989424 1055.6659 1069.85641 1082.60528 1100.17859 1117.553031 1136.066418 1154.527079 1174.232151 1193.149106 1212.698873 1232.898429 1253.942611 1276.481089 1297.255122 1318.927205 1340.773711 1362.994251 1386.486993 1409.722652 1434.1891 1457.51133 1481.70959 1505.09463 1529.74132 1557.04166 1584.77632 1599.67648 0.01691276 MT 0.01691276 2% 25% 50%
NGCT ‐ Mid ‐ Mid (Series) 1 1.013592041 1.045080738 1.068421322 1.089599455 1.110854778 1.128684742 1.143856788 1.157487478 1.176276308 1.194852513 1.214646444 1.234384002 1.255452044 1.275677457 1.296579452 1.318176181 1.340675958 1.364773389 1.386984331 1.41015544 1.433513037 1.457270537 1.482388238 1.507231073 1.5333899 1.55832523 1.58419724 1.60919979 1.63555125 1.66473992 1.69439295 1.71032373 RICE 0.01691276 2% 25% 50%
NGCT ‐ Mid ‐ Mid (By Year) 0.013592041 0.031488697 0.023340584 0.021178133 0.021255323 0.017829963 0.015172046 0.01363069 0.01878883 0.018576205 0.019793931 0.019737557 0.021068042 0.020225413 0.020901995 0.021596729 0.022499778 0.024097431 0.022210942 0.023171109 0.023357597 0.023757501 0.0251177 0.024842835 0.0261588 0.02493536 0.02587202 0.02500254 0.02635146 0.02918867 0.02965303 0.01593078 SolarTr 0.00633126 2% 25% 50%
NGCC ‐ Mid ‐ Mid (Cap Ex, $ Nominal) 1098.219874 1115.388772 1143.734682 1169.372913 1192.744098 1216.40918 1236.538517 1254.230164 1270.167214 1291.30184 1312.390571 1334.447673 1356.448484 1379.943201 1402.573892 1425.975699 1449.938081 1474.860158 1501.55949 1526.16387 1551.949451 1577.931031 1604.382968 1632.322514 1659.929041 1689.0482 1716.96351 1745.80888 1773.85423 1803.4308 1835.66219 1868.22736 1885.65793 0.01703682 SolarFix 0.00633126 2% 25% 50%
NGCC ‐ Mid ‐ Mid (Series) 1 1.015633389 1.041444167 1.064789429 1.0860704 1.107618983 1.125948042 1.142057428 1.156569139 1.175813579 1.195016228 1.215100641 1.235133798 1.256527253 1.277133956 1.29844281 1.320262104 1.342955262 1.367266725 1.389670599 1.413150033 1.436807937 1.460894131 1.486334889 1.511472411 1.5379873 1.56340597 1.58967155 1.61520864 1.64214001 1.67148877 1.70114146 1.71701311 0 Empty Empty Empty Empty
NGCC ‐ Mid ‐ Mid (By Year) 0.015633389 0.025810778 0.023345262 0.021280971 0.021548583 0.018329059 0.016109385 0.014511711 0.01924444 0.019202649 0.020084414 0.020033157 0.021393455 0.020606703 0.021308854 0.021819294 0.022693158 0.024311463 0.022403875 0.023479434 0.023657904 0.024086193 0.025440758 0.025137523 0.0265148 0.02541872 0.02626557 0.02553709 0.02693137 0.02934876 0.02965269 0.01587165
NGCC w/CCS ‐ Mid ‐ Mid (Cap Ex, $ Nominal) 2281.429489 2311.571669 2364.635707 2409.844844 2449.731704 2489.248288 2520.537028 2545.101129 2565.963958 2598.389187 2629.77624 2663.875312 2697.473142 2733.557155 2767.334917 2802.146554 2838.316459 2876.063568 2916.776002 2953.048139 2990.744136 3028.395931 3066.382023 3106.763922 3146.126329 3187.6208 3225.80364 3265.57992 3302.74526 3342.04812 3387.47826 3433.62924 3451.52392 0.01302198
NGCC w/CCS ‐ Mid ‐ Mid (Series) 1 1.013211971 1.036471089 1.056287234 1.073770509 1.091091485 1.104806018 1.115572996 1.124717626 1.138930306 1.152687933 1.167634295 1.182360952 1.198177357 1.212982883 1.228241577 1.244095631 1.260641007 1.278486149 1.294385013 1.310907986 1.327411584 1.344061711 1.361761973 1.37901537 1.3972033 1.41393966 1.43137447 1.44766484 1.46489214 1.48480515 1.50503413 1.51287775
NGCC w/CCS ‐ Mid ‐ Mid (By Year) 0.013211971 0.023259118 0.019816145 0.017483276 0.017320975 0.013714533 0.010766978 0.00914463 0.014212681 0.013757626 0.014946362 0.014726657 0.015816405 0.014805526 0.015258695 0.015854053 0.016545376 0.017845143 0.015898864 0.016522973 0.016503598 0.016650128 0.017700262 0.017253397 0.0181879 0.01673636 0.01743481 0.01629037 0.01722729 0.01991302 0.02022898 0.00784362
Nuclear ‐ Mid ‐ Mid (Cap Ex, $ Nominal) 6424.126426 6530.110067 6701.773217 6870.517462 7032.487075 7164.78639 7281.760459 7397.566352 7500.32731 7619.37246 7742.751083 7860.169213 7976.545258 8101.688365 8222.621954 8347.883495 8469.613259 8594.997064 8730.249193 8851.724573 8982.538753 9113.129654 9246.179675 9386.353821 9522.586881 9668.0465 9809.35602 9951.89668 10092.9697 10242.6441 10393.0462 10539.0698 10598.5069 0.01576842
Nuclear ‐ Mid ‐ Mid (Series) 1 1.016497751 1.043219385 1.069486652 1.094699358 1.115293491 1.133502048 1.151528762 1.167524861 1.186055808 1.205261318 1.223538998 1.241654464 1.26113464 1.279959548 1.299458158 1.318407001 1.337924644 1.358978422 1.377887667 1.398250619 1.418578815 1.439289806 1.46110976 1.482316232 1.5049589 1.52695563 1.54914397 1.57110384 1.59440263 1.61781471 1.6405452 1.64979737
Nuclear ‐ Mid ‐ Mid (By Year) 0.016497751 0.026721633 0.026267267 0.025212706 0.020594133 0.018208557 0.018026715 0.015996098 0.018530947 0.01920551 0.018277681 0.018115466 0.019480175 0.018824908 0.019498611 0.018948843 0.019517643 0.021053778 0.018909245 0.020362952 0.020328196 0.02071099 0.021819954 0.021206473 0.0226427 0.02199669 0.02218833 0.02195987 0.02329879 0.02341208 0.02273049 0.00925217
Dedicated Biomass ‐ Mid ‐ Mid (Cap Ex, $ Nominal) 4132.136026 4195.276401 4275.76967 4326.985638 4411.192393 4500.121753 4579.695989 4658.794685 4729.931403 4811.596592 4896.27978 4977.477595 5058.298614 5144.974125 5229.280186 5316.646466 5402.077497 5490.159798 5584.88331 5671.133274 5763.707965 5856.495865 5951.228133 6050.926036 6148.473486 6252.3825 6354.02065 6456.87714 6559.20684 6667.56807 6776.86193 6883.76705 6934.48528 0.01631009
Dedicated Biomass ‐ Mid ‐ Mid (Series) 1 1.015280324 1.034760144 1.047154695 1.0675332 1.089054602 1.108312011 1.127454338 1.144669821 1.164433252 1.184927057 1.204577382 1.22413652 1.245112478 1.265515015 1.286658143 1.30733293 1.328649339 1.351572958 1.372445931 1.394849523 1.417304713 1.440230451 1.464357901 1.487964928 1.5131115 1.53770849 1.56260033 1.58736469 1.61358872 1.64003844 1.66591008 1.67818417
Dedicated Biomass ‐ Mid ‐ Mid (By Year) 0.015280324 0.019479821 0.012394551 0.020378505 0.021521402 0.01925741 0.019142326 0.017215483 0.019763432 0.020493805 0.019650325 0.019559138 0.020975958 0.020402537 0.021143128 0.020674787 0.021316409 0.022923619 0.020872973 0.022403592 0.02245519 0.022925738 0.024127449 0.023607028 0.0251466 0.02459699 0.02489185 0.02476436 0.02622402 0.02644972 0.02587164 0.01227409
Coal w/CCS ‐ Mid ‐ Mid (Cap Ex, $ Nominal) 6280.201843 6368.584182 6520.355542 6668.473363 6794.025405 6926.650466 7044.679531 7161.787683 7266.472589 7387.143359 7512.2439 7631.791009 7750.555679 7878.07631 8001.751579 8129.887877 8254.837102 8383.607867 8522.278305 8647.774844 8782.672162 8917.638294 9055.308773 9200.261273 9341.668033 9492.4525 9639.49765 9788.09322 9935.59039 10091.9101 10249.3192 10402.7897 10471.0911 0.01610379
Coal w/CCS ‐ Mid ‐ Mid (Series) 1 1.014073168 1.038239806 1.061824688 1.081816409 1.10293437 1.121728203 1.140375399 1.157044434 1.176258907 1.196178736 1.215214288 1.234125251 1.254430432 1.274123313 1.294526526 1.31442226 1.3349265 1.35700707 1.376989953 1.398469728 1.419960459 1.441881805 1.464962672 1.487478948 1.5114884 1.53490252 1.55856348 1.58204953 1.60694041 1.63200474 1.65644194 1.66731761
Coal w/CCS ‐ Mid ‐ Mid (By Year) 0.014073168 0.024166637 0.023584882 0.019991721 0.021117962 0.018793833 0.018647196 0.016669035 0.019214473 0.019919828 0.019035552 0.018910964 0.02030518 0.019692881 0.020403213 0.019895734 0.02050424 0.02208057 0.019982883 0.021479774 0.021490732 0.021921346 0.023080867 0.022516276 0.0240095 0.02341409 0.02366095 0.02348606 0.02489088 0.02506434 0.02443719 0.01087567
IGCC ‐ Mid ‐ Mid (Cap Ex, $ Nominal) 4397.70021 4456.773459 4560.083274 4660.686734 4748.989249 4838.442898 4913.814697 4979.746264 5038.43035 5117.06839 5195.456725 5277.099962 5358.283841 5445.144005 5528.390032 5614.435223 5702.260308 5793.563824 5891.578865 5981.07593 6075.003355 6169.394692 6265.342397 6366.776379 6466.572072 6571.9649 6672.41394 6776.07924 6876.37357 6982.26551 7097.84409 7214.25781 7271.92928 0.01584103
IGCC ‐ Mid ‐ Mid (Series) 1 1.013432759 1.036924541 1.059800921 1.07988017 1.100221176 1.117360089 1.132352372 1.145696639 1.163578267 1.181403114 1.199968099 1.21842863 1.2381799 1.257109345 1.276675297 1.296645982 1.317407633 1.339695428 1.360046307 1.381404613 1.402868408 1.424686108 1.447751342 1.470444042 1.4944095 1.51725075 1.54082337 1.56362945 1.58770839 1.61398998 1.64046148 1.65357549
IGCC ‐ Mid ‐ Mid (By Year) 0.013432759 0.023491782 0.02287638 0.020079248 0.020341007 0.017138912 0.014992283 0.013344267 0.017881628 0.017824847 0.018564985 0.018460531 0.01975127 0.018929445 0.019565952 0.019970685 0.020761651 0.022287795 0.020350879 0.021358306 0.021463795 0.0218177 0.023065233 0.0226927 0.0239654 0.02284127 0.02357262 0.02280609 0.02407894 0.02628159 0.0264715 0.01311401

Production Tax Credit (PTC) Rate ($/MWh) 24.00 24.49 24.99 25.49 26.01 26.54 27.08 27.63 28.19 28.77 29.35 29.95 30.56 31.18 31.81 32.46 33.12 33.79 34.48 35.18 35.90 36.63 37.37

PTC Phase Out (Year Project In‐Svc) PTC %
2020 100%
2021 80%
2022 60%
2023 40%

NREL Capital Deescalation/Escalation Assumptions 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
TRG 7 Wind ‐ Mid (Cap Ex, $2016) 1666.213473 1665.266934 1664.48069 1663.854741 1663.389087 1663.083729 1662.938666 1662.953898 1663.129425 1663.465248 1663.961366 1664.617779 1665.434487 1666.411491 1667.54879 1668.846384 1670.304274 1671.922458 1673.700938 1675.639714 1677.738784 1679.99815 1682.417811 1684.997767 1687.738019 1690.6386 1693.69941 1696.92054 1700.30198 1703.8437 1707.54573 1711.40805 1715.43066
TRG 7 Wind ‐ Mid (Series) 1 0.999431922 0.998960047 0.998584376 0.998304907 0.998121643 0.998034581 0.998043723 0.998149068 0.998350616 0.998648368 0.999042323 0.999532481 1.000118843 1.000801408 1.001580176 1.002455148 1.003426323 1.004493701 1.005657282 1.006917067 1.008273055 1.009725247 1.011273642 1.01291824 1.014659 1.01649605 1.01842925 1.02045867 1.02258428 1.0248061 1.02712412 1.02953834
TRG 7 Wind ‐ Mid (By Year) ‐0.000568078 ‐0.000471875 ‐0.000375671 ‐0.000279468 ‐0.000183265 ‐8.70615E‐05 9.14177E‐06 0.000105345 0.000201548 0.000297752 0.000393955 0.000490158 0.000586362 0.000682565 0.000778768 0.000874972 0.000971175 0.001067378 0.001163582 0.001259785 0.001355988 0.001452191 0.001548395 0.001644598 0.0017408 0.001837 0.00193321 0.00202941 0.00212561 0.00222182 0.00231802 0.00241422
TRG 7 Wind ‐ Low (Cap Ex, $2016) 1658.771327 1649.261004 1626.811685 1557.091894 1486.508873 1414.883971 1342.217187 1268.508522 1193.757975 1117.965546 993.2810047 953.3638057 921.3497353 897.2387934 881.0309802 881.3292258 881.6274713 881.9257168 882.2239623 882.5222078 882.8204533 883.1186988 883.4169444 883.7151899 884.0134354 884.31168 884.609926 884.908172 885.206417 885.504663 885.802908 886.101154 886.399399
TRG 7 Wind ‐ Low (Series) 1 0.994266646 0.980732943 0.938701959 0.896150572 0.852971081 0.809163485 0.764727784 0.71966398 0.673972071 0.598805265 0.574740948 0.555441079 0.540905656 0.531134681 0.53131448 0.531494279 0.531674079 0.531853878 0.532033677 0.532213476 0.532393275 0.532573074 0.532752873 0.532932672 0.5331125 0.53329227 0.53347207 0.53365187 0.53383167 0.53401147 0.53419127 0.53437106
TRG 7 Wind ‐ Low (By Year) ‐0.005733354 ‐0.013533703 ‐0.042030984 ‐0.042551387 ‐0.043179491 ‐0.043807596 ‐0.0444357 ‐0.045063805 ‐0.045691909 ‐0.075166805 ‐0.024064317 ‐0.01929987 ‐0.014535422 ‐0.009770975 0.000179799 0.000179799 0.000179799 0.000179799 0.000179799 0.000179799 0.000179799 0.000179799 0.000179799 0.000179799 0.0001798 0.0001798 0.0001798 0.0001798 0.0001798 0.0001798 0.0001798 0.0001798
Solar, Chicago ‐ Mid (Cap Ex, $2016) 1064.643981 1024.468736 964.2058693 913.9868136 903.667766 893.3487183 883.0296707 872.710623 862.3915754 852.0725278 841.7534801 831.4344325 821.1153849 814.019326 806.9232671 799.8272082 792.7311493 785.6350905 778.5390316 771.4429727 764.3469138 757.2508549 750.154796 742.0450145 733.9352329 725.82545 717.71567 709.605888 701.496107 693.386325 685.276543 677.166762 669.05698
Solar, Chicago ‐ Mid (Series) 1 0.962264151 0.905660377 0.858490566 0.848798079 0.839105593 0.829413106 0.819720619 0.810028132 0.800335646 0.790643159 0.780950672 0.771258186 0.764592991 0.757927797 0.751262603 0.744597409 0.737932215 0.73126702 0.724601826 0.717936632 0.711271438 0.704606244 0.696988879 0.689371514 0.6817541 0.67413678 0.66651942 0.65890205 0.65128469 0.64366733 0.63604996 0.6284326
Solar, Chicago ‐ Mid (By Year) ‐0.037735849 ‐0.056603774 ‐0.047169811 ‐0.009692487 ‐0.009692487 ‐0.009692487 ‐0.009692487 ‐0.009692487 ‐0.009692487 ‐0.009692487 ‐0.009692487 ‐0.009692487 ‐0.006665194 ‐0.006665194 ‐0.006665194 ‐0.006665194 ‐0.006665194 ‐0.006665194 ‐0.006665194 ‐0.006665194 ‐0.006665194 ‐0.006665194 ‐0.007617365 ‐0.007617365 ‐0.0076174 ‐0.0076174 ‐0.0076174 ‐0.0076174 ‐0.0076174 ‐0.0076174 ‐0.0076174 ‐0.0076174
Solar, Chicago ‐ Low (Cap Ex, $2016) 940.5077225 893.3459176 851.7232024 816.3140501 793.1940021 770.0739542 746.9539062 723.8338582 700.7138103 677.5937623 654.4737143 631.3536664 608.2336184 598.0963914 587.9591645 577.8219375 569.5838444 553.1638789 540.2280709 527.2922628 514.3564548 501.4206467 488.4848387 481.3431388 469.1315013 454.63701 440.142524 439.834143 413.309065 400.970096 388.631127 376.292157 371.588407
Solar, Chicago ‐ Low (Series) 1 0.949854952 0.905599372 0.867950396 0.843367878 0.81878536 0.794202842 0.769620324 0.745037806 0.720455288 0.69587277 0.671290252 0.646707734 0.635929272 0.62515081 0.614372348 0.60561315 0.588154532 0.574400463 0.560646394 0.546892325 0.533138256 0.519384187 0.511790735 0.498806645 0.4833953 0.46798395 0.46765607 0.43945313 0.42633366 0.41321418 0.4000947 0.39509341
Solar, Chicago ‐ Low (By Year) ‐0.050145048 ‐0.04425558 ‐0.037648976 ‐0.024582518 ‐0.024582518 ‐0.024582518 ‐0.024582518 ‐0.024582518 ‐0.024582518 ‐0.024582518 ‐0.024582518 ‐0.024582518 ‐0.010778462 ‐0.010778462 ‐0.010778462 ‐0.008759198 ‐0.017458619 ‐0.013754069 ‐0.013754069 ‐0.013754069 ‐0.013754069 ‐0.013754069 ‐0.007593452 ‐0.012984091 ‐0.0154113 ‐0.0154113 ‐0.0003279 ‐0.0282029 ‐0.0131195 ‐0.0131195 ‐0.0131195 ‐0.0050013
NGCT ‐ Mid ‐ Mid (Cap Ex, $2016) 895.4880489 892.4016653 896.0277398 893.0133347 889.2136775 886.173296 880.7319492 874.055483 866.5543157 862.9441772 858.9764497 855.6228262 852.0533956 849.1767658 845.5051448 842.0839674 838.8997025 836.0650848 833.9827487 830.5155407 827.4132511 824.20895 821.02239 818.3824593 815.3675903 812.84072 809.45035 806.344487 802.602648 799.344578 797.251827 795.138017 786.476875
NGCT ‐ Mid ‐ Mid (Series) 1 0.996553406 1.000602678 0.997236463 0.99299335 0.989598127 0.983521723 0.97606605 0.967689426 0.96365795 0.959227151 0.955482128 0.951496111 0.948283751 0.944183617 0.940363155 0.936807257 0.933641812 0.931316448 0.927444584 0.923980227 0.920401954 0.916843492 0.913895457 0.910528724 0.9077069 0.90392089 0.90045254 0.89627399 0.89263567 0.89029868 0.88793817 0.87826619
NGCT ‐ Mid ‐ Mid (By Year) ‐0.003446594 0.004049272 ‐0.003366215 ‐0.004243113 ‐0.003395223 ‐0.006076404 ‐0.007455673 ‐0.008376625 ‐0.004031476 ‐0.004430799 ‐0.003745023 ‐0.003986017 ‐0.00321236 ‐0.004100134 ‐0.003820461 ‐0.003555899 ‐0.003165444 ‐0.002325365 ‐0.003871864 ‐0.003464356 ‐0.003578273 ‐0.003558462 ‐0.002948036 ‐0.003366733 ‐0.0028218 ‐0.0037861 ‐0.0034683 ‐0.0041785 ‐0.0036383 ‐0.002337 ‐0.0023605 ‐0.009672
NGCC ‐ Mid ‐ Mid (Cap Ex, $2016) 1051.466047 1049.952397 1048.438748 1044.995903 1040.717108 1037.497888 1031.632241 1024.685875 1016.685307 1012.855016 1008.732975 1005.032691 1001.073563 997.9421052 993.910514 990.1809105 986.5797512 983.3616564 981.036634 977.0651822 973.5969782 969.9958074 966.4269224 963.4883848 960.0841274 957.28456 953.54093 950.066987 945.920658 942.357123 939.913856 937.355372 927.078926
NGCC ‐ Mid ‐ Mid (Series) 1 0.998560439 0.997120877 0.99384655 0.989777188 0.986715539 0.981136998 0.974530636 0.96692167 0.963278861 0.959358581 0.955839414 0.952074074 0.949095891 0.945261634 0.941714583 0.93828969 0.935229111 0.933017891 0.92924083 0.925942384 0.922517479 0.91912328 0.916328575 0.913090946 0.9104284 0.90686802 0.90356411 0.89962073 0.89623162 0.89390795 0.89147469 0.88170125
NGCC ‐ Mid ‐ Mid (By Year) ‐0.001439561 ‐0.001439561 ‐0.003274328 ‐0.004069361 ‐0.003061649 ‐0.005578541 ‐0.006606362 ‐0.007608965 ‐0.00364281 ‐0.00392028 ‐0.003519166 ‐0.00376534 ‐0.002978183 ‐0.003834257 ‐0.003547051 ‐0.003424894 ‐0.003060579 ‐0.00221122 ‐0.003777061 ‐0.003298446 ‐0.003424905 ‐0.003394199 ‐0.002794705 ‐0.003237629 ‐0.0026625 ‐0.0035604 ‐0.0033039 ‐0.0039434 ‐0.0033891 ‐0.0023237 ‐0.0024333 ‐0.0097734
NGCC w/CCS ‐ Mid ‐ Mid (Cap Ex, $2016) 2184.30362 2175.958981 2167.614342 2153.52858 2137.489256 2123.125904 2102.859901 2079.306696 2053.885367 2038.091669 2021.305295 2006.284567 1990.764177 1976.843524 1961.025574 1945.777918 1931.272502 1917.612743 1905.661501 1890.570583 1876.207664 1861.634822 1847.086513 1833.786478 1819.68378 1806.6153 1791.49748 1777.12446 1761.21291 1746.33973 1734.49003 1722.77255 1696.93296
NGCC w/CCS ‐ Mid ‐ Mid (Series) 1 0.996179726 0.992359451 0.985910823 0.978567831 0.971992119 0.962714103 0.951931168 0.940292983 0.933062441 0.925377441 0.918500775 0.911395356 0.905022317 0.897780673 0.890800116 0.884159365 0.877905766 0.872434346 0.865525546 0.858950032 0.852278413 0.845618025 0.839529111 0.83307273 0.8270898 0.82016871 0.81358857 0.80630408 0.79949496 0.79407002 0.78870562 0.77687595
NGCC w/CCS ‐ Mid ‐ Mid (By Year) ‐0.003820274 ‐0.003820274 ‐0.006448628 ‐0.007342992 ‐0.006575712 ‐0.009278016 ‐0.010782935 ‐0.011638185 ‐0.007230542 ‐0.007685 ‐0.006876667 ‐0.007105418 ‐0.006373039 ‐0.007241645 ‐0.006980557 ‐0.006640751 ‐0.006253599 ‐0.00547142 ‐0.0069088 ‐0.006575514 ‐0.006671619 ‐0.006660388 ‐0.006088913 ‐0.006456382 ‐0.0059829 ‐0.0069211 ‐0.0065801 ‐0.0072845 ‐0.0068091 ‐0.0054249 ‐0.0053644 ‐0.0118297
Nuclear ‐ Mid ‐ Mid (Cap Ex, $2016) 6150.636117 6147.00891 6143.381704 6139.754497 6136.12729 6110.978827 6075.103006 6043.692753 6003.518662 5976.387067 5951.253007 5919.847719 5886.776148 5858.94835 5826.82343 5796.673033 5762.969502 5730.706401 5703.866107 5666.961491 5635.088552 5602.081067 5569.591018 5540.352966 5507.75623 5479.4599 5447.7701 5415.80959 5382.14943 5352.14804 5321.55001 5287.82195 5210.72896
Nuclear ‐ Mid ‐ Mid (Series) 1 0.999410271 0.998820543 0.998230814 0.997641085 0.993552327 0.987719463 0.982612634 0.976080937 0.971669751 0.967583335 0.962477312 0.957100377 0.952576 0.947352976 0.94245098 0.936971297 0.931725807 0.927361983 0.921361853 0.916179798 0.910813282 0.905530893 0.90077723 0.895477496 0.8908769 0.88572466 0.88052837 0.87505574 0.87017797 0.86520319 0.85971952 0.84718537
Nuclear ‐ Mid ‐ Mid (By Year) ‐0.000589729 ‐0.000589729 ‐0.000589729 ‐0.000589729 ‐0.004088758 ‐0.005832864 ‐0.00510683 ‐0.006531697 ‐0.004411185 ‐0.004086416 ‐0.005106023 ‐0.005376935 ‐0.004524377 ‐0.005223024 ‐0.004901996 ‐0.005479682 ‐0.00524549 ‐0.004363824 ‐0.00600013 ‐0.005182056 ‐0.005366516 ‐0.005282388 ‐0.004753663 ‐0.005299734 ‐0.0046006 ‐0.0051523 ‐0.0051963 ‐0.0054726 ‐0.0048778 ‐0.0049748 ‐0.0054837 ‐0.0125341
Dedicated Biomass ‐ Mid ‐ Mid (Cap Ex, $2016) 3956.221188 3949.152641 3919.512688 3866.75817 3848.942449 3838.237075 3820.796499 3806.160342 3785.998967 3774.05932 3763.391003 3748.762729 3733.078754 3720.722929 3705.641883 3691.817359 3675.729565 3660.559004 3648.856512 3630.71553 3615.793448 3600.142416 3584.821832 3571.59624 3556.207317 3543.5989 3528.79879 3513.82437 3497.74471 3484.0429 3469.95568 3453.82802 3409.32206
Dedicated Biomass ‐ Mid ‐ Mid (Series) 1 0.998213309 0.990721323 0.97738675 0.972883534 0.970177574 0.965769182 0.962069652 0.956973533 0.953955591 0.951258998 0.947561461 0.943597078 0.94047394 0.936661958 0.933167582 0.929101127 0.925266518 0.922308521 0.917723089 0.913951288 0.909995232 0.906122702 0.902779716 0.898889912 0.8957029 0.89196196 0.88817693 0.88411253 0.88064917 0.87708839 0.87301186 0.86176225
Dedicated Biomass ‐ Mid ‐ Mid (By Year) ‐0.001786691 ‐0.007491986 ‐0.013334572 ‐0.004503217 ‐0.00270596 ‐0.004408392 ‐0.003699529 ‐0.005096119 ‐0.003017942 ‐0.002696593 ‐0.003697537 ‐0.003964383 ‐0.003123138 ‐0.003811982 ‐0.003494376 ‐0.004066455 ‐0.003834609 ‐0.002957998 ‐0.004585432 ‐0.003771802 ‐0.003956056 ‐0.00387253 ‐0.003342986 ‐0.003889804 ‐0.003187 ‐0.003741 ‐0.003785 ‐0.0040644 ‐0.0034634 ‐0.0035608 ‐0.0040765 ‐0.0112496
Coal w/CCS ‐ Mid ‐ Mid (Cap Ex, $2016) 6012.838745 5994.959244 5977.079743 5959.200242 5928.05991 5907.868293 5877.308658 5851.065372 5816.33334 5794.23414 5774.079991 5747.8458 5719.99341 5697.237429 5670.307335 5645.299416 5616.829601 5589.762848 5567.989332 5536.390861 5509.70463 5481.907374 5454.616737 5430.510698 5403.11482 5379.9402 5353.43675 5326.66795 5298.22577 5273.38415 5247.95749 5219.44545 5148.08533
Coal w/CCS ‐ Mid ‐ Mid (Series) 1 0.997026446 0.994052892 0.991079338 0.985900364 0.982542281 0.977459883 0.973095341 0.96731903 0.963643694 0.960291841 0.955928812 0.951296659 0.947512094 0.943033328 0.938874242 0.934139404 0.929637911 0.92601674 0.920761573 0.916323365 0.911700381 0.907161653 0.903152559 0.898596328 0.8947421 0.89033433 0.88588239 0.88115215 0.87702072 0.87279199 0.86805013 0.85618217
Coal w/CCS ‐ Mid ‐ Mid (By Year) ‐0.002973554 ‐0.002973554 ‐0.002973554 ‐0.005178973 ‐0.003358084 ‐0.005082397 ‐0.004364542 ‐0.005776312 ‐0.003675336 ‐0.003351853 ‐0.004363029 ‐0.004632153 ‐0.003784565 ‐0.004478766 ‐0.004159087 ‐0.004734838 ‐0.004501493 ‐0.003621171 ‐0.005255167 ‐0.004438208 ‐0.004622984 ‐0.004538728 ‐0.004009095 ‐0.00455623 ‐0.0038542 ‐0.0044078 ‐0.0044519 ‐0.0047302 ‐0.0041314 ‐0.0042287 ‐0.0047419 ‐0.011868
IGCC ‐ Mid ‐ Mid (Cap Ex, $2016) 4210.479675 4195.308484 4180.137293 4164.966102 4143.683767 4126.797437 4099.548537 4068.372621 4032.932081 4013.661428 3993.345147 3974.421838 3954.471076 3937.798647 3917.60107 3898.598402 3879.98262 3862.85336 3849.234571 3829.14388 3811.080899 3792.489574 3774.033814 3758.028844 3740.191931 3724.7253 3705.62319 3687.53375 3666.87617 3648.48358 3634.30813 3619.64686 3575.22555
IGCC ‐ Mid ‐ Mid (Series) 1 0.996396802 0.992793605 0.989190407 0.984135796 0.980125248 0.973653563 0.966249201 0.957831979 0.953255149 0.948429978 0.943935643 0.939197284 0.935237539 0.930440561 0.925927377 0.92150608 0.917437836 0.914203337 0.909431745 0.90514174 0.900726251 0.89634296 0.892541737 0.888305424 0.8846321 0.88009526 0.87579897 0.87089274 0.86652445 0.86315774 0.85967565 0.84912547
IGCC ‐ Mid ‐ Mid (By Year) ‐0.003603198 ‐0.003603198 ‐0.003603198 ‐0.005054611 ‐0.004010548 ‐0.006471685 ‐0.007404362 ‐0.008417221 ‐0.004576831 ‐0.00482517 ‐0.004494335 ‐0.004738359 ‐0.003959746 ‐0.004796978 ‐0.004513184 ‐0.004421297 ‐0.004068244 ‐0.003234498 ‐0.004771592 ‐0.004290005 ‐0.004415489 ‐0.004383292 ‐0.003801222 ‐0.004236314 ‐0.0036734 ‐0.0045368 ‐0.0042963 ‐0.0049062 ‐0.0043683 ‐0.0033667 ‐0.0034821 ‐0.0105502

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
2016 Base Year ‐ DTE Deflator Series (year to year change) 1 1.021303545 1.022678688 1.017097563 1.026893887 1.025784693 1.024179646 1.023005304 1.022328044 1.021183406 1.020675898 1.020483848 1.020484463 1.020550446 1.020506915 1.020513026 1.02052254 1.020514335 1.020515684 1.020517168 1.020515826 1.020517162 1.020518128 1.020515971 1.020518455 1.0205175 1.02051818 1.02051818 1.02051818 1.02051818 1.02051818 1.02051818 1.02051818 1.02051818 1.02051818
2016 Base Year ‐ DTE Deflator Series  1.000 1.021 1.044 1.062 1.091 1.119 1.146 1.172 1.199 1.224 1.249 1.275 1.301 1.328 1.355 1.383 1.411 1.440 1.470 1.500 1.531 1.562 1.594 1.627 1.660 1.694 1.729 1.764 1.801 1.838 1.875 1.914 1.953 1.993 2.034

2018 Base Year ‐ PACE Deflator Series (year to year change) 1 1.016617791 1.026923077 1.026217228 1.023722628 1.023172906 1.022648084 1.02044293 1.020868114 1.020441537 1.020833333 1.020408163 1.020769231 1.020346647 1.020679468 1.020260492 1.020567376 1.020847811 1.020422056 1.020013342 1.020928712 1.02049968 1.020087884 1.0209231 1.02049427 1.02049427 1.02049427 1.02049427 1.02049427 1.02049427 1.02049427 1.02049427 1.02049427
2018 Base Year ‐ PACE Deflator Series  1 1.016617791 1.044 1.071 1.097 1.122 1.148 1.171 1.196 1.220 1.245 1.271 1.297 1.324 1.351 1.378 1.407 1.436 1.465 1.495 1.526 1.557 1.588 1.622 1.655 1.689 1.723 1.759 1.795 1.832 1.869 1.907 1.947

Annual 2017$
Year Annual Deflator Values

2015 0.971

2016 0.983

2017 1.000 Base Year 2018
2018 1.023 1
2019 1.040 1.016617791
2020 1.068 1.026923077
2021 1.096 1.026217228
2022 1.122 1.023722628
2023 1.148 1.023172906
2024 1.174 1.022648084
2025 1.198 1.02044293
2026 1.223 1.020868114
2027 1.248 1.020441537
2028 1.274 1.020833333
2029 1.300 1.020408163
2030 1.327 1.020769231
2031 1.354 1.020346647
2032 1.382 1.020679468
2033 1.410 1.020260492
2034 1.439 1.020567376
2035 1.469 1.020847811
2036 1.499 1.020422056
2037 1.529 1.020013342
2038 1.561 1.020928712
2039 1.593 1.02049968
2040 1.625 1.020087884
2041 1.659 1.020923077
2042 1.693 1.020494274

PACE Deflator Forecast

Technology Specific capital escalation below (Rows 123:156)
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A B C D E F G H I J K L M N O P Q R S T U V W X Y
Scenario Selector
REF

1 Technologies PCwCCS AdvNuc CCwCCS AdvCC CTwCCS AdvCT IGCCwCCS CHP MT RICE Wind SolarTr SolarFix Bio DTECC placeholder1 placeholder2 placeholder3
2 Fuel Type Coal Nuclear CC CC CT CT Coal CT CT CT Renewables Renewables Renewables Wood CC 0.00 0.00 0.00
3 Year in service (In service "future") 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024 2024
4 Current year 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018
5
6 Plant data
7 Capacity (MW) 650.00 2234.00 340.00 429.00 970.00 237.00 500.00 20.30 1.00 85.00 150.00 50.00 50.00 50.00 1086.00 0.00 0.00 0.00
8 Capacity Factor w Multiplier 80% 90% 80% 80% 17% 17% 80% 93% 95% 80% 35% 23% 19% 83% 80% 0% 0% 0%
9 Availability factor 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

10 Heat rate (Btu/kWh) 11,650  10,460  7,525  6,300  7,500  9,800  10,250  10,265  12,824  8,500  -  - -  13,500  6,300  -  - -  
11 Heat rate degradation 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% 0.0% 0.0%
12 Economic/useful life 40 40 30 30 30 30 30 30 20 30 30 30 30 25 30 -  - -  
13
14 Cost data
15 Cost in millions ($) $3,412.52 $11,765.15 $673.38 $486.26 $2,073.70 $157.11 $2,607.13 $34.22 $2.78 $118.96 $256.80 $71.70 $67.05 $185.00 $918.76 $0.00 $0.00 $0.00
16 Cost w Cost Multiplier in thousands ($/kW) 5.25  5.27  1.98  1.13  2.14  0.66  5.21  1.69  2.78  1.40  1.71  1.43  1.34  3.70  0.85  -  - -  
17 Cost escalation 1.61% 1.58% 1.30% 1.70% 1.69% 1.69% 1.58% 1.69% 1.69% 1.69% 2.20% 0.63% 0.63% 1.63% 1.70% Empty Empty Empty
18 Construction period (yr) 6 6 3 3 3 3 6 3 3 3 3 1 1 4 3 0 0 0
19 *selector Fuel Name Coal DTE Nuclear DTE CC DTE CC DTE CT DTE CT DTE Coal DTE CT DTE CT DTE CT DTE Renewables DTE Renewables DTE Renewables DTE Biomass DTE CC DTE #N/A #N/A #N/A
20 Fixed O&M ($/kW-yr) $84 $104 $53 $29 $28 $7 $108 $7 $6 $7 $53 $25 $21 $108 $27 $0 $0 $0
21 Fixed O&M w Cost Multiplier ($/kW-yr) $84 $104 $35 $10 $28 $7 $108 $7 $6 $7 $53 $25 $21 $108 $8 $0 $0 $0
22 Firm Pipeline Charge ($/kW-yr) -  - 18.62  18.62  -  - -  - -  - -  - -  - 18.62  -  - -  
23 Fixed O&M escalation 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13%
24 Variable O&M w Cost Multiplier ($/MWh) 9.92  2.37  7.37  2.07  4.17  11.06  6.57  10.33  6.00  6.10  -  - -  5.00  2.47  -  - -  
25 Variable O&M escalation 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13% 2.13%
26 Insurance (% original cost) 0.035% 0.035% 0.035% 0.035% 0.035% 0.035% 0.035% 0.035% 0.035% 0.035% 0.000% 0.000% 0.000% 0.035% 0.035% 0.035% 0.035% 0.035%
27
28 Financial assumptions
29 Equity/capitalization 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00%
30 Cost of debt 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42% 4.42%
31 Cost of equity 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00%
32 WACC 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64% 6.64%
33 AFUDC equity/capitalization 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00%
34 AFUDC debt 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34%
35 AFUDC equity 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34%
36 AFUDC rate 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34% 5.34%
37
38 Tax assumptions
39 Tax rate 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90% 25.90%
40 Federal tax rate 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
41 State tax rate 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
42 Tax depreciation 20 20 20 20 20 20 20 20 20 20 5 5 5 20 20 #N/A #N/A #N/A
43 Property tax (% original cost) 3.00% 3.00% 2.00% 2.00% 2.00% 2.00% 3.00% 2.00% 2.00% 2.00% 0.00% 0.00% 0.00% 2.00% 2.00% Empty Empty Empty
44 Property tax % of rate base (CWIP) 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% 25.00% Empty Empty Empty
45 Property tax % of rate base (In-service) 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% 50.00% Empty Empty Empty
46 Tax credits ($/MWh) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $11 $0 $0 $0 $0 $0 $0 $0
47 Tax credit life 0 0 0 0 0 0 0 0 0 0 10 30 30 0 0 0 0 0
48 Tax credits (% cost) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 30.00% 30.00% 0.00% 0.00% 0.00% 0.00% 0.00%
49 Tax credit expiration (0 = Off) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
50
51 Emissions
52 NOx Emissions (Lb/MMBtu) 0.060  -  0.008  0.008  0.030  0.030  0.050  0.043  0.026  0.070  -  - -  - 0.003  -  - -  
53 SO2 Emissions (Lb/MMBtu) 0.100  -  0.001  0.001  0.001  0.001  0.100  -  - 0.001  -  - -  0.080  0.001  -  - -  
54 Hg Emissions (Lb/Tbtu) -  - -  - -  - -  - -  - -  - -  - -  - -  -  
55 CO2 Emissions (Lb/MMBtu) 20.0  -  11.7  117.0  11.7  117.0  77.5  117.0  117.0  117.0  -  - -  - 117.0  -  - -  
56 *selector NOx NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE NOx DTE
57 *selector SO2 SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE SO2 DTE
58 *selector Hg Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE Hg DTE
59 *selector CO2 CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE CO2 DTE
60 Inflation 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
61
62 Capital cost phase in PCwCCS AdvNuc CCwCCS AdvCC CTwCCS AdvCT IGCCwCCS CHP MT RICE Wind SolarTr SolarFix Bio DTECC placeholder1 placeholder2 placeholder3
63 Year -1 10.0% 10.0% 80.0% 80.0% 80.0% 80.0% 10.0% 80.0% 80.0% 80.0% 80.0% 100.0% 100.0% 40.0% 80.0%
64 Year -2 20.0% 20.0% 10.0% 10.0% 10.0% 10.0% 20.0% 10.0% 10.0% 10.0% 10.0% 0.0% 0.0% 30.0% 10.0%
65 Year -3 20.0% 20.0% 10.0% 10.0% 10.0% 10.0% 20.0% 10.0% 10.0% 10.0% 10.0% 0.0% 0.0% 20.0% 10.0%
66 Year -4 20.0% 20.0% 0.0% 0.0% 0.0% 0.0% 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 10.0% 0.0%
67 Year -5 20.0% 20.0% 0.0% 0.0% 0.0% 0.0% 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
68 Year -6 10.0% 10.0% 0.0% 0.0% 0.0% 0.0% 10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
69 Year -7 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%
70 Year -8 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%
71 Year -9 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%
72 Year -10 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%
73 Year -11 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%
74 Year -12 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%
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Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 

a) In WP LKM-460, on tab ‘SOLAR-TRACKING COST’, row 31, why is an
inflation adjustment applied to the values that represent the $/kW in real
terms? Is DTE projecting that these costs will increase at a 2.5% annual
rate in real terms? If, so please provide all supporting information for this
assumption.

Answer: The inflation adjustment was applied twice in error in WP LKM-460 only.  
The erroneous values were not used anywhere else in this filing and did not 
impact the modeling outcomes. Refer to the response to question ELPCDE-
1.24b. 

Attachments: N/A 
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Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 
 

b) Confirm that as currently configured, the inflation adjustment in LKM-
460 is applied twice to solar expenses, first in line 31, and second in line 
33. If this is in error, please provide an update to this worksheet without 
this error. If this in not in error, please explain why. 

 
 
Answer: Confirmed, in this workpaper the escalation rate was applied twice in 

error, but the erroneous 2019 -2050 values were not used as inputs in any 
workpapers or modeling. The 2018 value when properly escalated 
remained at $25/kw-year. Please see attachment U-20471 ELPCDE-1.24b 
WP LKM-460 NREL Renewables Inputs - Corrected 5-15-19 for this 
correction. 

 
 
 
 
Attachments: The document listed below are available for download at the following 

hyperlink: 
https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U20471201
9IRPPublic/default.aspx 
 

U-20471 ELPCDE-1.24b WP LKM-460 NREL Renewables Inputs -  Corrected 5-15-19 
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Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 
 

c) Confirm that LKM-448 uses $2018 figures, and not nominal dollar 
figures, throughout. If deny, please explain what dollar convention is 
used. 

 
 
Answer: Deny, workpaper LKM-448 takes the $2018 figures as inputs and converts 

them to nominal dollars. $2018 figures were used for the inputs on the tech 
inputs tab. Throughout the WP LKM-448 LCOE, the technology tabs (i.e.,  
AdvCC, SolarTr and Wind tabs) escalated the $2018 figures accordingly to 
nominal dollars depending on what year the technology is put in service. 

 
 
Attachments: N/A 
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Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 
 

d) In WP LKM-448, tab Tech Inputs, the fixed O&M figure for single axis 
tracking PV is $25.00/kW-year. Please provide the source for this figure 
as it does not appear in WP LKM-460. 

 
 
Answer: The source is in LKM-460, tab solar-Tracking Cost, cell F34, which, when 

rounded is the same value as U-20471 ELPCDE-1.24b WP LKM-460 NREL 
Renewables Inputs -     Corrected 5-15-19, tab solar-Tracking Cost, cell 
F34, which when rounded is also $25.00/kW-year. 

 
 
 
Attachments: N/A 
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Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 
 

e) Confirm that DTE did not use the actual 2023 capital cost projections 
from the NREL 2018 ATB as an input to the LCOE calculation, but 
instead used the 2018 capital cost value from the NREL 2018 ATB and 
created a new 2023 capital cost estimate based on other factors. If deny, 
please explain in detail how the 2023 value of $1,480/kW in WP LKM-
448 tab SolarTr cell J69 was derived directly from the NREL 2018 ATB 
data source. 

 
 
Answer: Confirmed. 
 
 
 
Attachments: N/A 
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Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 
 

f) Why did DTE not directly utilize the future capital costs from the NREL 
2018 ATB report and instead create its own assumption about future 
cost increases? 

 
 
Answer: DTE Electric used NREL 2018 assumptions and applied an average NREL 

escalation rate for solar. This method was utilized to keep the inputs 
straightforward for the LCOE model and to provide Strategist with fewer 
alternatives.  Strategist does not accept non-linear escalation rates 
associated with technology alternatives.  To accommodate non-linear 
escalation rates, a different technology alternative would have had to be 
input each year into Strategist. The 35% reduction in solar capital costs in 
the EP and ET scenarios utilized costs lower than the NREL Chicago Mid 
Installed Costs ($/kW, nominal). Please see the graph below also provided 
in attachment U-20471 ELPCDE-1.24f Graph of Solar installed Costs. As 
shown in the graph, in the year 2030 (the year the model was solving for) 
the difference in installed cost between NREL and the REF scenario is only 
4%.
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Attachments:  The document listed below are available for download at the following 

hyperlink: 
https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U20471201
9IRPPublic/default.aspx 
 

U-20471 ELPCDE-1.24f Graph of Solar installed Costs  
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Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 
 

g) Confirm that the values in LKM-448 for “Cost Escalation” and “Fixed 
O&M Escalation” in tab “SolarTr” cells K9 and D36, respectively, are real 
increases, that is, above the rate of inflation. If deny, please explain what 
they represent. 

 
 
Answer: Deny, the cost escalation and fixed O&M escalations provide a conversion 

from real to nominal $. 
 
 
 
Attachments: N/A 
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Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 
 

h) Please provide all source documents for the “Cost Escalation” and 
“Fixed O&M Escalation inputs listed in g) above. 

 
 
Answer: “Cost Escalation” – See WP LKM-449 Master Tech and Finance Inputs, tab 

“Financial Assumptions”.  Rows 172 through 204 include Cap Ex 
assumptions for resource alternatives directly from NREL 2018 ATB, which 
are represented in 2016 real dollars.  Rows 124 through 156 convert the 
Cap Ex assumptions from NREL 2018 ATB to nominal dollars.  Utilizing the 
nominal Cap Ex forecast a “Cost Escalation” rate was calculated via the 
CAGR from 2018 – 2050 for resource alternatives.  See resulting Cost 
Escalation rates in column AJ, rows 124 through 154. 

 
 “Fixed O&M Escalation” - Refer to WP LKM-449 Master Tech and Finance 

Inputs, tab LCOE financial format, cell B4. This cell is taking the average 
escalation rate of the PACE deflator series. Please refer to audit question 
JSG-1.2d for the underlying source documentation. 

 
 
 
 
Attachments: N/A 
 
 

U-20471 - August 21, 2019 
Direct Testimony of A. Allison 

Exhibit: MEC-34; Source: ELPCDE-1.24 
Page 9 of 11



 

 

MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

 
Page: 

U-20471  
ELPC  
ELPCDE-1.24i  
L. K. Mikulan  
1 of 2  
 

 
Question: Refer to WP LKM-460 NREL Renewable Inputs and WP LKM-448 LCOE. 
 

i) Why does DTE project that solar capital costs will increase in real terms 
between 2018 and 2023, when 2018 NREL ATB data shows a 
substantial capital cost decrease in real terms between 2018 and 2023? 

 
 
Answer: DTE does not project that solar capital costs will increase in real terms 

between 2018 and 2023. Please see the graph below, also provided in 
attachment U-20471 ELPCDE-1.24f Graph of Solar installed Costs. 

 

 
 

NREL provides the Solar Utility capital costs in real $2016 dollars and in 
DC. DTE Electric took the 2018 solar utility capital cost from the 2018 NREL 
ATB report, converted it to $2018 dollars and then converted to AC using a  
1.3 DC to AC ratio. This value is then escalated using the NREL capital 
escalation. Please see Question ELPCDE-1.24h, which shows how the  
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capital escalation is calculated. The capital escalation takes into 
consideration the drop in the real capital cost dollars.  

 
A single Cap Ex escalation rate was calculated for solar and other resource 
alternatives as described in ELPCDE-1.24h.  In addition, as described in 
ELPCDE-1.24f, this method was used to keep the inputs straightforward for 
the LCOE model and to provide Strategist with fewer alternatives.  Strategist 
does not accept non-linear escalation rates.  
 
See also the response to ELPCDE-1.24f 
 

 
 
Attachments:  
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WP LKM-460 NREL Renewables Inputs
Chicago - Mid 2015 2016

Straight From NREL Installed Cost ($/kW, real) - DC 1,754$               
Calculation Inflation Adjustment 1.025 1.00
Calculation Installed Cost ($/kW, nominal) - DC 1,754$               
Calculation NREL Chicago Mid 1.30 2,280$               
Calculation       Total Capital for 50 MW AC ($000) 114,005$           

Capacity of unit 50

NREL Capital Deescalation/Escalation Assumptions
Calculated from NREL CGAR from 2018 to 2050 0.006331

REF and BAU Values calculat used to determine Strategist Rev Req
ET and EP Values calculated used to determine Strategist Rev Req 35% reduction
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2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
1,196$                                             1,050$     1,011$     951$        902$        891$        881$        871$        861$        851$        841$        

1.03 1.05 1.08 1.10 1.13 1.16 1.19 1.22 1.25 1.28 1.31
1,225$                                             1,103$     1,088$     1,050$     1,020$     1,034$     1,048$     1,061$     1,075$     1,089$     1,103$     
1,593$                                             1,434$     1,415$     1,365$     1,326$     1,344$     1,362$     1,380$     1,398$     1,416$     1,434$     

79,651$                                          71,721$  70,740$  68,243$  66,306$  67,196$  68,090$  68,986$  69,884$  70,784$  71,686$  

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
1,434$     1,444$     1,453$     1,462$     1,471$     1,480$     1,490$     1,499$     1,509$     1,518$     

932$        938$        944$        950$        956$        962$        968$        974$        981$        987$        

Delta NREL from REF and BAU -$         29$          88$          136$        127$        119$        110$        102$        93$          85$          
Delta NREL from ET and EP (502)$       (477)$       (421)$       (376)$       (388)$       (400)$       (411)$       (423)$       (435)$       (447)$       

Solar Tracking Installed Cost ($/kW, nominal) - AC
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2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
830$        820$        810$        803$        796$        789$        782$        775$        768$        761$        754$        747$        740$        
1.34 1.38 1.41 1.45 1.48 1.52 1.56 1.60 1.64 1.68 1.72 1.76 1.81

1,117$     1,131$     1,145$     1,163$     1,182$     1,201$     1,220$     1,239$     1,258$     1,278$     1,298$     1,318$     1,338$     
1,452$     1,470$     1,488$     1,512$     1,536$     1,561$     1,586$     1,611$     1,636$     1,662$     1,687$     1,714$     1,740$     

72,588$  73,491$  74,393$  75,594$  76,808$  78,036$  79,277$  80,532$  81,800$  83,081$  84,374$  85,681$  87,000$  

2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
1,528$     1,538$     1,547$     1,557$     1,567$     1,577$     1,587$     1,597$     1,607$     1,617$     1,627$     1,638$     1,648$     

993$        999$        1,006$     1,012$     1,019$     1,025$     1,031$     1,038$     1,045$     1,051$     1,058$     1,065$     1,071$     

76$          68$          59$          45$          31$          16$          1$            (14)$         (29)$         (44)$         (60)$         (76)$         (92)$         
(459)$       (470)$       (482)$       (500)$       (518)$       (536)$       (554)$       (573)$       (591)$       (610)$       (630)$       (649)$       (669)$       
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2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
732$        724$        716$        708$        700$        692$        684$        676$        668$        660$        
1.85 1.90 1.95 2.00 2.05 2.10 2.15 2.20 2.26 2.32

1,357$     1,376$     1,395$     1,414$     1,432$     1,452$     1,471$     1,490$     1,509$     1,528$     
1,764$     1,789$     1,813$     1,838$     1,862$     1,887$     1,912$     1,937$     1,962$     1,987$     

88,211$  89,428$  90,651$  91,879$  93,112$  94,349$  95,589$  96,833$  98,079$  99,327$  

2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,659$     1,669$     1,680$     1,690$     1,701$     1,712$     1,723$     1,733$     1,744$     1,755$     
1,078$     1,085$     1,092$     1,099$     1,106$     1,113$     1,120$     1,127$     1,134$     1,141$     

(106)$       (120)$       (133)$       (147)$       (161)$       (175)$       (189)$       (203)$       (217)$       (231)$       
(686)$       (704)$       (721)$       (739)$       (757)$       (774)$       (792)$       (810)$       (828)$       (846)$       
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Inputs
Take me to: Calculated

X Current Costs

Utility PV - Seattle 15%
Utility PV - Chicago 18%

Utility PV - Kansas City 20%
Utility PV - Los Angeles 22% Representative plant is Single Axis tracking with capacity of 100 MW
Utility PV - Daggett, CA 27% Overnight Capital Cost, Fixed O&M, and Variable O&M costs represent $/kW DC; 

Utility PV - Seattle 1308
Utility PV - Chicago 1551

Utility PV - Kansas City 1725
Utility PV - Los Angeles 1904
Utility PV - Daggett, CA 2328

Utility PV - Seattle $1,778
Utility PV - Chicago $1,778

Utility PV - Kansas City $1,778
Utility PV - Los Angeles $1,778
Utility PV - Daggett, CA $1,778

Utility PV - Seattle $24
Utility PV - Chicago $24

Utility PV - Kansas City $24
Utility PV - Los Angeles $24
Utility PV - Daggett, CA $24

Utility PV - Seattle $1,754 2.5%
Utility PV - Chicago $1,754 30

Utility PV - Kansas City $1,754 3.7%
Utility PV - Los Angeles $1,754 Calculated Interest Rate Real - Mid 1.2%
Utility PV - Daggett, CA $1,754 Interest During Construction  - Nominal 3.7%

Rate of Return on Equity Nominal - Mid 9.0%
Utility PV - Seattle $14 Calculated Rate of Return on Equity Real - Mid 6.4%

Utility PV - Chicago $14 Debt Fraction - Mid 60.0%
Utility PV - Kansas City $14 Tax Rate (Federal and State) 25.7%

Utility PV - Los Angeles $14 WACC Nominal - Mid 5.3%
Utility PV - Daggett, CA $14 WACC Real - Mid 2.7%

Depreciation Period 5
Utility PV - Seattle $0 Construction Finance Factor 1.014

Utility PV - Chicago $0 Present Value of Depreciation 0.868
Utility PV - Kansas City $0 Project Finance Factor 1.046

Utility PV - Los Angeles $0 Capital Recovery Factor (CRF) Nominal - Mid 6.7%
Utility PV - Daggett, CA $0 Capital Recovery Factor (CRF) Real - Mid 4.9%

Utility PV - Seattle 5.3%
Utility PV - Chicago 5.3%

Utility PV - Kansas City 5.3%
Utility PV - Los Angeles 5.3%
Utility PV - Daggett, CA 5.3%

Utility PV - Seattle $0 1
Utility PV - Chicago $0 Year Capital Accumulated

Utility PV - Kansas City $0 Index Fraction Interest
Utility PV - Los Angeles $0
Utility PV - Daggett, CA $0

0 100% 1.014
Utility PV - Seattle $0 1 0% 1.042

Utility PV - Chicago $0 2 0% 1.071
Utility PV - Kansas City $0

Utility PV - Los Angeles $0
Utility PV - Daggett, CA $0

MACRS yr 1 2 3 4 5 6
Utility PV - Seattle $0 Depreciation 0.2000 0.3200 0.1920 0.1152 0.1152 0.0576

Utility PV - Chicago $0 Fraction
Utility PV - Kansas City $0 Depreciation 0.9499 0.9023 0.8571 0.8142 0.7734 0.7346

Utility PV - Los Angeles $0
Utility PV - Daggett, CA $0

Factor

Utility PV - Seattle $81
Utility PV - Chicago $68

Utility PV - Kansas City $61
Utility PV - Los Angeles $55
Utility PV - Daggett, CA $45

Utility PV - Seattle $11 * this is similar to the LCOE used in the TCDB (Transparent Cost Database)
Utility PV - Chicago $9

Utility PV - Kansas City $8
Utility PV - Los Angeles $7
Utility PV - Daggett, CA $6

***Note: For future projections, low, mid, and high refer to the resulting low, mid, and high LCOE projections.

X
Basis Year

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 16%
Utility PV - Seattle - Mid 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15%
Utility PV - Seattle - Constant 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15% 15%
Utility PV - Chicago - Low 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18%
Utility PV - Chicago - Mid 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18%
Utility PV - Chicago - Constant 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18% 18%
Utility PV - Kansas City - Low 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Utility PV - Kansas City - Mid 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Utility PV - Kansas City - Constant 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Utility PV - Los Angeles - Low 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 23% 23% 23% 23%
Utility PV - Los Angeles - Mid 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22%
Utility PV - Los Angeles - Constant 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22% 22%
Utility PV - Daggett, CA - Low 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 28% 28% 28% 28%
Utility PV - Daggett, CA - Mid 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27%
Utility PV - Daggett, CA - Constant 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 27%

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low 1,308          1,309          1,311          1,312          1,314           1,315          1,317          1,318          1,320 1,321        1,323          1,324          1,326        1,327          1,329          1,330          1,332          1,333          1,335          1,336          1,338          1,339          1,341          1,342          1,344          1,345          1,347          1,348          1,350          1,351          1,353          1,354          1,356          1,357          1,359          
Utility PV - Seattle - Mid 1,308          1,309          1,309          1,310          1,311           1,312          1,313          1,314          1,314 1,315        1,316          1,317          1,318        1,318          1,319          1,320          1,321          1,322          1,323          1,323          1,324          1,325          1,326          1,327          1,327          1,328          1,329          1,330          1,331          1,332          1,332          1,333          1,334          1,335          1,336          
Utility PV - Seattle - Constant 1,308          1,308          1,308          1,308          1,308           1,308          1,308          1,308          1,308 1,308        1,308          1,308          1,308        1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          1,308          
Utility PV - Chicago - Low 1,551          1,553          1,554          1,556          1,558           1,560          1,562          1,563          1,565 1,567        1,569          1,570          1,572        1,574          1,576          1,577          1,579          1,581          1,583          1,585          1,586          1,588          1,590          1,592          1,593          1,595          1,597          1,599          1,600          1,602          1,604          1,606          1,608          1,609          1,611          
Utility PV - Chicago - Mid 1,551          1,552          1,553          1,554          1,555           1,556          1,557          1,558          1,559 1,560        1,561          1,562          1,563        1,564          1,565          1,566          1,566          1,567          1,568          1,569          1,570          1,571          1,572          1,573          1,574          1,575          1,576          1,577          1,578          1,579          1,580          1,581          1,582          1,583          1,584          
Utility PV - Chicago - Constant 1,551          1,551          1,551          1,551          1,551           1,551          1,551          1,551          1,551 1,551        1,551          1,551          1,551        1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          1,551          
Utility PV - Kansas City - Low 1,725          1,727          1,729          1,731          1,733           1,735          1,737          1,739          1,740 1,742        1,744          1,746          1,748        1,750          1,752          1,754          1,756          1,758          1,760          1,762          1,764          1,766          1,768          1,770          1,772          1,774          1,776          1,778          1,780          1,782          1,784          1,786          1,788          1,790          1,792          
Utility PV - Kansas City - Mid 1,725          1,726          1,727          1,728          1,729           1,730          1,731          1,732          1,733 1,734        1,736          1,737          1,738        1,739          1,740          1,741          1,742          1,743          1,744          1,745          1,746          1,747          1,749          1,750          1,751          1,752          1,753          1,754          1,755          1,756          1,757          1,758          1,759          1,760          1,761          
Utility PV - Kansas City - Constant 1,725          1,725          1,725          1,725          1,725           1,725          1,725          1,725          1,725 1,725        1,725          1,725          1,725        1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          1,725          
Utility PV - Los Angeles - Low 1,904          1,906          1,908          1,911          1,913           1,915          1,917          1,919          1,921 1,924        1,926          1,928          1,930        1,932          1,934          1,937          1,939          1,941          1,943          1,945          1,948          1,950          1,952          1,954          1,956          1,958          1,961          1,963          1,965          1,967          1,969          1,971          1,974          1,976          1,978          
Utility PV - Los Angeles - Mid 1,904          1,905          1,906          1,908          1,909           1,910          1,911          1,912          1,914 1,915        1,916          1,917          1,918        1,920          1,921          1,922          1,923          1,924          1,926          1,927          1,928          1,929          1,930          1,932          1,933          1,934          1,935          1,936          1,937          1,939          1,940          1,941          1,942          1,943          1,945          
Utility PV - Los Angeles - Constant 1,904          1,904          1,904          1,904          1,904           1,904          1,904          1,904          1,904 1,904        1,904          1,904          1,904        1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          1,904          
Utility PV - Daggett, CA - Low 2,328          2,330          2,333          2,336          2,338           2,341          2,344          2,346          2,349 2,352        2,354          2,357          2,360        2,362          2,365          2,368          2,370          2,373          2,376          2,378          2,381          2,384          2,386          2,389          2,392          2,394          2,397          2,399          2,402          2,405          2,407          2,410          2,413          2,415          2,418          
Utility PV - Daggett, CA - Mid 2,328          2,329          2,331          2,332          2,334           2,335          2,337          2,338          2,339 2,341        2,342          2,344          2,345        2,347          2,348          2,350          2,351          2,353          2,354          2,356          2,357          2,358          2,360          2,361          2,363          2,364          2,366          2,367          2,369          2,370          2,372          2,373          2,374          2,376          2,377          
Utility PV - Daggett, CA - Constant 2,328          2,328          2,328          2,328          2,328           2,328          2,328          2,328          2,328 2,328        2,328          2,328          2,328        2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          2,328          

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low $1,778 $1,212 $941 $893 $852 $816 $793 $770 $747 $724 $701 $678 $654 $631 $608 $598 $588 $578 $570 $553 $540 $527 $514 $501 $488 $481 $469 $455 $440 $440 $413 $401 $389 $376 $372
Utility PV - Seattle - Mid $1,778 $1,212 $1,065 $1,024 $964 $914 $904 $893 $883 $873 $862 $852 $842 $831 $821 $814 $807 $800 $793 $786 $779 $771 $764 $757 $750 $742 $734 $726 $718 $710 $701 $693 $685 $677 $669
Utility PV - Seattle - Constant $1,778 $1,212 $1,111 $1,121 $1,151 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171
Utility PV - Chicago - Low $1,778 $1,212 $941 $893 $852 $816 $793 $770 $747 $724 $701 $678 $654 $631 $608 $598 $588 $578 $570 $553 $540 $527 $514 $501 $488 $481 $469 $455 $440 $440 $413 $401 $389 $376 $372
Utility PV - Chicago - Mid $1,778 $1,212 $1,065 $1,024 $964 $914 $904 $893 $883 $873 $862 $852 $842 $831 $821 $814 $807 $800 $793 $786 $779 $771 $764 $757 $750 $742 $734 $726 $718 $710 $701 $693 $685 $677 $669
Utility PV - Chicago - Constant $1,778 $1,212 $1,111 $1,121 $1,151 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171
Utility PV - Kansas City - Low $1,778 $1,212 $941 $893 $852 $816 $793 $770 $747 $724 $701 $678 $654 $631 $608 $598 $588 $578 $570 $553 $540 $527 $514 $501 $488 $481 $469 $455 $440 $440 $413 $401 $389 $376 $372
Utility PV - Kansas City - Mid $1,778 $1,212 $1,065 $1,024 $964 $914 $904 $893 $883 $873 $862 $852 $842 $831 $821 $814 $807 $800 $793 $786 $779 $771 $764 $757 $750 $742 $734 $726 $718 $710 $701 $693 $685 $677 $669
Utility PV - Kansas City - Constant $1,778 $1,212 $1,111 $1,121 $1,151 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171
Utility PV - Los Angeles - Low $1,778 $1,212 $941 $893 $852 $816 $793 $770 $747 $724 $701 $678 $654 $631 $608 $598 $588 $578 $570 $553 $540 $527 $514 $501 $488 $481 $469 $455 $440 $440 $413 $401 $389 $376 $372
Utility PV - Los Angeles - Mid $1,778 $1,212 $1,065 $1,024 $964 $914 $904 $893 $883 $873 $862 $852 $842 $831 $821 $814 $807 $800 $793 $786 $779 $771 $764 $757 $750 $742 $734 $726 $718 $710 $701 $693 $685 $677 $669
Utility PV - Los Angeles - Constant $1,778 $1,212 $1,111 $1,121 $1,151 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171
Utility PV - Daggett, CA - Low $1,778 $1,212 $941 $893 $852 $816 $793 $770 $747 $724 $701 $678 $654 $631 $608 $598 $588 $578 $570 $553 $540 $527 $514 $501 $488 $481 $469 $455 $440 $440 $413 $401 $389 $376 $372
Utility PV - Daggett, CA - Mid $1,778 $1,212 $1,065 $1,024 $964 $914 $904 $893 $883 $873 $862 $852 $842 $831 $821 $814 $807 $800 $793 $786 $779 $771 $764 $757 $750 $742 $734 $726 $718 $710 $701 $693 $685 $677 $669
Utility PV - Daggett, CA - Constant $1,778 $1,212 $1,111 $1,121 $1,151 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171 $1,171

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low 24 16 13 12 12 11 11 10 10 10 9 9 9 9 8 8 8 8 8 7 7 7 7 7 7 7 6 6 6 6 6 5 5 5 5
Utility PV - Seattle - Mid 24 16 14 14 13 12 12 12 12 12 12 12 11 11 11 11 11 11 11 11 11 10 10 10 10 10 10 10 10 10 9 9 9 9 9
Utility PV - Seattle - Constant 24 16 15 15 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
Utility PV - Chicago - Low 24 16 13 12 12 11 11 10 10 10 9 9 9 9 8 8 8 8 8 7 7 7 7 7 7 7 6 6 6 6 6 5 5 5 5
Utility PV - Chicago - Mid 24 16 14 14 13 12 12 12 12 12 12 12 11 11 11 11 11 11 11 11 11 10 10 10 10 10 10 10 10 10 9 9 9 9 9
Utility PV - Chicago - Constant 24 16 15 15 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
Utility PV - Kansas City - Low 24 16 13 12 12 11 11 10 10 10 9 9 9 9 8 8 8 8 8 7 7 7 7 7 7 7 6 6 6 6 6 5 5 5 5
Utility PV - Kansas City - Mid 24 16 14 14 13 12 12 12 12 12 12 12 11 11 11 11 11 11 11 11 11 10 10 10 10 10 10 10 10 10 9 9 9 9 9
Utility PV - Kansas City - Constant 24 16 15 15 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
Utility PV - Los Angeles - Low 24 16 13 12 12 11 11 10 10 10 9 9 9 9 8 8 8 8 8 7 7 7 7 7 7 7 6 6 6 6 6 5 5 5 5
Utility PV - Los Angeles - Mid 24 16 14 14 13 12 12 12 12 12 12 12 11 11 11 11 11 11 11 11 11 10 10 10 10 10 10 10 10 10 9 9 9 9 9
Utility PV - Los Angeles - Constant 24 16 15 15 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
Utility PV - Daggett, CA - Low 24 16 13 12 12 11 11 10 10 10 9 9 9 9 8 8 8 8 8 7 7 7 7 7 7 7 6 6 6 6 6 5 5 5 5
Utility PV - Daggett, CA - Mid 24 16 14 14 13 12 12 12 12 12 12 12 11 11 11 11 11 11 11 11 11 10 10 10 10 10 10 10 10 10 9 9 9 9 9
Utility PV - Daggett, CA - Constant 24 16 15 15 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low $1,754 $1,196 $928 $881 $840 $805 $782 $760 $737 $714 $691 $668 $646 $623 $600 $590 $580 $570 $562 $546 $533 $520 $507 $495 $482 $475 $463 $448 $434 $434 $408 $396 $383 $371 $367
Utility PV - Seattle - Mid $1,754 $1,196 $1,050 $1,011 $951 $902 $891 $881 $871 $861 $851 $841 $830 $820 $810 $803 $796 $789 $782 $775 $768 $761 $754 $747 $740 $732 $724 $716 $708 $700 $692 $684 $676 $668 $660
Utility PV - Seattle - Constant $1,754 $1,196 $1,096 $1,106 $1,136 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156
Utility PV - Chicago - Low $1,754 $1,196 $928 $881 $840 $805 $782 $760 $737 $714 $691 $668 $646 $623 $600 $590 $580 $570 $562 $546 $533 $520 $507 $495 $482 $475 $463 $448 $434 $434 $408 $396 $383 $371 $367
Utility PV - Chicago - Mid $1,754 $1,196 $1,050 $1,011 $951 $902 $891 $881 $871 $861 $851 $841 $830 $820 $810 $803 $796 $789 $782 $775 $768 $761 $754 $747 $740 $732 $724 $716 $708 $700 $692 $684 $676 $668 $660
Utility PV - Chicago - Constant $1,754 $1,196 $1,096 $1,106 $1,136 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156
Utility PV - Kansas City - Low $1,754 $1,196 $928 $881 $840 $805 $782 $760 $737 $714 $691 $668 $646 $623 $600 $590 $580 $570 $562 $546 $533 $520 $507 $495 $482 $475 $463 $448 $434 $434 $408 $396 $383 $371 $367
Utility PV - Kansas City - Mid $1,754 $1,196 $1,050 $1,011 $951 $902 $891 $881 $871 $861 $851 $841 $830 $820 $810 $803 $796 $789 $782 $775 $768 $761 $754 $747 $740 $732 $724 $716 $708 $700 $692 $684 $676 $668 $660
Utility PV - Kansas City - Constant $1,754 $1,196 $1,096 $1,106 $1,136 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156
Utility PV - Los Angeles - Low $1,754 $1,196 $928 $881 $840 $805 $782 $760 $737 $714 $691 $668 $646 $623 $600 $590 $580 $570 $562 $546 $533 $520 $507 $495 $482 $475 $463 $448 $434 $434 $408 $396 $383 $371 $367
Utility PV - Los Angeles - Mid $1,754 $1,196 $1,050 $1,011 $951 $902 $891 $881 $871 $861 $851 $841 $830 $820 $810 $803 $796 $789 $782 $775 $768 $761 $754 $747 $740 $732 $724 $716 $708 $700 $692 $684 $676 $668 $660
Utility PV - Los Angeles - Constant $1,754 $1,196 $1,096 $1,106 $1,136 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156
Utility PV - Daggett, CA - Low $1,754 $1,196 $928 $881 $840 $805 $782 $760 $737 $714 $691 $668 $646 $623 $600 $590 $580 $570 $562 $546 $533 $520 $507 $495 $482 $475 $463 $448 $434 $434 $408 $396 $383 $371 $367
Utility PV - Daggett, CA - Mid $1,754 $1,196 $1,050 $1,011 $951 $902 $891 $881 $871 $861 $851 $841 $830 $820 $810 $803 $796 $789 $782 $775 $768 $761 $754 $747 $740 $732 $724 $716 $708 $700 $692 $684 $676 $668 $660
Utility PV - Daggett, CA - Constant $1,754 $1,196 $1,096 $1,106 $1,136 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low $14 $10 $8 $8 $7 $7 $7 $6 $6 $6 $6 $6 $5 $5 $5 $5 $5 $5 $5 $5 $5 $4 $4 $4 $4 $4 $4 $4 $4 $4 $4 $3 $3 $3 $3
Utility PV - Seattle - Mid $14 $10 $9 $9 $8 $8 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6
Utility PV - Seattle - Constant $14 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10
Utility PV - Chicago - Low $14 $10 $8 $8 $7 $7 $7 $6 $6 $6 $6 $6 $5 $5 $5 $5 $5 $5 $5 $5 $5 $4 $4 $4 $4 $4 $4 $4 $4 $4 $4 $3 $3 $3 $3
Utility PV - Chicago - Mid $14 $10 $9 $9 $8 $8 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6
Utility PV - Chicago - Constant $14 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10
Utility PV - Kansas City - Low $14 $10 $8 $8 $7 $7 $7 $6 $6 $6 $6 $6 $5 $5 $5 $5 $5 $5 $5 $5 $5 $4 $4 $4 $4 $4 $4 $4 $4 $4 $4 $3 $3 $3 $3
Utility PV - Kansas City - Mid $14 $10 $9 $9 $8 $8 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6
Utility PV - Kansas City - Constant $14 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10

hi Utility PV - Los Angeles - Low $14 $10 $8 $8 $7 $7 $7 $6 $6 $6 $6 $6 $5 $5 $5 $5 $5 $5 $5 $5 $5 $4 $4 $4 $4 $4 $4 $4 $4 $4 $4 $3 $3 $3 $3
Utility PV - Los Angeles - Mid $14 $10 $9 $9 $8 $8 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6
Utility PV - Los Angeles - Constant $14 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10
Utility PV - Daggett, CA - Low $14 $10 $8 $8 $7 $7 $7 $6 $6 $6 $6 $6 $5 $5 $5 $5 $5 $5 $5 $5 $5 $4 $4 $4 $4 $4 $4 $4 $4 $4 $4 $3 $3 $3 $3
Utility PV - Daggett, CA - Mid $14 $10 $9 $9 $8 $8 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $7 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6 $6
Utility PV - Daggett, CA - Constant $14 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low $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 $0 $0 $0
Utility PV - Seattle - Mid $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 $0 $0 $0
Utility PV - Seattle - Constant $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 $0 $0 $0
Utility PV - Chicago - Low $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 $0 $0 $0
Utility PV - Chicago - Mid $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 $0 $0 $0
Utility PV - Chicago - Constant $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 $0 $0 $0
Utility PV - Kansas City - Low $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 $0 $0 $0
Utility PV - Kansas City - Mid $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 $0 $0 $0
Utility PV - Kansas City - Constant $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 $0 $0 $0
Utility PV - Los Angeles - Low $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 $0 $0 $0
Utility PV - Los Angeles - Mid $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 $0 $0 $0
Utility PV - Los Angeles - Constant $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 $0 $0 $0
Utility PV - Daggett, CA - Low $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 $0 $0 $0
Utility PV - Daggett, CA - Mid $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 $0 $0 $0
Utility PV - Daggett, CA - Constant $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 $0 $0 $0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Inflation Rate 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5%
Interest Rate Nominal - Low 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7%
Interest Rate Nominal - Mid 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7%
Interest Rate Nominal - Constant 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7%
Calculated Interest Rate Real - Low 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
Calculated Interest Rate Real - Mid 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
Calculated Interest Rate Real - Constant 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
Interest During Construction  - Nominal 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.7%
Rate of Return on Equity Nominal - Low 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0%
Rate of Return on Equity Nominal - Mid 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0%
Rate of Return on Equity Nominal - Constant 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0% 9.0%
Calculated Rate of Return on Equity Real - Low 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4%
Calculated Rate of Return on Equity Real - Mid 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4%
Calculated Rate of Return on Equity Real - Cons 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4% 6.4%
Debt Fraction - Low 60.0% 60.7% 61.4% 62.1% 62.9% 63.6% 64.3% 65.0% 65.7% 66.4% 67.1% 67.9% 68.6% 69.3% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0%
Debt Fraction - Mid 60.0% 60.4% 60.7% 61.1% 61.4% 61.8% 62.1% 62.5% 62.9% 63.2% 63.6% 63.9% 64.3% 64.6% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0% 65.0%
Debt Fraction - Constant 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0%
Tax Rate (Federal and State) 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7% 25.7%
WACC Nominal - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
WACC Nominal - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
WACC Nominal - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
WACC Real - Low 2.7% 2.7% 2.6% 2.6% 2.5% 2.5% 2.4% 2.4% 2.4% 2.3% 2.3% 2.2% 2.2% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1% 2.1%
WACC Real - Mid 2.7% 2.7% 2.7% 2.6% 2.6% 2.6% 2.6% 2.6% 2.5% 2.5% 2.5% 2.5% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4% 2.4%
WACC Real - Constant 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7%
Capital Recovery Factor (CRF) Nominal - Low 6.7% 6.7% 6.6% 6.6% 6.6% 6.5% 6.5% 6.5% 6.4% 6.4% 6.4% 6.3% 6.3% 6.3% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 6.2%
Capital Recovery Factor (CRF) Nominal - Mid 6.7% 6.7% 6.7% 6.7% 6.6% 6.6% 6.6% 6.6% 6.6% 6.6% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5%
Capital Recovery Factor (CRF) Nominal - Consta 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7% 6.7%
Capital Recovery Factor (CRF) Real - Low 4.9% 4.9% 4.9% 4.8% 4.8% 4.8% 4.7% 4.7% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5%
Capital Recovery Factor (CRF) Real - Mid 4.9% 4.9% 4.9% 4.9% 4.9% 4.8% 4.8% 4.8% 4.8% 4.8% 4.8% 4.8% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7% 4.7%
Capital Recovery Factor (CRF) Real - Constant 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9% 4.9%

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
Utility PV - Seattle - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
Utility PV - Seattle - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
Utility PV - Chicago - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
Utility PV - Chicago - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
Utility PV - Chicago - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
Utility PV - Kansas City - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
Utility PV - Kansas City - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
Utility PV - Kansas City - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
Utility PV - Los Angeles - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
Utility PV - Los Angeles - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
Utility PV - Los Angeles - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%
Utility PV - Daggett, CA - Low 5.3% 5.2% 5.2% 5.1% 5.1% 5.1% 5.0% 5.0% 4.9% 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
Utility PV - Daggett, CA - Mid 5.3% 5.3% 5.2% 5.2% 5.2% 5.2% 5.1% 5.1% 5.1% 5.1% 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%
Utility PV - Daggett, CA - Constant 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3% 5.3%

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low $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 $0 $0 $0
Utility PV - Seattle - Mid $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 $0 $0 $0
Utility PV - Seattle - Constant $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 $0 $0 $0
Utility PV - Chicago - Low $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 $0 $0 $0
Utility PV - Chicago - Mid $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 $0 $0 $0
Utility PV - Chicago - Constant $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 $0 $0 $0
Utility PV - Kansas City - Low $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 $0 $0 $0
Utility PV - Kansas City - Mid $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 $0 $0 $0
Utility PV - Kansas City - Constant $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 $0 $0 $0
Utility PV - Los Angeles - Low $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 $0 $0 $0
Utility PV - Los Angeles - Mid $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 $0 $0 $0
Utility PV - Los Angeles - Constant $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 $0 $0 $0
Utility PV - Daggett, CA - Low $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 $0 $0 $0
Utility PV - Daggett, CA - Mid $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 $0 $0 $0
Utility PV - Daggett, CA - Constant $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 $0 $0 $0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Utility PV - Seattle - Low $81 $55 $43 $40 $38 $36 $35 $34 $32 $31 $30 $29 $28 $27 $25 $25 $25 $24 $24 $23 $22 $22 $21 $21 $20 $20 $19 $19 $18 $18 $17 $17 $16 $15 $15
Utility PV - Seattle - Mid $81 $55 $49 $46 $43 $41 $40 $40 $39 $39 $38 $37 $37 $36 $36 $35 $35 $35 $34 $34 $34 $33 $33 $33 $32 $32 $32 $31 $31 $31 $30 $30 $30 $29 $29
Utility PV - Seattle - Constant $81 $55 $51 $51 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53 $53
Utility PV - Chicago - Low $68 $46 $36 $34 $32 $30 $29 $28 $27 $26 $25 $24 $23 $22 $21 $21 $21 $20 $20 $19 $19 $18 $18 $18 $17 $17 $16 $16 $15 $15 $14 $14 $13 $13 $13
Utility PV - Chicago - Mid $68 $46 $41 $39 $37 $35 $34 $34 $33 $33 $32 $32 $31 $31 $30 $30 $30 $29 $29 $29 $29 $28 $28 $28 $27 $27 $27 $26 $26 $26 $26 $25 $25 $25 $24
Utility PV - Chicago - Constant $68 $46 $43 $43 $44 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45 $45
Utility PV - Kansas City - Low $61 $41 $32 $31 $29 $27 $26 $25 $25 $24 $23 $22 $21 $20 $19 $19 $19 $18 $18 $17 $17 $17 $16 $16 $15 $15 $15 $14 $14 $14 $13 $13 $12 $12 $12
Utility PV - Kansas City - Mid $61 $41 $37 $35 $33 $31 $31 $30 $30 $29 $29 $28 $28 $28 $27 $27 $27 $26 $26 $26 $26 $25 $25 $25 $25 $24 $24 $24 $24 $23 $23 $23 $22 $22 $22
Utility PV - Kansas City - Constant $61 $42 $39 $39 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40 $40
Utility PV - Los Angeles - Low $55 $37 $29 $28 $26 $25 $24 $23 $22 $21 $21 $20 $19 $18 $17 $17 $17 $17 $16 $16 $15 $15 $15 $14 $14 $14 $13 $13 $12 $12 $12 $11 $11 $11 $10
Utility PV - Los Angeles - Mid $55 $38 $33 $32 $30 $28 $28 $27 $27 $27 $26 $26 $25 $25 $25 $24 $24 $24 $24 $23 $23 $23 $23 $23 $22 $22 $22 $22 $21 $21 $21 $21 $20 $20 $20
Utility PV - Los Angeles - Constant $55 $38 $35 $35 $36 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37 $37
Utility PV - Daggett, CA - Low $45 $31 $24 $23 $21 $20 $20 $19 $18 $18 $17 $16 $16 $15 $14 $14 $14 $14 $13 $13 $13 $12 $12 $12 $11 $11 $11 $11 $10 $10 $10 $9 $9 $9 $9
Utility PV - Daggett, CA - Mid $45 $31 $27 $26 $24 $23 $23 $22 $22 $22 $21 $21 $21 $20 $20 $20 $20 $20 $19 $19 $19 $19 $19 $18 $18 $18 $18 $18 $17 $17 $17 $17 $17 $16 $16
Utility PV - Daggett, CA - Constant $45 $31 $29 $29 $29 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30 $30

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
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Capacity factor includes a conversion to AC. Therefore LCOE reflects $/MWh AC.
Capacity factors chosen here to reflect range across the continental U.S. in ReEDS.

Utility PV - Kansas City

Financial Assumptions:

Net Capacity Factor (%

Annual Energy 
Production (kWh/kW)

Construction 
Financing Cost 

($/kW)

Utility PV - Chicago

Inflation Rate

176,965

Weighted Average 
Cost of Capital 

(WACC) (Nominal) 
(%)

Solar Utility PV Inputs

Basis Year: 2016

Utility Scale Solar Photovoltaic

Utility PV - Seattle
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Utility PV - Los Angeles
Utility PV - Daggett, CA

ATB values reflect annual average capacity factor over 
life of plant including estimated degradation, starting at  

0.75% per year, reducing to 0.3% and 0.5% annual 
degradation by 2050 for the low- and mid-cases.
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Choose a Capital Recovery Period (CRP)

20 year

30 year

Technology Life (30 years)

CustomCRP

Group Box 53

R&D Financials

Financial Assumption

Market Factors Financials

U-20471 - August 21, 2019
Direct Testimony of A. Allison 

Exhibit: MEC-36; Source: NREL 2018 ATB "Solar-Utility PV" tab 
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY
10 year CRF - Low 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61%
10 year CRF - Mid 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61%
10 year CRF - Constant 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61% 11.61%
ITC Schedule 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
PVD - Low 0.868 0.869 0.870 0.871 0.872 0.873 0.874 0.875 0.876 0.877 0.879 0.880 0.881 0.882 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883
PVD - Mid 0.868 0.869 0.869 0.870 0.870 0.871 0.871 0.872 0.872 0.873 0.873 0.874 0.874 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875
PVD - Constant 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868 0.868
PFF - Low 1.046 1.045 1.045 1.045 1.044 1.044 1.044 1.043 1.043 1.042 1.042 1.042 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041 1.041
PFF - Mid 1.046 1.045 1.045 1.045 1.045 1.045 1.045 1.044 1.044 1.044 1.044 1.044 1.044 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043 1.043
PFF - Constant 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046 1.046

Year (Low) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
0.2 Depreciation Factor 1 0.9499 0.9503 0.9507 0.9511 0.9515 0.9519 0.9523 0.9527 0.9531 0.9535 0.9540 0.9544 0.9548 0.9552 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556 0.9556

0.32 2 0.9023 0.9031 0.9039 0.9046 0.9054 0.9062 0.9069 0.9077 0.9085 0.9093 0.9100 0.9108 0.9116 0.9124 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131 0.9131
0.19 3 0.8571 0.8582 0.8593 0.8604 0.8615 0.8626 0.8637 0.8648 0.8659 0.8670 0.8681 0.8692 0.8704 0.8715 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726
0.12 4 0.8142 0.8156 0.8169 0.8183 0.8197 0.8211 0.8225 0.8239 0.8253 0.8267 0.8282 0.8296 0.8310 0.8324 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338 0.8338
0.12 5 0.7734 0.7750 0.7767 0.7783 0.7800 0.7816 0.7833 0.7850 0.7867 0.7883 0.7900 0.7917 0.7934 0.7951 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968 0.7968
0.06 6 0.7346 0.7365 0.7384 0.7403 0.7422 0.7441 0.7460 0.7479 0.7498 0.7517 0.7536 0.7556 0.7575 0.7595 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614 0.7614

Year (Mid) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1 0.9499 0.9501 0.9503 0.9505 0.9507 0.9509 0.9511 0.9513 0.9515 0.9517 0.9519 0.9521 0.9523 0.9525 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527 0.9527
2 0.9023 0.9027 0.9031 0.9035 0.9039 0.9042 0.9046 0.9050 0.9054 0.9058 0.9062 0.9065 0.9069 0.9073 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077 0.9077
3 0.8571 0.8577 0.8582 0.8588 0.8593 0.8598 0.8604 0.8609 0.8615 0.8620 0.8626 0.8631 0.8637 0.8643 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648 0.8648
4 0.8142 0.8149 0.8156 0.8163 0.8169 0.8176 0.8183 0.8190 0.8197 0.8204 0.8211 0.8218 0.8225 0.8232 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239 0.8239
5 0.7734 0.7742 0.7750 0.7759 0.7767 0.7775 0.7783 0.7792 0.7800 0.7808 0.7816 0.7825 0.7833 0.7841 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850 0.7850
6 0.7346 0.7356 0.7365 0.7375 0.7384 0.7393 0.7403 0.7412 0.7422 0.7431 0.7441 0.7450 0.7460 0.7469 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479 0.7479

Year (Constant) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499 0.9499
2 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023 0.9023
3 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571 0.8571
4 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142 0.8142
5 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734 0.7734
6 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346 0.7346

Tariff Schedule ($/Wdc) 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 0 0 0
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List of Acronyms 
AC alternating current 
BOS balance of system 
DC direct current 
EPC engineering, procurement, and construction 
FICA Federal Insurance Contributions Act 
GW gigawatt 
ILR inverter loading ratio 
ITC investment tax credit 
LCOE levelized cost of energy 
MACRS Modified Accelerated Cost Recovery System 
MLPE module-level power electronics 
NEC National Electric Code 
NEM net energy metering  
NREL National Renewable Energy Laboratory 
O&M operation and maintenance 
PERC passivated emitter and rear cells 
PII permitting, inspection, and interconnection 
PV photovoltaic(s) 
Q quarter 
R&D research and development 
SAM System Advisor Model 
SG&A sales, general, and administrative 
TPO third party ownership 
USD U.S. dollars 
Vdc volts direct current 
Wac watts alternating current 
Wdc watts direct current 
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Executive Summary  
This report benchmarks U.S. solar photovoltaic (PV) system installed costs as of the first quarter 
of 2018 (Q1 2018). We use a bottom-up method, accounting for all system and project-
development costs incurred during the installation to model the costs for residential, commercial, 
and utility-scale systems. In general, we attempt to model the typical installation techniques and 
business operations from an installed-cost perspective. Costs are represented from the 
perspective of the developer/installer; thus, all hardware costs represent the price at which 
components are purchased by the developer/installer, not accounting for preexisting supply 
agreements or other contracts. Importantly, the benchmark also represents the sales price paid to 
the installer; therefore, it includes profit in the cost of the hardware,1 along with the profit the 
installer/developer receives, as a separate cost category. However, it does not include any 
additional net profit, such as a developer fee or price gross-up, which is common in the 
marketplace. We adopt this approach owing to the wide variation in developer profits in all three 
sectors, where project pricing is highly dependent on region and project specifics such as local 
retail electricity rate structures, local rebate and incentive structures, competitive environment, 
and overall project or deal structures. Finally, our benchmarks are national averages weighted 
by state installed capacities. Table ES-1 summarizes the first-order benchmark assumptions. 

Table ES-1. Benchmark Assumptions 

Unit Description 

Values 2018 U.S. dollars (USD)2.   

System Sizes In direct current (DC) terms; inverter prices are converted by DC-to-alternating 
current (AC) ratios 

 

PV Sector Description Size Range 

Residential Residential rooftop systems 3–10 kW 

Commercial Commercial rooftop systems, ballasted racking 10 kW–2 MW 

Utility-Scale Ground-mounted systems, fixed-tilt and one-axis tracker >2 MW  

Based on our bottom-up modeling, the Q1 2018 PV cost benchmarks are: 

• $2.70 per watt DC (Wdc) (or $3.11 per watt AC [Wac]) for residential systems 

• $1.83/Wdc (or $2.10/Wac) for commercial systems 

                                                 
1 Profit is one of the differentiators between “cost” (aggregated expenses incurred by a developer/installer to build 
a system) and “price” (what the end user pays for a system). 
2 The dollar per watt total cost value is benchmarked as three significant figures, because the model inputs, such as 
module and inverter prices, use three significant figures.  
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• $1.06/Wdc (or $1.44/Wac) for fixed-tilt utility-scale systems 

• $1.13/Wdc (or $1.47/Wac) for one-axis-tracking utility-scale systems.3 
Figure ES-1 puts our Q1 2018 benchmark results in context with the results of previous NREL 
benchmarking analyses. When comparing the results across this period, it is important to note 
the following: 

1. Values are inflation adjusted using the Consumer Price Index (2018). Thus, historical values 
from our models are adjusted and presented as real USD instead of nominal USD. 

2. Cost categories are aggregated for comparison purposes. “Soft Costs – Others” represents 
permitting, inspection, and interconnection (PII); land acquisition; sales tax; and engineering, 
procurement, and construction (EPC)/developer overhead and net profit.  

3. A comparison of Q1 2017 and Q1 2018 is presented in Table ES-2. 
Overall, modeled PV installed costs across the three sectors have experienced different recent 
changes. The inflation-adjusted system cost differences between Q1 2017 and Q1 2018 are a 
$0.14/Wdc decrease for residential PV, a $0.05/Wdc decrease for commercial PV, a $0.02/Wdc 
increase for fixed-tilt utility-scale PV, and a $0.01/Wdc increase for one-axis tracker utility-scale 
PV. Table ES-2 shows the benchmarked values for all three sectors and drivers of cost decreases 
and increases. 

 

                                                 
3 This year, we use the DC-to-AC ratio 1.36 for fixed-tilt and 1.30 for one-axis-tracking utility-scale PV systems 
(see Section 2.5). 
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Figure ES-1. NREL PV system cost benchmark summary (inflation adjusted), 2010–2018 
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Table ES-2. Comparison of Q1 2017 and Q1 2018 PV System Cost Benchmarks 

Sector Residential PV  Commercial PV Utility-Scale PV, One-
Axis Tracking 

Q1 2017 
Benchmarks in 
2017 USD/Wdc 

$2.80 $1.85 $1.11 

Q1 2017 
Benchmarks in 
2018 USD/Wdc 

$2.84  $1.88 $1.12 

Q1 2018 
Benchmarks in 
2018 USD/Wdc 

$2.70 $1.83 $1.13 

Drivers of Cost 
Decrease 

• Higher module 
efficiency 

• Lower structural BOS 
commodity price 

• Lower electrical BOS 
commodity price 

• Higher labor 
productivity 

• Lower supply chain 
costs 

• Decrease in higher-
cost module inventory  

• Higher small installer 
market share 

• Lower permitting cost  

• Lower inverter 
price  

• Higher module 
efficiency 

• Smaller developer 
team 

• Lower permitting 
and 
interconnection 
costs 
 
 

• Lower inverter price  
• Higher module 

efficiency 
• Optimized design 

coefficients for wind 
loads 

• 1,500 Vdc to replace 
1,000 Vdc 

• Lower developer 
overhead  
 

Drivers of Cost 
Increase 

• Higher mixed inverter 
price due to higher 
advanced inverter 
adoption  

• Higher module price 
• Higher labor wages  

• Higher module 
price 

• Higher labor 
wages  

• Higher module price 
• Higher labor wages 
• Higher steel prices 
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As Figure ES-1 shows, hardware cost did not experience substantial cost reductions in Q1 2018 
owing to an increase in U.S. module prices. This has changed the trend of percentage of non-
hardware, or “soft,” costs.4 Figure ES-2 shows the contribution from soft costs.5 Soft costs and 
hardware costs also interact with each other. For instance, module efficiency improvements have 
reduced the number of modules required to construct a system of a given size, thus reducing 
hardware costs. This trend has also reduced soft costs from direct labor and related installation 
overhead. 

 
Figure ES-2. Modeled trend of soft cost as a proportion of total cost by sector, 2010–2018 

Our bottom-up system cost models enable us to investigate regional variations, system 
configurations (such as module-level power electronics [MLPE] vs. non-MLPE, fixed-tilt vs. 
one-axis tracker, and small vs. large system size), and business structures (such as installer vs. 
integrator, and EPC vs. developer). Different scenarios result in different costs, so consistent 
comparisons can only be made when cost scenarios are aligned. 

Finally, the changes in installed cost—along with improvements in operation, system design, and 
technology—have resulted in changes in the cost of electricity (Figure ES-3). U.S. residential and 
commercial PV systems are 89% and 91% toward achieving the U.S. Department of Energy Solar 
Energy Technologies Office’s (SETO’s) 2020 electricity price targets, and U.S. utility-scale PV 
systems have achieved their 2020 SETO target 3 years early. 

                                                 
4 Soft cost = total cost - hardware (module, inverter, structural and electrical BOS) cost. 
5 An increasing soft cost proportion in Figure ES-2 indicates soft costs declined more slowly than did hardware 
costs; it does not indicate soft costs increased on an absolute basis.  
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Figure ES-3. NREL PV LCOE benchmark summary (inflation adjusted), 2010–2018 
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1 Introduction 
Solar photovoltaic (PV) deployment has grown rapidly in the United States over the past several 
years. As Figure 1 shows, in 2017 new U.S. PV installations included 2.1 GW in the residential 
sector, 1.5 GW in the commercial sector, and 7.1 GW in the utility-scale sector—totaling 10.7 
GW across all sectors (Bloomberg 2018). Although this represents 30% less capacity than in 
2016, it still represents 40% growth over 2015 installations and the second highest installation 
year to date. 

 
Figure 1. Growth of U.S. PV capacity, 2004–2017 (Bloomberg 2018) 

This report continues tracking cost reductions by benchmarking costs of U.S. residential, 
commercial, and utility-scale PV systems built in Q1 2018. It was produced in conjunction with 
several related research activities at NREL and Lawrence Berkeley National Laboratory (LBNL), 
which are documented in Barbose and Darghouth (2017), Bolinger and Seel (2017)6, Chung et 
al. (2015), Feldman et al. (2015), and Fu et al. (2016).  

Our benchmarking method includes bottom-up accounting for all system and project-
development costs incurred when installing residential, commercial, and utility-scale systems, 
and it models the Q1 2018 costs for such systems excluding any previous supply agreements 
or contracts. In general, we attempt to model the typical installation techniques and business 
operations from an installed-cost perspective, and our benchmarks are national averages of 
installed capacities, weighted by state. The residential benchmark is further averaged across 
installer and integrator business models, weighted by market share. All benchmarks assume non-
union construction labor, although union labor cases are estimated for utility-scale systems.  

                                                 
6 LBNL compares the bottom-up cost results among various entities, including our results. 
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Our modeled costs can be interpreted as the sales price an engineering, procurement, and 
construction (EPC) contractor/developer might charge for a system before any developer fee or 
price gross-up (although our costs do include development costs). We use this approach owing 
to the wide variation in developer profits in all three sectors, where project pricing is highly 
dependent on region and project specifics such as local retail electricity rate structures, local 
rebate and incentive structures, competitive environment, and overall project or deal structures. 

The remainder of this report is organized as follows. Section 2 describes our model inputs 
and sources. Sections 3, 4, and 5 show specific model inputs and outputs for the residential, 
commercial, and utility-scale PV sectors, including historical trends in system costs and the 
levelized costs of energy (LCOEs). Section 6 includes two additional applications of our cost 
modeling: system cost reduction from economies of scale and module efficiency impacts. 
Finally, Section 7 puts the results in context and offers conclusions. 
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2 Model Inputs and Sources 
This section describes our model inputs and sources. Section 2.1 describes our main data source, 
California’s Net Energy Metering (NEM) Interconnection Applications Data Set. Sections 2.2 
through 2.6 detail the inputs for the various components affecting PV system cost. Section 2.7 
describes how we allocate installations to installers versus integrators in the residential PV 
model, and Section 2.8 describes our LCOE calculation methods. 

2.1 California’s NEM Interconnection Applications Data Set  
We use the California NEM Interconnection Applications Data Set (CSI 2018) to benchmark 
generic system characteristics, such as system size, module power and efficiency, and choice 
of power electronics. This database is updated monthly and contains all interconnection 
applications in the service territories of the state’s three investor-owned utilities (Pacific Gas & 
Electric, Southern California Edison, and San Diego Gas & Electric). Although there are other 
databases for other markets, such as Massachusetts and New York, we use only the California 
NEM database to inform these general benchmark characteristics because of its higher 
granularity and greater consistency. However, we do not use the California NEM database for 
regional cost analyses. Inputs and sources for regional analyses are described in subsequent 
sections of this report. 

As shown in Figure 2, the California NEM database captures most residential capacity in 
California (81% of installed capacity in 2016 and 83% in 2017) and a sizable portion of 
commercial capacity (75% of installed capacity in 2016 and 54% in 2017). Note that: 

• We analyze only rooftop systems in the database for the residential and commercial 
sectors. We exclude ground-mounted systems.  

• We exclude systems with only alternating-current (AC) power records. 

• We exclude systems that were still in the validation phase. 

• We use GTM (2018) data to represent total installed capacities. 
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Figure 2. Installed capacities of residential and commercial PV systems covered by the California 

NEM database (Go Solar CA 2018) compared with GTM data (GTM Research 2018), 2010–2017 
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2.2 Module Power and Efficiency 
Figure 3 displays module power and efficiency data from the California NEM database. Since 
2010, module power and efficiency in both sectors have steadily improved. We use the values of 
17.2% (residential) and 19.1% (commercial and utility-scale) module efficiency in our models. 
Because module selection may vary in different regions, the average module efficiencies in 
regions other than California may be different. 

 
Figure 3. Module power and efficiency trends from the California NEM database 

(Go Solar CA 2018), 2010–2017 
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2.3 PV System Size 
Figure 4 displays average system sizes from the California NEM database. Average residential 
system sizes have not changed significantly over the past 6 years. We use the 2017 value of 6.2 
kW as the baseline case in our residential cost model. Conversely, commercial system sizes have 
changed more frequently, likely reflecting the wide scope for “commercial customers,” which 
include schools, office buildings, malls, retail stores, and government projects. We use 200 kW 
as the baseline case in our commercial model. 

 
Figure 4. PV system size trends from the California NEM database (Go Solar CA 2018), 2010–2017 
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2.4 Module-Level Power Electronics 
Microinverters and DC power optimizers are collectively referred to as module-level power 
electronics (MLPE). By allowing designs with different roof configurations (orientations and 
tilts) and constantly tracking the maximum power point for each module, MLPE provide an 
optimized design solution at the module level. 

 
Figure 5. Residential inverter market in California from the California NEM database 

(Go Solar CA 2018), 2010–20177  

                                                 
7 “Others” represents other companies with small market shares. Although some companies may also have MLPE-
based inverter products, we assume that SolarEdge and Enphase represent MLPE inverter manufacturers.  
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In 2017, MLPE—represented by the combined share of Enphase microinverters and SolarEdge 
DC power optimizer inverter solutions—reached 65% of the total California residential market 
share (Figure 5). In our residential system cost model, string inverter, power optimizer, and 
microinverter options are modeled separately, and their market shares (35%, 37%, and 28%) are 
used for the weighted-average case. Conversely, MLPE growth (represented by Enphase and 
SolarEdge) has been slow in California’s commercial sector, reaching a share of only 8% in 2017 
(Figure 6). Thus, we do not include MLPE inverter solutions in our commercial model. 

 

Figure 6. Commercial inverter market in California from the California NEM database 
(Go Solar CA 2018), 2010–2017 
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2.5 Inverter Prices and DC-to-AC Ratios 
As shown in Figure 7, we source non-MLPE inverter prices from the PVinsights (2018) 
database, which contains typical global prices between Tier 1 suppliers and developers in the 
market. For MLPE inverter prices, we use data from public corporate filings, shown in Figure 8 
(Enphase 2018, SolarEdge 2018).8 Enphase’s Q1 2018 revenue per inverter capacity shipped was 
$0.45/Wac, which represents the typical microinverter price. SolarEdge’s Q1 2018 revenue per 
inverter capacity shipped was $0.26/Wac, including sales from DC power optimizers, string 
inverters, and monitoring equipment, which are typically included in one product offering. GTM 
Research estimates a DC power optimizer cost of $0.06/Wac (GTM Research 2018), implying a 
string inverter and monitoring equipment price of $0.20/Wac.9 

We convert the USD/Wac inverter prices from Figure 7 and Figure 8 to USD/Wdc using the DC-
to-AC ratios shown in Table 1. In our benchmark, we use USD/Wdc for all costs, including 
inverter prices. 

 
Figure 7. Non-MLPE inverter prices (USD/Wac) from PVinsights (2018), Q1 2018 

 

                                                 
8 All sourced inverter prices are quoted in USD/Wac unless otherwise noted. 
9 DC Power Optimizer String Inverter and monitoring equipment Q1 2018 price of $0.20/Wac is calculated by 
subtracting the price of a DC power optimizer, as reported by GTM Research of $0.06/Wac, by the implied price of 
SolarEdge’s MLPE package of DC power optimizers, string inverters, and monitoring equipment (i.e. $0.26/Wac – 
$0.06/Wac = $0.20/Wac). 
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Figure 8. MLPE inverter shipments and prices (USD/Wac) from public corporate filings 

(Enphase 2018, SolarEdge 2018), Q1 2014–Q1 2018 
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Table 1. Inverter Price Conversion (2018 USD) 

Inverter Type Sector USD/Wac DC-to-AC Ratioa USD/Wdc 

Single-Phase String 
Inverter 

Residential PV (non-
MLPE) 0.14 1.15 0.12 

Microinverter Residential PV (MLPE) 0.45 1.15 0.39 

DC Power Optimizer 
String Inverter Residential PV (MLPE) 0.20 1.15 0.18 

Three-Phase String 
Inverter 

Commercial PV (non-
MLPE)  0.09 1.15 0.08 

Central Inverter Utility-scale PV (fixed-tilt) 0.06 1.36 (oversized)b 0.04 

Central Inverter Utility-scale PV (1-axis 
tracker) 0.06 1.30 (oversized) 0.05 

All inverter prices include the cost of monitoring equipment.  
a We updated the central inverter DC-to-AC ratios using Lawrence Berkeley National Laboratory data 
(Bolinger and Seel 2018); for the other ratios, we use the estimates from our 2017 report (Fu et al. 2017) 
based on interview feedback (NREL 2018). 
b A DC-to-AC ratio larger than one means that the PV array’s DC rating is higher than the inverter’s AC 
rating. This increases inverter utilization, although it also results in some PV energy curtailment, or 
“clipping,” during the sunniest periods when PV output exceeds the inverter’s capacity. PV module prices 
have dropped more rapidly than inverter prices have, and many utility-scale PV developers have found it 
economical to oversize their PV arrays. The resulting AC-generation gains during periods of less-than-
peak PV production more than offset the losses from occasional peak-period clipping (Bolinger and 
Seel 2016). 

2.6 Module Prices 
We assume an ex-factory gate (spot or first-buyer) price of $0.47/Wdc for Tier 1 crystalline-
silicon PV modules in Q1 2018. As Figure 9 shows, U.S. spot prices declined substantially 
between 2014 and 2016, approaching global spot prices. In 2017, however, U.S. spot prices rose 
as global spot prices continued to decline. Several factors, including uncertainty about U.S. 
policy on imported modules, may have contributed to the divergence between U.S. and global 
spot prices. In early 2018, U.S. spot prices were at $0.47/Wdc–$0.17/Wdc above the global spot 
price—and appeared to be leveling off.  

Although commercial and utility-scale PV developers typically can procure modules at or near 
the spot price, residential integrators and installers incur additional supply chain costs (Figure 
10). Historical inventory price can create a price lag (approximately six months) for the market 
module price in the residential sector when the modules from previous procurement are installed 
in today’s systems. In the Q1 2017 residential PV benchmark this supply chain cost represented 
$0.21/W – a 60% premium. Because US module ASP was lower than Q1 2018 pricing for much 
of 2017 we do not include this supply chain cost in the current benchmark. We assume that small 
installers and national integrators are both subject to a 15% ($0.07/W) premium on the spot 
price for module shipping and handling (NREL 2018), consistent with Q1 2017 residential PV 
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benchmark. Small installers are subject to an additional 35% ($16/W) premium owing to small-
scale procurement (Bloomberg 2018), increasing from an assumed 20% premium in the Q1 2017 
residential PV benchmark. Both types of companies are also subject to 6.9% sales tax (weighted 
national average), bringing the small installer module cost to $0.76/W and the national integrator 
cost to $0.58/W (Bloomberg 2018). 

 
Figure 9. Ex-factory gate prices (spot prices) for U.S. and global multicrystalline-silicon modules 

from GTM/SEIA (2018) data 

 
Figure 10. Total residential PV module market costs (2018 USD) 
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2.7 Small Installers vs. National Integrators in the Residential 
PV Model 

Our residential PV benchmark is based on two different business structures: “small installer” 
and “national integrator.” We define small installers as businesses that engage in lead generation, 
sales, and installation, but do not provide financing solutions. National integrators perform all 
small installer functions, and they provide financing and system monitoring for third-party-
owned systems. In our models, the difference between small installers and national integrators 
is  anifested in the overhead and sales and marketing cost categories, where the national 
integrator is modeled with higher expenses for customer acquisition, financial structuring, 
and asset management. 

To estimate the split in market share between small installers and national integrators, we use 
data compiled from corporate filings (Sunrun 2018, Vivint Solar 2018) and GTM Research and 
SEIA (2018). As shown in Figure 11, since 2015 small installers have gained more market share 
than national integrators, in part because the direct ownership business model, led by installers, 
has become more popular than third-party ownership. We use the 33% integrator and 67% 
installer market shares in our Q1 2018 model to compute the national weighted-average case 
in our residential PV model. 

 
Figure 11. Residential PV market share: integrator vs. installer, Q1 2014–Q1 2018 

GTM Research and SEIA 2018, Sunrun 2018, Vivint Solar 2018 
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2.8 PV Levelized Cost of Energy Methods 
Although LCOE is not a perfect metric to measure the competiveness of PV within the energy 
marketplace, it incorporates many PV metrics important to energy costs beyond upfront 
installation costs. In the previous edition of this report (Fu et al. 2017), we performed a literature 
review to determine inputs not already benchmarked in the report. When LCOE assumptions 
were not found in the selected literature in a given year, straight-line changes were assumed 
between any two values. This year, we inform the inputs using ongoing NREL benchmarking 
work. We input these assumptions into NREL’s System Advisor Model (SAM), a performance 
and financial model,10 to calculate real LCOEs (considering inflation) for various locations. 

Annual Degradation 
In January 2018, NREL and DOE interviewed nine independent engineers and PV project 
financiers, who said they assume an annual PV module degradation of 0.7% per year. For certain 
projects with specific project and system characteristics that have been well vetted, some 
independent engineers assume a 0.5% annual degradation (Feldman et al. 2018). Because this 
lower value only applies to specific projects, we benchmark the higher degradation rate. 

Operations and Maintenance 
In 2018, a PV O&M working group convened under the sponsorship of DOE’s Solar Energy 
Technologies Office released a model (apsuite.sunspec.org) and method to calculate the cost 
associated with PV system O&M. O&M measures in the cost model correlate to the PV O&M 
services described in NREL et al. (2016)11; O&M cost drivers in the model ultimately will be 
informed by actuarial failure and repair data, but current default values reflect the best judgement 
of the working group. 

O&M costs in the NREL O&M cost model include preventative maintenance, scheduled at 
regular intervals with costs increasing at an inflationary rate, as well as corrective maintenance to 
replace components. The model derives corrective maintenance by multiplying the replacement 
cost, including labor, by the probability that a failure will occur each year based on actuarial 
data. Component failure probabilities for each year are calculated using a Weibull, log-normal, 
or other distribution based on actual data, where possible. 

As shown in Figure 12, O&M costs include inverter replacement, which was a separately 
reported category from O&M costs in previous reports. The current benchmarks without inverter 
replacement are $11.5/kW/yr (residential), $12.0/kW/yr (commercial), $9.1/kW/yr (utility-scale, 
fixed-tilt), and $10.4/kW/yr (utility-scale, tracking), significantly below previous O&M-only 
benchmark estimates. This may indicate differences in assumptions about what type of work is 
included in O&M practices, or it may indicate that previous benchmarks incorporated some 
inverter replacement costs in both categories. 

                                                 
10 See https://sam.nrel.gov/. 
11 https://www.nrel.gov/docs/fy17osti/67553.pdf 
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Figure 12. Q1 2018 residential, commercial, and utility-scale O&M costs by category 

System losses 

Energy losses occur between PV generation and output to the grid owing to AC and DC wiring 
losses, soiling, inverter mismatch, and shading and snow for certain systems. We aggregate the 
losses into two categories: pre-inverter derate (or DC losses) and inverter efficiency (or AC 
losses). 

Based on data analyzed by NREL, previous system loss benchmarks are consistent with current 
performance in the field, so these benchmarks have not been changed for 2018. We do assume a 
higher-voltage inverter in this year’s utility-scale PV benchmark: 1,500 V rather than the 1,000 
V used previously. However, increasing voltage typically has a negligible overall impact on 
losses. On the DC side, it reduces conductor losses per length of conductor, yet system layouts 
typically move to longer string lengths resulting in similar overall losses on the DC side 
(although cost is reduced). On the AC side, AC loss factors have little to do with the DC system 
voltage, so typically the AC losses will not change with higher DC voltages. 

Financing 
In 2018, NREL published its third DOE-sponsored effort to benchmark financing costs across 
the residential, commercial, and utility-scale PV markets, as part of its larger effort to benchmark 
the components of PV system costs (Feldman et al. 2016, Feldman and Schwabe 2017, Feldman 
and Schwabe 2018). All data compiled for these reports are derived from a combination of basic 
literature reviews, product research, and interviews with industry professionals. 

From 2017 to 2018, there was a modest reduction in the cost of equity for PV projects, debt 
interest rates remained approximately the same, and the debt fraction increased (in part due to the 
lowering in 2017 of the federal corporate tax rate). That said, the values each year generally fall 
within the same range. Given the limited sample size of respondents each year, and the range of 
responses, we have kept our 2018 financing assumptions unchanged from 2017. 
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3 Residential PV Model 
This section describes our residential model’s structure, inputs, and assumptions (Section 3.1), 
output (Section 3.2), differences between modeled output and reported costs (Section 3.3), and 
historical PV price (Section 3.4) and LCOE (Section 3.5) trends. 

3.1 Residential Model Structure, Inputs, and Assumptions 
We model a 6.2-kW residential rooftop system using 60-cell, multicrystalline, 17.2%-efficient 
modules from a Tier 1 supplier and a standard flush mount, pitched-roof racking system. Figure 
13 presents the cost drivers and assumptions, cost categories, inputs, and outputs of the model. 
Table 2 presents modeling inputs and assumptions in detail. 

 

Figure 13. Residential PV: model structure  
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Table 2. Residential PV: Modeling Inputs and Assumptions 

Category Modeled Value Description Sources 
System size  6.2 kW Average installed size per system  Go Solar CA (2018)  
Module efficiency  17.2% Average module efficiency Go Solar CA (2018) 

Module price $0.47/Wdc Ex-factory gate (first buyer) price, Tier 1 modules GTM and SEIA (2018), NREL 
(2018) 

Inverter price  

Single-phase string 
inverter: $0.12/Wdc 
DC power optimizer 
string inverter: 
$0.18/Wdc 
Microinverter: 
$0.39/Wdc 

Ex-factory gate (first buyer) prices, Tier 1 inverters 
PVinsights (2018), NREL (2018), 
corporate filings (Enphase 2018, 
SolarEdge 2018)  

Structural BOS 
(racking)  $0.10/Wdc Includes flashing for roof penetrations and all the rails 

and clamps NREL (2018) 

Electrical BOS 
$0.19–$0.27/Wdc 
Varies by inverter 
option 

Conductors, switches, combiners and transition 
boxes, as well as conduit, grounding equipment, 
monitoring system or production meters, fuses, and 
breakers 

Model assumptions, NREL 
(2018), RSMeans (2017) 

Supply chain costs 
(% of equipment 
costs) 

Varies by installer 
type 

15% costs and fees associated with shipping and 
handling of equipment multiplied by the cost of doing 
business index (101%) 
Additional 35% small-scale procurement for module-
related supply chain costs for small installers. 
Additional 20% for inverter-related supply chain costs 
for small installers and 10% for national integrators  

NREL (2018), model assumptions  

Sales tax  
Varies by location; 
weighted national 
average: 6.9% 

Sales tax on the equipment; national benchmark 
applies an average (by state) weighted by 2017 
installed capacities 

RSMeans (2018), GTM and SEIA 
(2018) 

Direct installation 
labor  

Electrician: $19.74–
$38.96 per hour; 
Laborer: $12.88–
$25.57 per hour; 
Varies by location 
and inverter option 

Modeled labor rate depends on state; national 
benchmark uses weighted average of state rates  BLS (2018), NREL (2018) 

Burden rates (% of 
direct labor) 

Total nationwide 
average: 31.8% 

Workers compensation (state-weighted average), 
federal and state unemployment insurance, Federal 
Insurance Contributions Act (FICA), builders risk, 
public liability 

RSMeans (2018) 

Permitting, 
inspection, and 
interconnection 
(PII) 

$0.06/Wdc 
Includes assumed building permitting fee of $200 and 
six office staff hours for building permit preparation 
and submission, and interconnection application 
preparation and submission 

NREL (2018) 

Sales & marketing 
(customer 
acquisition)  

$0.30/Wdc 
(installer) 
$0.44/Wdc 
(integrator) 

Total cost of sales and marketing activities over the 
last year—including marketing and advertising, sales 
calls, site visits, bid preparation, and contract 
negotiation; adjusted based on state “cost of doing 
business” index 

NREL (2017), Sunrun (2017), 
Vivint Solar (2017), Feldman et 
al. (2013) 

Overhead (general 
& administrative) 

$0.29/Wdc 
(installer) 
$0.37/Wdc 
(integrator) 

General and administrative expenses—including fixed 
overhead expenses covering payroll (excluding 
permitting payroll), facilities, administrative, finance, 
legal, information technology, and other corporate 
functions as well as office expenses; adjusted based 
on state “cost of doing business” index 

NREL (2018), Feldman et al. 
(2013) 

Profit (%) 17% 
Fixed percentage margin applied to all direct costs 
including hardware, installation labor, direct sales and 
marketing, design, installation, and permitting fees  

Fu et al. (2017) 
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3.2 Residential Model Output 
Figure 14 presents the U.S. national benchmark from our residential model. The national 
benchmark represents an average weighted by 2017 state installed capacities. Market shares of 
67% for installers and 33% for integrators are used to compute the national weighted average. 
String inverter, power optimizer, and microinverter options are each modeled individually, and 
the “mixed” case applies their market shares (35%, 37%, and 28%)12 as weightings. 

 
Figure 14. Q1 2018 U.S. benchmark: 6.2-kW residential system cost (2018 USD/Wdc) 

Figure 15 presents the benchmark in the top U.S. PV markets (by 2018 installations), reflecting 
differences in supply chain and labor costs, sales tax, and SG&A expenses—that is, the cost of 
doing business (Case 2012). 

                                                 
12 This market share combination only reflects the California residential sector and may not reflect the actual 
national market shares.  
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Figure 15. Q1 2018 benchmark by location: 6.2-kW residential system cost (2018 USD/Wdc) 

3.3 Residential Model Output vs. Reported Costs 
As shown in Figure 16, our bottom-up modeling approach yields a different cost structure than 
those reported by public solar integrators in their corporate filings13 (Sunrun 2018, Vivint Solar 
2018). Because integrators sell and lease PV systems, they practice a different method of 
reporting costs than do businesses that only sell goods. Many of the costs for leased systems are 
reported over the life of the lease rather than the period in which the system is sold; therefore, it 
is difficult to determine the actual costs at the time of the sale. Although Sunrun and Vivint Solar 
report system costs in their corporate filings on a quarterly basis, the limited transparency in the 
public filings makes it difficult to determine the underlying costs as well as the timing of those 
costs. Because of the lack of transparency in the reported company costs, it is difficult to explain 
these differences entirely, and this topic is worthy of future research. Explanations could include 
the following: 

1. Reported companies may spend more on customer acquisition costs to grow market share.  
2. Reported companies’ customer acquisition costs consist of leasing, loan, and cash purchase 

options. Non-cash purchase options may have higher customer acquisition costs than the cash 
purchase model in this report. National installers also have recently spent considerable effort 
retraining sales teams as they have shifted focus towards offering customers a direct 
ownership option, rather than a lease or PPA. Retraining a sales staff can be a multi-month 
process and add considerable expense (GTM and SEIA 2018). Additionally, fewer systems 
may be sold during the transition process, which would increase customer acquisition costs 
on a per watt basis. 

3. Part of the difference in installation costs could come from preexisting contracts or older 
inventory that integrators used in systems installed in Q1 2018.  

                                                 
13 Since the acquisition of SolarCity by Tesla, its quarterly corporate filings do not include PV cost data (Tesla 
2018).  
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Figure 16. Q1 2018 NREL modeled cost benchmark (2018 USD/Wdc) vs. Q1 2018 company-

reported costs 

3.4 Residential PV Price Benchmark Historical Trends 
NREL began benchmarking PV system costs in 2010 to track PV costs against DOE Solar 
Energy Technologies Office (SETO) targets and to examine cost-reduction opportunities for 
achieving these goals.14 Since that time, NREL has produced seven additional benchmarks, 
including a historical Q4 2009 benchmark. Figure 17 summarizes the reduction in residential PV 
system cost benchmarks between 2010 and 2018.15 

                                                 
14 The original overarching 2020 SETO goal for solar was to reach levelized cost parity with a new thermal plant, 
estimated to be 6 ¢/kWh without subsidies, or a system installed cost of $1/W. Commercial and residential PV were 
later separated to have their own goals of costs below retail rates, estimated to be 7 ¢/kWh and 9 ¢/kWh, or system 
installed costs of $1.25/W and $1.50/W, respectively (all 2020 targets are quoted in nominal USD). In recognition of 
the transformative solar progress to date and the potential for further innovation, in 2016 SETO extended its goals to 
reduce the unsubsidized cost of energy by 2030 to 3¢/kWh, 4¢/kWh, and 5¢/kWh for utility-scale PV, commercial 
PV, and residential PV (all 2030 targets are quoted in nominal USD). 
15 Each year’s PV system cost benchmark corresponds to the NREL benchmark calculted in Q4 of the previous year 
or Q1 of the current year (e.g., 2010 = Q4 2009; 2017 = Q1 2017). 
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Figure 17. NREL residential PV system cost benchmark summary (inflation adjusted), 

2010–2018 

As demonstrated in Figure 17, from 2010 to 2018 there was a 63% reduction in the residential 
PV system cost benchmark. Approximately 57% of that reduction can be attributed to total 
hardware costs (module, inverter, and hardware BOS), with module prices dropping 82% over 
that period. An additional 19% can be attributed to labor costs, which dropped 77% over that 
period. The final 24% is attributable to other soft costs, including PII, sales tax, overhead, and 
net profit. 

From 2017 to 2018, there was a 5% reduction in the residential PV system cost benchmark. 

3.5 Residential PV Levelized Cost of Energy Historical Trends 
Assumptions for the residential PV LCOE benchmarks from 2010 to 2018 are summarized in 
Table 3. In addition to a 63% reduction in installed cost from 2010 to 2018, O&M costs declined 
60%, annual degradation declined 30%, equity discount rate declined 23%, debt interest rate 
declined 13%, and debt fraction increased 17%. 
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Table 3. Residential PV LCOE Assumptions, 2010–2018 
2018 USD 
per Watt DC 

2010 2011 2012 2013 2014 2015 2016 2017 2018 

Benchmark report 
Installed 
cost ($/W) 

7.34 6.44 4.55 3.97 3.49 3.23 3.02 2.84 2.70 

System size 
(kw-DC)  

5.0 5.0 5.1 5.1 5.2 5.2 5.6 5.7 6.2 

Inverter 
loading 
ratio 

1.10 1.11 1.12 1.13 1.13 1.14 1.15 1.15 1.15 

Ongoing NREL benchmarking 
Annual 
degradation 
(%) 

1.00% 0.95% 0.90% 0.85% 0.80% 0.75% 0.75% 0.75% 0.70% 

O&M 
expenses 
($/kw-yr) 

54  48  41  36  30  25  25  24  22  

Pre-inverter 
derate (%) 

90.0% 90.1% 90.2% 90.3% 90.4% 90.5% 90.5% 90.5% 90.5% 

Inverter 
efficiency 
(%) 

94.0% 94.8% 95.6% 96.4% 97.2% 98.0% 98.0% 98.0% 98.0% 

Equity 
discount 
rate (real) 

9.0% 8.6% 8.3% 7.9% 7.6% 7.3% 6.9% 6.9% 6.9% 

Inflation 
rate 

2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 

Debt 
interest rate 

5.5% 5.4% 5.3% 5.2% 5.0% 4.9% 4.8% 4.8% 4.8% 

Debt 
fraction 

34.2% 35.2% 36.1% 37.1% 38.1% 39.0% 40.0% 40.0% 40% 

All 2010–2017 data are from Fu et al. (2017), adjusted for inflation. The inverter replacement line-item in Fu et al. 
(2017) is incorporated into O&M expenses in this edition to be consistent with the 2018 O&M benchmark. Other 
important assumptions: residential PV system LCOE assumes a 1) system lifetime of 30 years; 2) federal tax rate of 
35% from 2010–2017, changing to 21% in 2018; 3) state tax rate of 7%; 4) MACRS depreciation schedule; 5) no 
state or local subsidies; 6) a working capital and debt service reserve account for 6 months of operating costs and 
debt payments (earning an interest of 1.75%); 7) a 3-month construction loan, with an interest rate of 4% and a fee 
of 1% of the cost of the system; 8) a module tilt angle of 25 degrees, and an azimuth of 180 degrees; 9) 
debt with a term of 18 years; and 10) $1.1 million of upfront financial transaction costs for a $100 million 
TPO transaction of a pool of residential projects. 

Using these assumptions, we calculate the residential PV LCOE—with and without the 30% 
federal investment tax credit (ITC)—in Phoenix (high solar resource), Kansas City (medium), 
and New York City (low), corresponding to the locations used to calculate LCOE in the SunShot 
Vision Study (U.S. DOE 2012) (Figure 18).16 From 2010 to 2018, residential PV LCOE declined 
71% (6% between 2017 and 2018), resulting in an unsubsidized LCOE of $0.12–$0.16/kWh 
($0.08–$0.10/kWh when including the federal ITC). This reduction is 89% toward achieving 
SETO’s 2020 residential PV LCOE goal.17 

                                                 
16 Because this analysis uses a more robust set of current and historical assumptions, LCOE values may differ from 
previously reported benchmarked values. 
17 In 2018 USD, the 2020 SETO target is $0.10/kWh, and the residential LCOE in Kansas City (without the ITC) is 
$0.51/kWh in 2010 and $0.15/kWh in 2018; see Appendix A. Progress toward the SETO target is calculated as 
follows: (0.507 – 0.147)/(0.507 – 0.102) = 89%.  
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Figure 18. LCOE for residential PV systems, by region, with and without ITC, 2010–2018  
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4 Commercial PV Model 
This section describes our commercial model’s structure, inputs, and assumptions (Section 4.1) 
and output (Section 4.2) as well as historical PV price (Section 4.3) and LCOE (Section 4.4) 
trends. 

4.1 Commercial Model Structure, Inputs, and Assumptions 
We model a 200-kW, 1,000-volt DC (Vdc), commercial-scale flat-roof system using 
multicrystalline 19.1%-efficient modules from a Tier 1 supplier, three-phase string inverters, and 
a ballasted racking solution on a membrane roof. A penetrating PV mounting system can have 
higher energy yield (kWh per kW) owing to wider tilt-angle range allowance. However, we do 
not model this system type, because its market share has declined owing to additional required 
flashing and sealing work, roof warranty issues, and the relative difficulty of replacing such a 
system in the future. Figure 19 presents a schematic of our commercial-scale system cost model. 
Table 4 presents the detailed modeling inputs and assumptions. We separate our cost estimate 
into EPC and project-development functions. Although some firms engage in both activities in 
an integrated manner, and potentially achieve lower cost and pricing by reducing the total margin 
across functions, we believe the distinction can help separate and highlight the specific cost 
trends and drivers associated with each function. 

 

Figure 19. Commercial PV: model structure 
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Table 4. Commercial PV: Modeling Inputs and Assumptions 

Category Modeled Value Description Sources 
System size  100 kW–1 MW  Average installed size per system  Go Solar CA (2018) 
Module efficiency  19.1% Average module efficiency Go Solar CA (2018) 

Module price $0.47/Wdc Ex-factory gate (first buyer) ASP, Tier 1 modules GTM and SEIA (2018), NREL 
(2018) 

Inverter price  Three-phase string 
inverter: $0.08/Wdc 

Ex-factory gate prices (first buyer) ASP, Tier 1 
inverters PVinsights (2018), NREL (2018) 

Structural 
components 
(racking)  

$0.10–$0.22/Wdc; varies 
by location due to wind and 
snow loading 

Ex-factory gate prices; flat-roof ballasted racking 
system  

ASCE (2006), model 
assumptions, NREL (2018) 

Electrical 
components  

$0.13–$0.17/Wdc; varies 
by location due to cost of 
doing business 

Conductors, conduit and fittings, transition boxes, 
switchgear, panel boards, etc.  

Model assumptions, NREL 
(2018), RSMeans (2018) 

EPC overhead (% 
of equipment 
costs) 

13%  Costs and fees associated with EPC overhead, 
inventory, shipping, and handling NREL (2018) 

Sales tax  Varies by location 
Sales tax on equipment costs; national benchmark 
applies an average (by state) weighted by 2017 
installed capacities 

RSMeans (2018), GTM and SEIA 
(2018) 

Direct installation 
labor  

Electrician: $19.74–$38.96 
per hour; 
Laborer: $12.88–$25.57 
per hour; 
Varies by location 

Modeled labor rate assumes non-union labor and 
depends on state; national benchmark uses 
weighted average of state rates  

BLS (2018), NREL (2018)  

Burden rates (% of 
direct labor) 

Total nationwide average: 
31.8% 

Workers compensation (state-weighted average), 
federal and state unemployment insurance, FICA, 
builders’ risk, public liability 

RSMeans (2018) 

PII $0.10/Wdc 
For construction permits fee, interconnection study 
fees for existing substation, testing, and 
commissioning 

NREL (2018) 

Developer 
overhead 

Assume 10-MW system 
development and 
installation per year for a 
typical developer 

Includes fixed overhead expenses such as payroll, 
facilities, travel, insurance, administrative, business 
development, finance, and other corporate functions; 
assumes 10 MW/year of system sales  

Model assumptions, NREL (2018) 

Contingency 4% Estimated as markup on EPC cost; value represents 
actual cost overruns above estimated cost NREL (2018) 

Profit 7% 
Applies a fixed percentage margin to all costs 
including hardware, installation labor, EPC 
overhead, developer overhead, etc. 

NREL (2018)  

4.2 Commercial Model Output 
Figure 20 presents the U.S. national benchmark from our commercial model. As in the 
residential model, the national benchmark represents an average weighted by 2017 state-
installed capacities. We model different system sizes because of the wide scope of the 
“commercial” sector, which comprises a diverse customer base occupying a variety of building 
sizes. Economies of scale—driven by hardware, labor, and related markups—are evident here. 
As system sizes increase, the per-watt cost to build them decreases. This holds even as we 
assume that a typical developer has 10 MW of system development and installation per year, and 
therefore has overhead on this 10 MW total capacity that does not vary for different system sizes. 
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When a developer installs more capacity annually, the developer’s overhead per watt in each 
system declines (shown in Figure 18 in our Q1 2015 benchmark report, Chung et al. 2015). 

 
Figure 20. Q1 2018 U.S. benchmark: commercial PV system cost (2018 USD/Wdc) 

Figure 21 presents the benchmark from our commercial model by location in the top U.S. PV 
markets (by 2017 installations). The main cost drivers for different regions in the commercial PV 
market are the same as in the residential model (labor rates, sales tax, and cost of doing business 
index), but also include costs associated with wind or snow loading. 
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Figure 21. Q1 2018 benchmark by location: 200-kW commercial PV system cost (2018 USD/Wdc)  

4.3 Commercial PV Price Benchmark Historical Trends 
Figure 22 shows the 66% reduction in commercial PV system cost benchmarks between 2010 
and 2018.18 Approximately 79% of that reduction can be attributed to total hardware costs 
(module, inverter, and hardware BOS), with module prices dropping 82% over that period. An 
additional 5% can be attributed to labor, which dropped 50% over that period. The final 16% is 
attributable to other soft costs, including PII, sales tax, overhead, and net profit. 

 
Figure 22. NREL commercial PV system cost benchmark summary (inflation adjusted), 

2010–2018 

                                                 
18 Each year’s PV system cost benchmark corresponds to the NREL benchmark calculated in Q4 of the previous 
year or Q1 of the current year (e.g., 2010 = Q4 2009; 2017 = Q1 2017). 
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From 2017 to 2018, there was a 3% reduction in the commercial PV system cost benchmark. 
Cost reductions in most categories were moderated by a 32% increase in module spot price.  

4.4 Commercial PV Levelized Cost of Energy Historical Trends 
Assumptions for the commercial PV LCOE benchmarks from 2010 to 2018 are summarized in 
Table 5. In addition to a 66% reduction in installed cost from 2010 to 2018, O&M costs declined 
47%, annual degradation declined 30%, equity discount rate declined 23%, debt interest rate 
declined 13%, and debt fraction increased 17%. 

Table 5. Commercial PV LCOE Assumptions, 2010–2018 
2018 USD 
per Watt DC 

2010 2011 2012 2013 2014 2015 2016 2017 2018 

Benchmark report 
Installed cost 
($/W) 

5.43  5.04  3.47  2.82  2.80  2.30  2.20  1.88  1.83  

 System size 
(kw-DC)  

200 200 200 200 200 200 200 200 200 

Inverter 
loading ratio 

1.10 1.11 1.12 1.13 1.13 1.14 1.15 1.15 1.15 

Ongoing NREL benchmarking 
Annual 
degradation 
(%) 

1.00% 0.95% 0.90% 0.85% 0.80% 0.75% 0.75% 0.75% 0.70% 

O&M 
expenses 
($/kw-yr) 

33  30  28  25  22  19  19  18  18  

Pre-inverter 
derate (%) 

90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 

Inverter 
efficiency (%) 

95.0% 95.6% 96.2% 96.8% 97.4% 98.0% 98.0% 98.0% 98.0% 

Equity 
discount rate 
(real) 

9.0% 8.6% 8.3% 7.9% 7.6% 7.3% 6.9% 6.9% 6.9% 

Inflation rate 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 
Debt interest 
rate 

5.5% 5.4% 5.3% 5.2% 5.0% 4.9% 4.8% 4.8% 4.8% 

Debt fraction 34.2% 35.2% 36.1% 37.1% 38.1% 39.0% 40.0% 40.0% 40% 
All 2010–2017 data are from Fu et al. (2017), adjusted for inflation. The inverter replacement line-item in Fu et al. 
(2017) is incorporated into O&M expenses in this edition to be consistent with the 2018 O&M benchmark. Other 
important assumptions: commercial PV system LCOE assumes a 1) system lifetime of 30 years; 2) federal tax rate of 
35% from 2010–2017, changing to 21% in 2018; 3) state tax rate of 7%; 4) MACRS depreciation schedule; 5) no 
state or local subsidies; 6) a working capital and debt service reserve account for 6 months of operating costs and 
debt payments (earning an interest of 1.75%); 7) a 6-month construction loan, with an interest rate of 4% and a fee of 
1% of the cost of the system; 8) a system size of 200 kW; 9) an inverter lifetime of 15 years; 10) a module tilt angle of 
10 degrees and an azimuth of 180 degrees; 11) debt with a term of 18 years; and 12) $1.1 million of upfront financial 
transaction costs for a $100 million TPO transaction of a pool of commercial projects.  
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Using these assumptions, we calculate the commercial PV LCOE—with and without the 30% 
federal ITC—in Phoenix (high solar resource), Kansas City (medium), and New York City 
(low), corresponding to the locations used to calculate LCOE in the SunShot Vision Study (U.S. 
DOE 2012) (Figure 23).19 From 2010 to 2018, commercial PV LCOE declined 72% (3% 
between 2017 and 2018), resulting in an unsubsidized LCOE of $0.09–$0.12/kWh ($0.06–
$0.08/kWh when including the federal ITC). This reduction is 91% toward achieving SETO’s 
2020 commercial PV LCOE goal.20 

 
Figure 23. LCOE for commercial PV systems, by region, with and without ITC, 2010–2018 

  

                                                 
19 Because this analysis uses a more robust set of current and historical assumptions, LCOE values may differ from 
previously reported benchmarked values. 
20 In 2018 USD, the 2020 SETO target is $0.08/kWh, and the commercial LCOE in Kansas City (without the ITC) is 
$0.39/kWh in 2010 and $0.11/kWh in 2018; see Appendix A. Progress toward the SETO target is calculated as 
follows: (0.393 – 0.109)/(0.393 – 0.079) = 91%. 
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5 Utility-Scale PV Model 
This section describes our utility-scale model’s structure, inputs, and assumptions (Section 5.1) 
and output (Section 5.2) as well as historical PV price (Section 5.3) and LCOE (Section 5.4) 
trends.  

5.1 Utility-Scale Model Structure, Inputs, and Assumptions 
We model a baseline 100-MW, 1,000-Vdc utility-scale system using 72-cell, multicrystalline 
19.1%-efficient modules from a Tier 1 supplier and three-phase central inverters. We model 
both fixed-tilt and one-axis tracking on ground-mounted racking systems using driven-pile 
foundations. In addition, we separate our cost estimate into EPC and project-development 
functions. Although some firms engage in both activities in an integrated manner, we believe the 
distinction can help separate and highlight the specific cost trends and drivers associated with 
each function. Figure 24 presents a schematic of our utility-scale system cost model, and Table 6 
details its assumptions and inputs. 

 

Figure 24. Utility-scale PV: model structure 
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Table 6. Utility-Scale PV: Modeling Inputs and Assumptions 

Category Modeled Value Description Sources 
System size  5-100 MW A large utility-scale system capacity Model assumption 
Module 
efficiency  19.1% Average module efficiency NREL (2018)  

Module price $0.47/Wdc Ex-factory gate (first buyer) price, Tier 1 
modules 

GTM and SEIA (2018), NREL 
(2018) 

Inverter price  
$0.04/Wdc (fixed-tilt) 
$0.05/Wdc (one-axis 
tracker)  

Ex-factory gate (first buyer) price, Tier 1 
inverters  
DC-to-AC ratio = 1.36 for fixed-tilt and 1.30 
for one-axis tracker 

Bloomberg (2018), Bolinger 
and Seel (2018), NREL (2018) 

Structural 
components 
(racking)  

$0.10–$0.21/Wdc for 
a 100-MW system; 
varies by location and 
system size  

Fixed-tilt racking or one-axis tracking system  ASCE (2006), model 
assumptions, NREL (2018) 

Electrical 
components  

Varies by location 
and system size 

Our model has been upgraded to 1,500 Vdc 
system, including conductors, conduit and 
fittings, transition boxes, switchgear, panel 
boards, onsite transmission, etc.  

Model assumptions, NREL 
(2018), RSMeans (2018) 

EPC overhead 
(% of 
equipment 
costs) 

8.67%–13% for 
equipment and 
material (except for 
transmission line 
costs); 23%–69% for 
labor costs; varies by 
system size, labor 
activity, and location  

Costs associated with EPC SG&A, 
warehousing, shipping, and logistics  NREL (2018) 

Sales tax  Varies by location National benchmark applies an average (by 
state) weighted by 2017 installed capacities 

RSMeans (2018), GTM and 
SEIA (2018) 

Direct 
installation 
labor  

Electrician: $19.74–
$38.96 per hour; 
Laborer: $12.88–
$25.57 per hour; 
Varies by location 

Modeled labor rate assumes both non-union 
and union labor and depends on state; 
national benchmark uses weighted average 
of state rates 

BLS (2018), NREL (2018) 

Burden rates 
(% of direct 
labor) 

Total nationwide 
average: 31.8% 

Workers compensation (state-weighted 
average), federal and state unemployment 
insurance, FICA, builders’ risk, public liability 

RSMeans (2018) 

PII 
$0.03–$0.09/Wdc 
Varies by system size 
and location 

For construction permits fee, interconnection, 
testing, and commissioning NREL (2018) 

Transmission 
line 
(gen-tie line) 

$0.00–$0.02/Wdc 
Varies by system size  

System size < 10 MW; use 0 miles for gen-
tie line 
System size > 200 MW; use 5 miles for gen-
tie line  
System size = 10–200 MW; use linear 
interpolation 

Model assumptions, NREL 
(2018) 

Developer 
overhead 

2%–12%  
Varies by system size 
(100 MW uses 2%; 5 
MW uses 12%) 

Includes overhead expenses such as payroll, 
facilities, travel, legal fees, administrative, 
business development, finance, and other 
corporate functions 

Model assumptions, NREL 
(2018) 

Contingency 3% Estimated as markup on EPC cost NREL (2018) 

Profit 
5%–8%  
Varies by system size 
(100 MW uses 5%; 5 
MW uses 8%) 

Applies a percentage margin to all costs 
including hardware, installation labor, EPC 
overhead, developer overhead, etc. 

NREL (2018) 
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This year we updated our utility-scale model from 1,000 Vdc to 1,500 Vdc. A higher voltage 
means that we can add more modules per string to reduce trenching, wiring, and cabling work 
and reduce the number of combiner boxes. Table 7 shows the different characteristics for 1,000 
Vdc versus 1,500 Vdc. 

Table 7. Characteristics of Assuming 1,500 Vdc vs. 1,000 Vdc for Utility-Scale PV Systems 
 

1,000 Vdc  1,500 Vdc  

Input max. voltage (Vdc) 1,000  1,500  

Output nominal AC power 
(MVA, megavolt amp) 

0.792  4 

Rated AC operating voltage (Vac) 356 550 

Reduce trenching  0% 33% 

Reduce wiring and cables 0% 33% 

Reduce number of combiner boxes  0% 33% 

Power harvesting and system efficiency Regular Higher 

Figure 25 shows the percentage of U.S. utility-scale PV systems using tracking systems for 
2007–2017. Although the data include one-axis and dual-axis tracking systems in the same 
“tracking” category, there are many more one-axis trackers than dual-axis trackers (Bolinger 
and Seel 2018). Cumulative tracking system installation reached 79% in 2017.  
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Figure 25. Percentage of U.S. utility-scale PV systems using tracking systems, 2007–2017 

(Bolinger and Seel 2018) 

Although EPC contractors and developers tend to employ low-cost, non-union labor (based on 
data from BLS 2018) for PV system construction when possible, union labor is sometimes 
mandated. Construction trade unions may negotiate with the local jurisdiction and EPC 
contractor/developer during the public review period of the permitting process. Figure 26 shows 
2017 utility-scale PV capacity installed (GTM Research and SEIA 2018) and the proportion of 
unionized labor in each state (BLS 2018). The unionized labor number represents the percentage 
of employed workers in each state’s entire construction industry who are union members. In our 
utility-scale model, both non-union and union labor rates are considered (Figure 27). 
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Figure 26. Utility-scale PV: 2017 capacity installed and percentage of unionized labor by state 

(BLS 2018, GTM Research and SEIA 2018) 

5.2 Utility-Scale Model Output 
Figure 27 presents the regional EPC benchmark from our utility-scale model, and Figure 28 
presents the U.S. national benchmark (EPC + developer) for fixed-tilt and one-axis tracker 
systems, using non-union labor. In Figure 28, note the following: 

1. The national benchmark applies an average weighted by 2017 installed capacities. 
2. Non-union labor is used. 
3. Economies of scale—driven by BOS, labor, related markups, and development cost—are 

demonstrated.  
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Figure 27. Q1 2018 benchmark by location: 100-MW utility-scale PV systems, EPC only 

(2018 USD/Wdc)21 

                                                 
21 The fixed-tilt, non-union cost is always lowest, followed by the one-axis tracker, non-union cost and the one-axis 
tracker, union cost. Thus, the bars are additive: the fixed-tilt, non-union cost is represented by the dark green bar 
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Figure 28. Q1 2018 U.S. benchmark: utility-scale PV total cost (EPC + developer), 2018 USD/Wdc 

5.3 Utility-Scale PV Price Benchmark Historical Trends 
Figure 29 shows the 77% (fixed-tilt) and 80% (one-axis tracking) reductions in utility-scale PV 
system cost benchmarks between 2010 and 2018.22 Approximately 69% (fixed) and 63% (one-
axis) of those reductions can be attributed to total hardware costs, with module prices dropping 
81% over that period. An additional 11% (fixed) and 12% (one-axis) can be attributed to labor, 
which dropped 81% (fixed) and 84% (one-axis) over that period. The final 20% (fixed) and 25% 
(one-axis) are attributable to other soft costs, including PII, sales tax, overhead, and net profit.  

                                                 
alone; the one-axis tracker, non-union cost is the sum of the dark green and medium green bars; and the one-axis 
tracker, union cost is the sum of all three bars. 
22 Each year’s PV system cost benchmark corresponds to the NREL benchmark calculted in Q4 of the previous year 
or Q1 of the current year (e.g., 2010 = Q4 2009; 2017 = Q1 2017). 
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Figure 29. NREL utility-scale PV system cost benchmark summary (inflation adjusted), 2010–2018 

From 2017 to 2018, there was a 1% increase in the utility-scale (fixed-tilt) PV system cost 
benchmark, and a 0.4% increase in the utility-scale (one-axis) PV system cost benchmark. The 
majority of that increase can be attributed to the 32% increase in module spot price, which offset 
cost reductions in other areas. 

5.4 Utility-Scale PV Levelized Cost of Energy Historical Trends 
Assumptions for the utility-scale PV LCOE benchmarks from 2010 to 2018 are summarized in 
Table 8. In addition to an 80% reduction in the installed cost of utility-scale (one-axis) systems 
from 2010 to 2018, O&M costs declined 49%, annual degradation declined 30%, equity discount 
rate declined 14%, debt interest rate declined 18%, and debt fraction increased 17%. 

Using these assumptions, we calculate the utility-scale PV LCOE—with and without the 30% 
federal ITC—in Phoenix (high solar resource), Kansas City (medium), and New York City 
(low), corresponding to the locations used to calculate LCOE in the SunShot Vision Study (U.S. 
DOE 2012) (Figure 30).23 We use the fixed-tilt systems for LCOE benchmarks from 2010 to 
2015 and then switch to one-axis tracking systems from 2016 to 2018 to reflect the market share 
change in Figure 25. All detailed LCOE values can be found in the appendix. 

From 2010 to 2018, utility-scale PV LCOE declined 80%–82% (6%–9% between 2017 and 
2018), resulting in an unsubsidized LCOE of $0.04–$0.06/kWh ($0.03–$0.04/kWh when 
including the federal ITC). This reduction signifies the achievement of SETO’s 2020 utility-scale 
PV goal.24  

                                                 
23 Because this analysis uses a more robust set of current and historical assumptions, LCOE values may differ from 
previously reported benchmarked values. 
24 The 2020 utility-scale goal is not adjusted for inflation, because wholesale electricity prices were relatively flat, 
and in some cases declined, from 2010–2018. A summary of these values can be found in Appendix A. 
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Table 8. One-Axis Tracker and Fixed-Tilt Utility-Scale PV LCOE Assumptions, 2010–2018 

2018 USD per Watt DC 2010 2011 2012 2013 2014 2015 2016 2017 2018 

One-Axis Tracker 

Installed cost ($/W)  5.52   4.65   3.20   2.43   2.18   2.00   1.56   1.12   1.13  

Annual degradation (%) 1.00% 0.95% 0.90% 0.85% 0.80% 0.75% 0.75% 0.75% 0.70% 

O&M expenses ($/kW-yr)  28   27   25   24   23   22   21   20   14  

Pre-inverter derate (%) 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 

Inverter efficiency (%) 96.0% 96.4% 96.8% 97.2% 97.6% 98.0% 98.0% 98.0% 98.0% 

Inverter loading ratio 1.10 1.12 1.13 1.15 1.17 1.18 1.20 1.30 1.30 

Equity discount rate (real) 7.4% 7.2% 7.0% 6.9% 6.7% 6.5% 6.3% 6.3% 6.3% 

Inflation rate 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 

Debt interest rate 5.5% 5.3% 5.2% 5.0% 4.8% 4.7% 4.5% 4.5% 4.5% 

Debt fraction 34.2% 35.2% 36.1% 37.1% 38.1% 39.0% 40.0% 40.0% 40.0% 

Fixed-Tilt 

Installed cost ($/W)  4.63   3.97   2.70   2.07   1.91   1.85   1.47   1.04   1.06  

Annual degradation (%) 1.00% 0.95% 0.90% 0.85% 0.80% 0.75% 0.75% 0.75% 0.70% 

O&M expenses ($/kW-yr)  28   26   24   22   20   18   18   17   13  

Pre-inverter derate (%) 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 90.5% 

Inverter efficiency (%) 96.0% 96.4% 96.8% 97.2% 97.6% 98.0% 98.0% 98.0% 98.0% 

Inverter loading ratio 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.30 1.36 

Equity discount rate (real) 7.4% 7.2% 7.0% 6.9% 6.7% 6.5% 6.3% 6.3% 6.3% 

Inflation rate 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 

Debt interest rate 5.5% 5.3% 5.2% 5.0% 4.8% 4.7% 4.5% 4.5% 4.5% 

Debt fraction 34.2% 35.2% 36.1% 37.1% 38.1% 39.0% 40.0% 40.0% 40.0% 

All 2010–2017 data are from Fu et al. (2017), adjusted for inflation. The inverter replacement line-item in Fu et al. 
(2017) is incorporated into O&M expenses in this edition to be consistent with the 2018 O&M benchmark. Other 
important assumptions: utility-scale PV system LCOEs assume a 1) system lifetime of 30 years; 2) federal tax rate of 
35% from 2010–2017, changing to 21% in 2018; 3) state tax rate of 7%; 4) MACRS depreciation schedule; 5) no 
state or local subsidies; 6) a working capital and debt service reserve account for 6 months of operating costs and 
debt payments (earning interest of 1.75%); 7) a 6-month construction loan with an interest rate of 4% and a fee of 1% 
of the cost of the system; 8) a system size of 100 MW; 9) an inverter lifetime of 15 years; 10) debt with a term of 18 
years; and 11) $1.1 million of upfront financial transaction costs. 
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Figure 30. LCOE for utility-scale PV systems, by region, with and without ITC, 2010–2018 
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6 Model Applications 
This section includes two additional applications of our cost modeling: system cost reduction 
from economies of scale (Section 6.1) and module efficiency impacts (Section 6.2). The 
granularity of our bottom-up models enables us to determine the changes in particular cost 
drivers over time. Accordingly, the models can be used to predict future system cost-reduction 
opportunities based on particular market trends and technologies. 

6.1 System Cost Reduction from Economies of Scale 
Figure 31 demonstrates the cost savings from increased system size. Scaling up the system size 
from 50 MW to 100 MW reduces related costs in several ways: per-watt BOS costs are reduced 
because of bulk purchasing, labor costs benefit from learning-related improvements for larger 
systems, and EPC overhead and developer costs are spread over more installed capacity. Note 
that non-union labor is used in this figure. 

  
Figure 31. Model application: U.S. utility-scale one-axis tracking PV system cost reduction 

from economies of scale (2018 USD/Wdc) 

6.2 Module Efficiency Impacts 
Our system cost models can also assess the economic benefits of high module efficiency. 
Because higher module efficiency reduces the number of modules required to reach a certain 
system size, the related racking or mounting hardware, foundation, BOS, EPC/developer 
overhead, and labor hours are reduced accordingly. Figure 32 presents the relationship between 
module efficiency and installed cost (with module prices held equal for any given efficiency) and 
demonstrates the cost-reduction potential due to high module efficiency. Note that a fixed-tilt 
system is used in the utility-scale curve and a string inverter is used in the residential curve.
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Figure 32. Modeled impacts of module efficiency on total system costs, 2018 
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7 Conclusions 
Based on our bottom-up modeling, the Q1 2018 PV cost benchmarks are $2.70/Wdc 
($3.11/Wac) for residential systems, $1.83/Wdc ($2.10/Wac) for commercial systems, 
$1.06/Wdc ($1.44/Wac) for fixed-tilt utility-scale systems, and $1.13/Wdc ($1.47/Wac) for 
one-axis-tracking utility-scale systems. Overall, modeled installed costs of residential and 
commercial PV systems continued to decline in Q1 2018. Meanwhile, modeled utility-scale PV 
system cost increased slightly. 

Figure 33 puts our Q1 2018 benchmark results in context with the results of previous NREL 
benchmarking analyses. When comparing the results across this period, note the following: 

1. Values are inflation adjusted using the U.S. Bureau of Labor Statistics’ Consumer Price 
Index. Thus, historical values from our models are adjusted and presented as real USD 
instead of as nominal USD. 

2. Cost categories are aggregated for comparison purposes. “Soft Costs – Others” represents 
PII, land acquisition, sales tax, and EPC/developer overhead and profit. 

3. The “Utility-Scale PV, One-Axis Tracker (100 MW)” consists of our previous bottom-up 
results (2010 and 2013–2016) and interpolation estimates for 2009 and 2011–2012.  

4. The comparison of Q1 2017 and Q1 2018 is presented in Table 9. 
The inflation-adjusted system cost differences between Q1 2017 and Q1 2018 are a $0.14/Wdc 
decrease for residential PV, a $0.05/Wdc decrease for commercial PV, a $0.02/Wdc increase for 
fixed-tilt utility-scale PV, and a $0.01/Wdc increase for one-axis tracker utility-scale PV. Table 9 
shows the benchmarked values for all three sectors and drivers of cost decreases and increases. 

As Figure 33 shows, hardware cost did not decline substantially in Q1 2018 owing to module 
price increases. This has decreased the percentage of non-hardware, or “soft,” costs.25 Figure 34 
shows the various contributions from soft costs.26 Soft costs and hardware costs also interact 
with each other. For instance, module efficiency improvements have reduced the number of 
modules required to construct a system of a given size, thus reducing hardware costs.  

Also, our bottom-up system cost models enable us to investigate regional variations, system 
configurations (such as MLPE vs. non-MLPE, fixed-tilt vs. one-axis tracker, and small vs. large 
system size). In addition, business structures (such as installer vs. integrator, and EPC vs. 
developer) are considered. Different scenarios result in different costs, so consistent comparisons 
can only be made when cost scenarios are aligned. 

Finally, the reduction in installed cost—along with improvements in operation, system design, 
and technology—have resulted in significant LCOE reductions (Figure 35). U.S. residential and 
commercial PV systems are 89% and 91% toward achieving SETO’s 2020 electricity price 
targets, and U.S. utility-scale PV systems have achieved their 2020 SETO target 3 years early.  

                                                 
25 Soft cost = total cost - hardware (module, inverter, structural, and electrical BOS) cost. 
26 An increasing soft cost proportion in Figure 34 indicates soft costs declined more slowly than did hardware costs; 
it does not indicate soft costs increased on an absolute basis. 
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Figure 33. NREL PV system cost benchmark summary (inflation adjusted), 2010–2018 

  

U-20471 - August 21, 2019 
Direct Testimony of A. Allison 

Exhibit: MEC-37; Source: NREL Solar PV Benchmark Q1 2018 
Page 57 of 63



44 
This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

Table 9. Comparison of Q1 2017 and Q1 2018 PV System Cost Benchmarks 

Sector Residential PV  Commercial PV Utility-Scale PV, One-
Axis Tracking 

Q1 2017 
Benchmarks in 
2017 USD/Wdc 

$2.80 $1.85 $1.11 

Q1 2017 
Benchmarks in 
2018 USD/Wdc 

$2.84  $1.88 $1.12 

Q1 2018 
Benchmarks in 
2018 USD/Wdc 

$2.70 $1.83 $1.13 

Drivers of Cost 
Decrease 

• Higher module 
efficiency 

• Lower structural BOS 
commodity price 

• Lower electrical BOS 
commodity price 

• Higher labor 
productivity 

• Lower supply chain 
costs 

• Decrease in higher-
cost module inventory  

• Higher small installer 
market share 

• Lower permitting cost  

• Lower inverter 
price  

• Higher module 
efficiency 

• Smaller 
developer team 

• Lower permitting 
and 
interconnection 
costs 
 
 

• Lower inverter price  
• Higher module 

efficiency 
• Optimized design 

coefficients for wind 
loads 

• 1,500 Vdc to replace 
1,000 Vdc 

• Lower developer 
overhead  
 

Drivers of Cost 
Increase 

• Higher mixed inverter 
price due to higher 
advanced inverter 
adoption  

• Higher module price 
• Higher labor wages  

• Higher module 
price 

• • Higher labor 
wages  

• Higher module price 
• Higher labor wages 
• Higher steel prices 
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Figure 34. Modeled trend of soft cost as a proportion of total cost by sector, 2010–2018 

 

Figure 35. NREL PV LCOE benchmark summary (inflation adjusted), 2010–2018 
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Appendix. PV System LCOE Benchmarks in 2018 USD 
Table 10. NREL LCOE Summary (2018 cents/kWh) 

                                                 
27 2020 residential and commercial SETO goals are adjusted for inflation using the Consumer Price Index; the 2020 utility-scale goal was left unchanged, because wholesale prices 
were relatively flat, and in some cases declined, from 2010–2018. 

Reporting Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 
202027 
Goal 

2030 
Goal 

Benchmark Date Q4 2009 Q4 2010 Q4 2011 Q4 2012 Q4 2013 Q1 2015 Q1 2016 Q1 2017 Q1 2018   
Residential            
Phoenix, AZ, no ITC 41.5 34.9 24.1 20.1 16.9 14.8 13.5 12.7 12.0   
Kansas City, MO, no ITC 50.7 42.6 29.4 24.6 20.6 18.0 16.5 15.5 14.7 10.2 5.1 

New York, NY, no ITC 54.0 45.4 31.3 26.2 21.9 19.2 17.5 16.5 15.6   
Phoenix, AZ, ITC 27.6 23.1 16.1 13.4 11.2 9.8 8.9 8.5 7.9   
Kansas City, MO, ITC 33.7 28.3 19.7 16.4 13.7 11.9 10.9 10.3 9.7   
New York, NY, ITC 35.9 30.1 20.9 17.5 14.6 12.7 11.6 11.0 10.3   
Commercial            
Phoenix, AZ, no ITC 31.8 28.2 19.1 15.0 14.2 11.2 10.4 9.1 8.8   
Kansas City, MO, no ITC 39.3 34.9 23.6 18.6 17.5 13.9 12.9 11.2 10.9 7.9 4.1 

New York, NY, no ITC 41.6 37.0 25.0 19.7 18.6 14.7 13.7 11.9 11.5   
Phoenix, AZ, ITC 21.0 18.6 12.7 10.0 9.4 7.5 6.9 6.1 5.9   
Kansas City, MO, ITC 25.9 23.0 15.7 12.4 11.6 9.2 8.6 7.5 7.3   
New York, NY, ITC 27.5 24.3 16.6 13.1 12.3 9.8 9.1 7.9 7.7   
Utility-scale (one-axis 
tracking)         

 
  

Phoenix, AZ, no ITC 21.1 17.4 12.0 9.1 8.0 7.1 5.6 4.4 4.1   
Kansas City, MO, no ITC 26.7 22.0 15.1 11.5 10.1 9.0 7.1 5.5 5.2 6.1 3.1 

New York, NY, no ITC 29.4 24.3 16.7 12.6 11.1 9.9 7.9 6.1 5.7   
Phoenix, AZ, ITC 14.0 11.6 8.0 6.1 5.4 4.8 3.9 3.1 2.8   
Kansas City, MO, ITC 17.7 14.6 10.1 7.7 6.8 6.1 4.9 3.9 3.5   
New York, NY, ITC 19.5 16.1 11.2 8.5 7.5 6.7 5.4 4.3 3.9   
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Utility-scale (fixed-tilt)            
Phoenix, AZ, no ITC 22.4 18.7 12.8 9.7 8.8 8.3 6.7 4.9 4.8   
Kansas City, MO, no ITC 27.3 22.9 15.6 11.9 10.7 10.1 8.1 6.0 5.8   
New York, NY, no ITC 29.2 24.4 16.7 12.7 11.5 10.7 8.6 6.4 6.2   
Phoenix, AZ, ITC 14.9 12.5 8.6 6.6 6.0 5.6 4.6 3.4 3.2   
Kansas City, MO, ITC 18.2 15.2 10.5 8.1 7.3 6.8 5.5 4.2 4.0   
New York, NY, ITC 19.4 16.3 11.2 8.6 7.8 7.2 5.9 4.5 4.2   

U-20471 - August 21, 2019 
Direct Testimony of A. Allison 

Exhibit: MEC-37; Source: NREL Solar PV Benchmark Q1 2018 
Page 63 of 63



MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471
ELPC 
ELPCDE-4.46a 
T. L. Schroeder/
L. K. Mikulan
1 of 1 

Question: Please refer to WP LKM-37. In each of the wind tabs, the capacity factor 
increases as time passes. For instance, the capacity factor is assumed to 
be 33.9%, 34.4%, 34.9%, 35.3%, 36.8%, and 39.9% in 2021, 2022, 2023, 
2023, 2025-2030, and 2031-2040, respectively. By contrast, the solar 
capacity factor is assumed to fall from 24.3% to 23.1% for 2021-2024 and 
2025-2040, respectively. 

a) What is the source for the projected wind capacity factors for each of the
year(s) listed above?

Answer: The source is 2018 NREL ATB, Land-Based Wind (TRG 7 – Mid).  
https://atb.nrel.gov/electricity/data.html 

For years 2025 – 2030 the capacity factor in WP LKM-37 is an average of 
the 2018 NREL ATB net capacity factor future projections years 2025 
through 2030. 

For years 2031 – 2040 the capacity factor in WP LKM-37 is an average of 
the 2018 NREL ATB net capacity factor future projections years 2031 
through 2040.   

Attachments: N/A 
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Question: Please refer to WP LKM-37. In each of the wind tabs, the capacity factor 

increases as time passes. For instance, the capacity factor is assumed to 
be 33.9%, 34.4%, 34.9%, 35.3%, 36.8%, and 39.9% in 2021, 2022, 2023, 
2023, 2025-2030, and 2031-2040, respectively. By contrast, the solar 
capacity factor is assumed to fall from 24.3% to 23.1% for 2021-2024 and 
2025-2040, respectively. 

 
b) What is the cause of the increase in wind capacity factor over time? 

 
 
Answer: The Company utilized the 2018 NREL ATB’s “mid technology cost 

scenario,” which assumes “technology advances through continued 
industry growth, public and private R&D investments, and market conditions 
relative to current levels that may be characterized as “likely” or “not 
surprising.” (Source: 2018 NREL ATB Documentation: 
https://atb.nrel.gov/electricity/2018/index.html?t=lw) 

 
 
 
Attachments: N/A 
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Question: Please refer to WP LKM-37. In each of the wind tabs, the capacity factor 

increases as time passes. For instance, the capacity factor is assumed to 
be 33.9%, 34.4%, 34.9%, 35.3%, 36.8%, and 39.9% in 2021, 2022, 2023, 
2023, 2025-2030, and 2031-2040, respectively. By contrast, the solar 
capacity factor is assumed to fall from 24.3% to 23.1% for 2021-2024 and 
2025-2040, respectively. 

 
c) Confirm that the solar capacity factor is calculated from the assumed 

2020 DC capacity factor of 18.9% and is degraded by 0.5% per year. If 
deny, please explain the basis for the solar capacity factors. 

 
 
Answer: Confirmed. 
 
 
 
Attachments: N/A 
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Question: Please refer to WP LKM-37. In each of the wind tabs, the capacity factor 

increases as time passes. For instance, the capacity factor is assumed to 
be 33.9%, 34.4%, 34.9%, 35.3%, 36.8%, and 39.9% in 2021, 2022, 2023, 
2023, 2025-2030, and 2031-2040, respectively. By contrast, the solar 
capacity factor is assumed to fall from 24.3% to 23.1% for 2021-2024 and 
2025-2040, respectively. 

 
d) Why did the Company not assume any technological improvement in 

solar technology that may reduce the annual degradation over the 2020 
baseline when modeling future capacity factors for systems installed 
beyond 2020? 

 
 
Answer: 2018 NREL assumes “0.75% module capacity degradation per year in the 

base year and declining to 0.5% ... module capacity degradation per year 
by 2050 for the Mid ... cost scenarios.” (Source 2018 NREL ATB 
Documentation). DTE used 0.5% degradation throughout the study period. 
NREL’s “Mid” forecast (and thus, DTE’s modeling assumptions) assumed 
“technology advances through continued industry growth, public and private 
R&D investments, and market conditions relative to current levels that may 
be characterized as “likely” or “not surprising.” (Source: 2018 NREL ATB 
Documentation: https://atb.nrel.gov/electricity/2018/index.html?t=su)  

 
 
 
Attachments: N/A 
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Question: Please refer to WP LKM-37. In each of the wind tabs, the capacity factor 

increases as time passes. For instance, the capacity factor is assumed to 
be 33.9%, 34.4%, 34.9%, 35.3%, 36.8%, and 39.9% in 2021, 2022, 2023, 
2023, 2025-2030, and 2031-2040, respectively. By contrast, the solar 
capacity factor is assumed to fall from 24.3% to 23.1% for 2021-2024 and 
2025-2040, respectively. 

 
e) Why did the Company not perform more granular modeling of solar 

resources? It used two solar proxies resources (2021-2024 and 2025-
2040) compared to 6 for wind. 

 
 
Answer: The reason for creating two solar proxies and five out of the six wind proxies 

was to account for the production tax credit (PTC) and the Investment tax 
credit (ITC). The two solar proxies account for the 30% ITC for years 2021 
to 2024 and the 10% ITC for years 2025 to 2040. The five wind proxies 
account for the PTCs as follows; $25/MWh, $20/MWh, $15/MWh, $10/MWh 
and $0/MWh. The sixth wind proxy was added to account for a capacity 
factor change from 36% in 2025 to 41% in 2040. 

 
 WP LKM-448 LCOE UPDATED contains a third Solar proxy, (S100), which 

is a 100MW unit as opposed to the other two proxies, which are 50 MW.   
 

To summarize: 
Alternative Years Tax Credit Capacity Factor 
SITC 2021-2024 30% ITC 22.9% 
S25 (50 MW) 2025-2040 10% ITC 22.9% 
S100 (100 MW) 2025-2040 10% ITC 22.9% 
WP21 2021 $25/MWh 33.9% 
WP22 2022 $20/MWh 34.4% 
WP23 2023 $15/MWh 34.9% 
WP24 2024 $10/MWh 35.3% 
WP25 2025-2030 $0/MWh 36.8% 
WP31 2031-2040 $0/MWh 39.9% 
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Attachments: WP LKM-448 LCOE UPDATED is among the workpapers that were 
updated to reflect a correction to the Company’s modeling which were 
supplied on the Company’s Discovery Portal on June 25, 2019: 

 
https://dteenergy.sharepoint.com/sites/DiscoveryPortal/Elec/U-
204712019IRPPublic/default.aspx  
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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
25
26
27
28

29
30
31
32
33
34
35
36
37

38
39
40
41
42

A B C D E F G H I

Scenario: REF
Revenue Requirement

Technology 2018 2024 CAGR Rate
AdvCC $727,505.08 $809,601.31 1.7980%
CCwCCS $1,023,620.00 $1,119,589.48 1.5048%
AdvCT $201,832.18 $223,743.66 1.7326%
RICE $143,628.36 $158,982.31 1.7071%
DTE CC $1,450,469.08 $1,616,591.43 1.8236%
Solar 2021 ‐2024 (SITC) $83,031.58 $88,092.37 0.9910%
Solar 2025‐2040 $91,335.63 $97,646.01 0.9590%
S100 $182,671.26 Added 
WPTC21 $270,915.20 $270,915.20 0.000%
WPTC22 $295,852.94 $295,852.94 0.000%
WPTC23 $322,817.94 $322,817.94 0.000%
WPTC24 $351,248.64 $351,248.64 0.000%
W25 $348,786.17 $404,202.46 2.129%
W31 $348,786.17

Reference
Costs are from manualy changed to specified in service date, capacity factor and Tax credit

In service Capacity Factor PTC ($/MWh) Rev Req 

PRV NAMES (Assumptions tab O6) (Tech Inputs tab G22) (Financial Input tab E12)
(Output from Wind tab 
J31)

WP21 Wind 2021 2021 33.9 24.99 $270,915.20
WP22 Wind 2022 2022 34.5 20.40 $295,852.94
WP23 Wind 2023 2023 34.9 15.61 $322,817.94
WP24 Wind 2024 2024 35.3 10.62 $351,248.64
W25‐ Wind 2025 ‐2040 2025 38.7 0.00 $404,202.46

Wind 2025 ‐2040 2018 38.7 0.00 $348,786.17

In service ITC Rev Req

(Assumptions tab P6) (Financial Input tab E13)
(Output from SolarTr tab 
J31)

Solar 2021 ‐2024 2018 30% $83,031.58
2024 30% $88,092.37

Solar 2025‐2040 2018 10% $91,335.63
2025 10% $97,646.01

Input the Rev Req values from col H as 2018 $ and 
kept Escalation rate =0%. Also made sure each of 
the units are first available and last available in 

that particular year only.

WPTC21 ‐ 2018 Rev Req (STR i/ps) $s are 2021 NPV $s, with no Escalation rate 

Same for WPTC 22, WPTC23 & WPTC 24
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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
25
26
27
28

29
30
31
32
33
34
35
36
37

38
39
40
41
42

J K L M N O P Q R S T U V W X Y Z AA AB AC
Instructions

1. Select the right scenario from drop down menu in 'Assumptions' tab. (Cell D2)
2. For AdvCC, AdvCT, RICE, CCwCCs & DECC ‐ type in 2018 in cell D8 on individual technology tab, write down the value from cell J31 (NPV of RevReq). This is 2018$ that goes in PROVIEW Model.
3. UNDO the type in, so the formula appears back in cell D8
4. Write down this number again (J31) as 2024 $
5. Repeat this for technologies listed in step 2.
6. For Solar Tr, for unit 2021‐2024 ‐ type in year 2018 and write down the number ‐ UNDO‐write down the 2024 number.
7. For Solar Tr, for unit 2025‐2040 

a) Type in Tax credit % (row 28) to 10%
b) Type in 2018 ‐ write down the value
c) Type in 2025 ‐ write down the value
d) UNDO 3 times.

8. For Wind units, inputs are year, CF% & Tax credit $/MWh:
Year CF, % $/MWh

1 2021 33.9 24.99
2 2022 34.5 20.40
3 2023 34.9 15.61
4 2024 35.3 10.62
5 2018 38.7 0.00
6 2025 38.7 0.00
a) Type in each year and its corresponding CF & $/MWh and write down the value
b) Remember to undo after each case

* For the Wind units W21, W22, W23 & W24 ‐ we input 2021‐2024 values as 2018$ in PROVIEW w/o any escalation rate. And make the unit first & last available only in that year 

9) Type in all the values in Strategist tab (for that scenario). Double check the numbers. 
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Summary

2

• MISO Region has adequate resources to meet its 

Planning Reserve Margin Requirement of nearly 

135,000 MW

• Footprint cleared at $2.99$2.99$2.99$2.99/MW-day

• Zone 7 (MI) cleared at $24.30$24.30$24.30$24.30/MW-day

• Regional generation supply consistent with the 2018 

OMS-MISO Survey

• Several offers (~1.5MW) were mitigated by the 

Independent Market Monitor (IMM) for economic 

withholding, with a $0.01/MW-day impact on Zone 7.

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

UCAP
(Confirmed)

PRMR Peak Load
Forecast

2019 PRA (MW)

04/12/2019:  MISO Planning Resource Auction (PRA) for Planning Year 2019-2020 Results Posting 

U-20471 - August 21, 2019 
Direct Testimony of A. Allison 

Exhibit: MEC-40; Source: MISO 2019-2020 PRA Results 
Page 2 of 15



Background
MISO’s Resource Adequacy construct combines regional and local criteria to achieve a leastMISO’s Resource Adequacy construct combines regional and local criteria to achieve a leastMISO’s Resource Adequacy construct combines regional and local criteria to achieve a leastMISO’s Resource Adequacy construct combines regional and local criteria to achieve a least----
cost solution for the region cost solution for the region cost solution for the region cost solution for the region 

The Independent Market 
Monitor (IMM) reviews the 
auction results for physical and 
economic withholding

Multiple options exist for Load-Serving Entities to demonstrate Resource 
Adequacy:

• Submit a Fixed Resource Adequacy Plan (FRAP)

• Utilize bilateral contracts with another resource owner

• Participate in the Planning Resource Auction (PRA)

InputsInputsInputsInputs

• Local Clearing Requirement (LCR) = capacity 
required from within each zone

• MISO-wide reserve margin requirements, which can 
be shared among the Zones, and Zones may import 
capacity to meet this requirement above LCR

• Capacity Import/Export Limits (CIL/CEL) = Zonal 
transmission limitations

• Sub-Regional contractual limitations such as 
between MISO’s South and Central/North Regions

OutputsOutputsOutputsOutputs

• Commitment of capacity to the MISO region, including 
performance obligations

• Capacity price (ACP = Auction Clearing Price) for each 
Zone 

• ACP price drives the settlements process

• Load pays the Auction Clearing Price for the Zone in 
which it is physically located

• Cleared capacity is paid the Auction Clearing Price for 
the Zone where it is physically located
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Changes Since 2018 Auction

TREATMENT OF EXTERNAL RESOURCES (ER18TREATMENT OF EXTERNAL RESOURCES (ER18TREATMENT OF EXTERNAL RESOURCES (ER18TREATMENT OF EXTERNAL RESOURCES (ER18----2363):2363):2363):2363):

In Oct. 2018, FERC approved MISO’s filing to improve consistency between 
resources outside of MISO and resources external to a Local Resource Zone but 
within the footprint. 

NEW NEW NEW NEW REQUIREMENTS FOR LOAD MODIFYING REQUIREMENTS FOR LOAD MODIFYING REQUIREMENTS FOR LOAD MODIFYING REQUIREMENTS FOR LOAD MODIFYING RESOURCESRESOURCESRESOURCESRESOURCES (ER19(ER19(ER19(ER19----650):650):650):650):

In Feb. 2019,  FERC approved part of MISO’s Resource Availability and Need 
initiative related to Load Modifying Resource (LMR) availability.  LMRs must now 
make themselves available for as much of the year as possible and with the 
shortest-possible notification times. 

ONGOING ONGOING ONGOING ONGOING FLEET CHANGE: FLEET CHANGE: FLEET CHANGE: FLEET CHANGE: 

The auction results reflect the industry’s ongoing shift away from coal-fired 
generation and increasing reliance on gas-fired resources and renewables, as 
well as other trends discussed in our MISO Forward report. 
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2019/2020 Auction Clearing Price Overview

5

Zone Local Balancing Authorities
Price 

$/MW-Day

1
DPC, GRE, MDU, MP, NSP, OTP, 

SMP
$2.99

2
ALTE, MGE, UPPC, WEC, WPS, 

MIUP
$2.99

3 ALTW, MEC, MPW $2.99

4 AMIL, CWLP, SIPC $2.99

5 AMMO, CWLD $2.99

6 BREC, CIN, HE, IPL, NIPS, SIGE $2.99

7 CONS, DECO $24.30

8 EAI $2.99

9 CLEC, EES, LAFA, LAGN, LEPA $2.99

10 EMBA, SME $2.99

ERZ
SPP, PJM, OVEC, LGEE, AECI, 

SPA, TVA
$2.99

ERZ = External Resource Zones

04/12/2019:  MISO Planning Resource Auction (PRA) for Planning Year 2019-2020 Results Posting 

U-20471 - August 21, 2019 
Direct Testimony of A. Allison 

Exhibit: MEC-40; Source: MISO 2019-2020 PRA Results 
Page 5 of 15



Offer Curve:  2018/19 vs 2019/20

6
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2019/20 Planning Resource Auction Results

7

Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 Z9 Z10 ERZ System

PRMR 18,374.9 13,449.9 9,882.0 9,792.3 8,297.1 18,659.8 21,976.0 7,963.5 21,350.2 4,997.3 N/A 134,743.0

Offer 

Submitted

(Including 

FRAP)

20,187.3 13,575.1 11,009.4 11,428.8 7,959.7 17,946.9 22,063.2 10,611.8 21,162.4 4,593.0 1,545.0 142,082.6

FRAP 14,318.7 11,278.9 4,124.4 832.1 0.0 1,587.0 12,096.9 489.4 171.9 1,380.3 134.6 46,414.2

Self 

Scheduled 

(SS)

3,938.1 2,258.0 6,187.6 6,249.7 7,844.1 13,945.1 9,682.7 9,276.5 18,750.5 2,644.1 1,270.5 82,046.9

Non-SS 

Offer 

Cleared

404.4 0.0 79.1 1,523.7 0.0 2,069.4 32.0 443.9 1,232.7 368.9 127.8 6,281.9

Committed 

(Offer 

Cleared + 

FRAP)

18,661.2 13,536.9 10,391.1 8,605.5 7,844.1 17,601.5 21,811.6 10,209.8 20,155.1 4,393.3 1,532.9 134,743.0

LCR 16,588.7 13,017.5 7,960.2 6,222.1 4,860.1 13,226.1 21,811.6 6,116.3 19,525.2 3,048.8 - N/A

CIL 3,754 1,714 2,896 6,771 5,013 7,067 3,211 4,250 3,631 3,792 - N/A

ZIA 3,753 1,713 2,987 5,312 5,013 6,924 3,211 4,249 3,631 3,792 - N/A

Import 0.0 0.0 0.0 1,186.8 453.0 1,058.3 164.4 0.0 1,195.1 604.0 - 4,661.6

CEL 3,373.2 978.7 4,589.7 3,770.2 2,122.0 1,434.5 1,358.0 5,263.1 2,223.6 1,721.0 - N/A

Export 286.3 87 509.1 0 0 0 0 2,246.3 0 0 1532.9 4,661.6

ACP 

($/MW-

Day)

2.99 2.99 2.99 2.99 2.99 2.99 24.30 2.99 2.99 2.99 2.99 N/A

Values displayed in MW UCAP
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Historical Auction Clearing Price Comparison

8

PY Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 ERZs

2014-2015 $3.29 $16.75 $16.44 N/A N/A

2015-2016 $3.48 $150.00 $3.48 $3.29 N/A N/A

2016-2017 $19.72 $72.00 $2.99 N/A

2017-2018 $1.50 N/A

2018-2019 $1.00 $10.00 N/A

2019-2020 $2.99 $24.30 $2.99 

Conduct 

Threshold
24.24 23.88 23.95 24.22 24.65 24.05 24.34 23.23 22.37 23.12 24.65

Cost of New 

Entry
242.36 238.82 239.51 242.16 246.47 240.49 243.37 232.27 223.67 231.15 246.47

• Auction Clearing Prices & are displayed as $/MW-day
• Conduct Threshold is 10% of Cost of New Entry  (CONE)
• Conduct Threshold is $0 for a generator with a Facility Specific Reference Level 
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Supply Offered & Cleared

9

Planning Resource
Type

2018-2019 
Offered

2019-2020 
Offered

2018-2019 
Cleared

2019-2020 
Cleared

Generation 126,159 125,290 120,855 119,779

External Resources 3,903 4,402 3,089 3,183

Behind the Meter 
Generation

4,176 4,202 4,098 4,097

Demand Resources 7,370 7,876 6,964 7,372

Energy Efficiency 173 312 173 312

TotalTotalTotalTotal 141,781141,781141,781141,781 142,082142,082142,082142,082 135,179135,179135,179135,179 134,743134,743134,743134,743
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2019 Cleared Fuel Type

10
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While solar still comprises a 
relatively small percentage of 
the region’s total capacity, 680 
MW of solar cleared this year’s 
auction—an increase of 47% 
over last year’s mark of 461 
MW. 

Similarly, 2,698 MW of wind 
cleared this year, an increase of 
21%, or 469 MW, compared to 
last year.
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Non Traditional Resources

11
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Next Steps

• APR 15 – Conference call presentation of PRA results

• MAY 8 – Detailed results review at RASC

• MAY 13 – Posting of PRA offer data

• MAY 31 – LSE submit ICAP Deferral info

• JUN 1 – New Planning Year starts
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Acronyms
ACP: Auction Clearing Price

ARC: Aggregator of Retail Customers

BTMG: Behind the Meter Generator

CIL: Capacity Import Limit

CEL: Capacity Export Limit

CONE:  Cost of New Entry

DR: Demand Resource

EE: Energy Efficiency

ER: External Resource

ERZ:  External Resource Zones

FRAP:  Fixed Resource Adequacy Plan

ICAP: Installed Capacity

IMM:  Independent Market Monitor

14

LCR: Local Clearing Requirement

LMR: Load Modifying Resource

LRZ: Local Resource Zone

LSE:  Load Serving Entity

PRA: Planning Resource Auction

PRM: Planning Reserve Margin

PRMR: Planning Reserve Margin Requirement

RASC:  Resource Adequacy Sub-Committee

SS:  Self Schedule

SFT: Simultaneous Feasibility Test

UCAP:  Unforced Capacity

ZIA:  Zonal Import Ability

ZRC:  Zonal Resource Credit
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471
MECNRDCSC 
MECNRDCSCDE-5.16a 
L. K. Mikulan/M. Saenz
1 of 1 

Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 
Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

a. Identify the date on which PACE produced this capacity price forecast
on behalf of DTE.

Answer: November 2018. 

Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-5.16b  
L. K. Mikulan/M. Saenz  
1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
b. Identify the date of the previous reference capacity price forecast 

produced by PACE for DTE. 
 
 
Answer:   August 2018 
 
 
 
Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-5.16c  
L. K. Mikulan/M. Saenz  
1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
c. Identify all updates made between the previous PACE reference 

capacity price forecast and this forecast for Zone 7. 
 
 
Answer: There were three updates done for this forecast:   
 

1) The Local Capacity Requirement (LCR) was updated from 25.4% to 27.4% 
(ICAP basis) based on the 2019-2020 LOLE study.  

 
2) The Planning Reserve Margin Requirement (PRMR) for MISO was updated 

from 17.1% to 16.8% (ICAP basis), based on the 2019-2020 LOLE study.  
 
3) For this update, it is also assumed that the capacity credit received by utility 

scale solar PV units decline through time based on the 2018 MISO 
Renewable Integration Impact Assessment Study. The Solar capacity credit 
assumed stays at 50% for the first model year through 2023, then decrease 
2% annually to reach 30% by 2033.  As a result, the available capacity to 
meet peak demand falls by 6.9 GW by 2040 on a MISO wide basis and 977 
MW in Zone 7, compared to previous Reference Case Forecast, in which 
the solar capacity credit remains at 50%. 

 
 
 
Attachments: None 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-5.16di  
L. K. Mikulan/M. Saenz  
1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
i. Column E, “Peak Demand Net of EE (MW)” 

 
 
Answer: The values listed in column E are MW. ICAP and UCAP do not apply to 
 demand values.  
 
 
Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-5.16dii  
L. K. Mikulan/M. Saenz  
1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
ii. Column F, “Peak Capacity (MW)” 

 
 
Answer: The values listed in column F are MW on an ICAP basis. 
 
 
 
Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-5.16diii  
L. K. Mikulan/M. Saenz  
1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 
 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
iii. Column G, “DR” 

 
 
Answer: The values listed in column G are MW on an ICAP basis.  
    
 
 
 
 
 
Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-5.16div  
L. K. Mikulan/M. Saenz  
1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
iv. Column H, “EE” 

 
 
Answer: The values listed in column H are MW. ICAP and UCAP do not apply to 
   demand values. 
 
 
 
Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-5.16dv  
L. K. Mikulan/M. Saenz  
1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
v. Column J, “Net Imports” 

 
 
Answer: The values listed in column J are MW on an ICAP basis.  
 
 
 
Attachments: N/A 
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MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-5.16dvi  
L. K. Mikulan/M. Saenz  
1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
vi. Column L, “LRR” 

 
 
Answer: The values listed in column L are MW on an ICAP basis.  
 
 
 
Attachments: N/A 
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Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
vii. Column M, “CIL” 

 
 
Answer: The values listed in column M are MW. Our understanding is that ICAP and 

UCAP does not apply to CIL, which are based on transfer capability ratings. 
 See also answer to MECNRDCSCDE-5.16eii. 
 
Attachments: N/A 
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Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
viii. Column N, “LCR” 

 
 
Answer: The values listed in column N are MW on an ICAP basis.  
 
 
Attachments: N/A 
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1 of 1  
 

 
Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
d. Identify the capacity units for each of the following columns. That is, 

identify whether the MW values provided are in terms of ICAP, UCAP, 
end-use demand reduction value, or some other unit. 

 
ix. Column O, “Excess Capacity/LCR” 

 
 
Answer: The values listed in column O are MW on an ICAP basis. 
 
 
 
Attachments: N/A 
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Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
e. Refer to Column M. Refer also to the MISO Planning Year 2019-2020 

Loss of Load Expectation (LOLE) Study Report. 
 

i. Confirm that the CIL values for years 2019 through 2040 were taken 
from the 2019-2020 LOLE Study Report. If not confirmed, identify the 
source for these values. 

 
 
Answer: Confirmed.  The CIL is from the 2019-2020 MISO LOLE study for 

2019/2020.  In the absence of a forecast for future CIL, PACE assumed 
that the number remains constant through the forecast and the Company 
concurs. 

 
 
 
Attachments: N/A 
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Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
e. Refer to Column M. Refer also to the MISO Planning Year 2019-2020 

Loss of Load Expectation (LOLE) Study Report. 
 

ii. Confirm that the CIL values in the LOLE Study Report are in units of 
UCAP-equivalent MW. If not confirmed, provide an alternative 
explanation. 

 
 
Answer: Our understanding is that the capacity import/export limits are determined 

based on transfer capabilities into and from Zone 7, not resource 
availability. The unforced capacity rating is only applied to generating 
capacity. Thus, the CIL is a single number in MW that is not subject to UCAP 
or ICAP ratings. 

 
 
 
Attachments: N/A 
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Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
e. Refer to Column M. Refer also to the MISO Planning Year 2019-2020 

Loss of Load Expectation (LOLE) Study Report. 
 

iii. Confirm that the CIL values used in the PACE workpaper are 
subtracted from an LRR value that is in units of ICAP MW to arrive 
at LCR values that are also in units of ICAP MW. If not confirmed, 
provide an alternative explanation for these units. 

 
 
Answer: Confirmed.  The CIL value is subtracted from the LRR in ICAP values to 

arrive at the LCR for Zone 7.  LCR is on an ICAP basis.  Our understanding 
is that ICAP and UCAP concepts do not apply to CIL. See answer to 
MECNRDCSCDE-5.16eii. 

  
 
 
Attachments: N/A 
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Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
e. Refer to Column M. Refer also to the MISO Planning Year 2019-2020 

Loss of Load Expectation (LOLE) Study Report. 
 

iv. Explain why the CIL values were not converted into units of ICAP- 
equivalent MW for the purpose of this workpaper. If this was an error, 
provide a corrected workpaper in which CIL is listed in units 
consistent with the rest of the workpaper. 

 
 
Answer: See response to question MECNRDCSCDE-5.16eii. 
 
 
 
Attachments: N/A 
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Question: Refer to attachment “U-20471 MECNRDCDE 2.16d -DTE 2018 MISO 

Capacity Price Forecast Reference.xlsx” to DTE Discovery Response No. 
MECNRDCSCDE-2.16d, tab “Capacity prices Z7 (rev)”. 

 
f. Refer to Column F. For each projected year, identify the MW of wind 

peak capacity incorporated in PACE’s forecasted zone-wide peak 
capacity. 

 
 
Answer: In 2019, there is 230 MW of wind peak capacity in the forecast, rising to 249 

MW by 2020, 405 MW by 2025 and 439 MW by 2040, as shown in the table 
below. 

 

 
 
 
 
Attachments: none 
 
 

Wind Peak Capacity LRZ7 (MW)

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Wind Installed Capacity 2,051 2,220 3,094 3,319 3,469 3,619 3,619 3,619 3,619 3,619 3,619 3,719 3,719 3,719 3,719 3,819 3,819 3,819 3,919 3,919 3,919 3,919

Wind Peak Capacity 230 249 346 372 388 405 405 405 405 405 405 416 416 416 416 428 428 428 439 439 439 439
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Requestor: 
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Page: 
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1 of 1 

Question: Refer to Direct Testimony of Laura Mikulan, page 70. 

a. In what sense does DTE consider battery storage to be “limited in
operational availability”?

Answer: Battery storage is limited in operational availability because it must 
recharge after it has fully discharged its stored energy.  Unlike a 
dispatchable generator, which can generate for days, weeks, months, or 
even years at a time, a battery must periodically recharge if it is called 
upon to provide energy or capacity.  In the IRP modeling, the Company 
assumed the Lithium Ion battery storage alternative had four hours of 
energy before recharging was necessary.   

Attachments: N/A 

U-20471 - August 21, 2019
Direct Testimony of A. Allison 

Exhibit: MEC-42; Source: MECNRDCSCDE-3.49 
Page 1 of 3



 

 

MPSC Case No.: 
Requestor: 

Question No.: 
Respondent: 

Page: 

U-20471  
MECNRDCSC  
MECNRDCSCDE-3.49b  
L. K. Mikulan  
1 of 1  
 

 
Question: Refer to Direct Testimony of Laura Mikulan, page 70. 
. 

b. Describe in detail how battery storage was modeled within the 
Company’s Strategist runs. 

 
 
Answer: The Lithium ion battery storage was modeled as a pumped storage type 

unit in Strategist. It had generation capacity of 100 MW and a cycle 
efficiency of 86%. The battery was assumed to be charging and discharging 
at the market price. The storage capacity was modeled as 100 MW unit in 
all scenarios except for the solar-storage tied-untied scenario where the 
capacity was reduced to 30 MW to align with the 100 MW solar unit in the 
model.  

 
 Refer to attachment ‘U20471-MECNRDCSCDE-3.43b ET Battery and 

Solar- Tied & Untied Inputs’ for more details. 
 
 
Attachments: N/A 
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L. K. Mikulan  
1 of 1  
 

 
Question: Refer to Direct Testimony of Laura Mikulan, page 70. 
 

b. Does DTE consider Strategist to reasonably account for the value of 
battery storage resources? If so, explain why. 

 
 
Answer:  DTE considers Strategist to reasonably account for the value of battery 

storage resources in comparison to other generic IRP alternatives.  Refer 
to page 26 of my direct testimony for more detail on the quality of the data 
from the publicly available sources used for the generic IRP alternatives.   
DTE’s Strategist model captures the energy and capacity benefits of 
storage, as well as benefits unique to solar-plus-storage, such as the 
investment tax credit and avoided transmission and distribution losses.  
While the Strategist model does not capture the ancillary service value of 
storage, the value of these services is highly uncertain, as discussed in 
my direct testimony on page 72.   

 
 There are also additional benefits that storage can provide in the form of a 

non-wires alternative.  However, these benefits are highly specific to the 
system location and the system conditions at that location.  Including a 
generic value for the T&D benefits of storage would misrepresent the 
benefits that could be realized by a storage project, and therefore would 
not be appropriate for inclusion in this IRP.   

  
 
 
 
Attachments: N/A 
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1 of 1 

Question: Refer to Direct Testimony of Sharon Pfeuffer, page 14 line 17 and page 18 
line lines 15- 16. 

a. Please describe the circumstances under which the Company would file
its next IRP prior to 2025.

Answer: The Company intends to follow MCL 460-6t (20) - “An electric utility shall 
file an application for review of its integrated resource plan not later than 5 
years after the effective date of the most recent commission order approving 
a plan, a plan amendment, or a plan review” – which is expected no later 
than early 2025.  The Company would file an IRP prior to 2025 if ordered to 
do so by the Commission, or if the Company deems it necessary due to 
changed circumstances which cannot be predicted at this point.  

Attachments: N/A 
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Question: Refer to Direct Testimony of Sharon Pfeuffer, page 14 line 17 and page 18 

line lines 15- 16. 
 

b. State whether there is a minimum length of time between the date on 
which DTE files its next IRP and the date on which DTE would propose 
in that IRP to retire the Belle River coal plant. If so, identify that length 
of time and explain the basis for it. 

 
 
Answer: From the perspective of PA 341 requirements, there is no minimum length 

of time between the date on which the Company files its next IRP and the 
date on which it would propose in that IRP to retire the Belle River Power 
Plant. There are other considerations in the timing of planned coal 
retirements, including requesting approval for retirement through the MISO 
processes.  

 
 
Attachments: N/A 
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Question: Refer to Direct Testimony of Sharon Pfeuffer, page 14 line 17 and page 18 

line lines 15- 16. 
 

c. Would the Company agree that it would be prudent to re-evaluate 
optimal retirement dates for the Belle River plant within the next three 
years? If not, explain why not. 

 
 
Answer: No. The Company evaluated alternative retirement dates for the Belle River 

plant in the 2019 IRP and will do so again in the next IRP.  The approximate 
five-year cycle provided by PA 341 allows for appropriate long-range 
capacity and energy planning, and allows for time to see how markets and 
cost trends evolve.  

 
 
 
Attachments: N/A 
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