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TESTIMONY OF OUCC WITNESS JOHN E. HASELDEN 
CAUSE NO. 45253 

DUKE ENERGY INDIANA, LLC 

I. INTRODUCTION 

Please state your name and business address. 

My name is John E. Haselden and my business address is 115 West Washington 

Street, Suite 1500 South, Indianapolis, Indiana 46204. 

By whom are you employed and in what capacity? 

I am a Senior Utility Analyst in the Electric Division of the Indiana Office of Utility 

Consumer Counselor ("OUCC"). I describe my educational background and 

professional work experience in Appendix A to my testimony. 

Have you previously testified before the Indiana Utility Regulatory 
Commission ("Commission")? 

Yes. I have testified in a number of cases before the Commission, including (1) 

base rate cases; (2) various tracker cases ( e.g., demand side management ("DSM"), 

renewable energy, environmental compliance, and Transmission, Distribution and 

Storage System Improvement Charges ("TDSIC"); and (3) applications for 

Certificates of Public Convenience and Necessity ("CPCN"). 

What is the purpose of your testimony? 

I address the following topics presented by Duke Energy Indiana, LLC ("DEI" or 

"Petitioner"): 

• Proposed DSM/Energy Efficiency ("EE") Rider treatment; and 

• The Tippecanoe Solar Power Plant ("Tippecanoe Project") and the B-Line 

Heights Solar Plant ("B-Line Heights Project") Projects. 
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• Approve DEI's proposal to defer futme DSM costs, lost revenues, and 

shareholder incentives to the forthcoming DSM plan case with the condition 

any issues will be litigated therein and no implied or explicit approvals of 

any issues will be decided in this case; and 

• Deny cost recovery for the Tippecanoe and B-Line Heights Projects. 

Please describe the review and analysis you conducted in order to prepare 
your testimony. 

I reviewed D EI' s Verified Petition, Direct Testimony and Exhibits submitted in this 

Cause related to the topics I discuss in my testimony. I composed data requests 

("DRs") and reviewed DEI's discovery responses. 

Are you sponsoring any attachments in this proceeding? 

Yes. I am sponsoring: 

• Attachment JEH-1 - which contains Petitioner's Responses to selected 

OUCCDRs; 

• Confidential Attachment JEH-1 C - which contains Petitioner's 

Confidential Responses to OUCC DR 3.6(d); 

• Attachment JEH-2 - which contains references to utility-scale solar project 

costs; 

• Confidential Attachment JEH-3 C - which is a Confidential Conceptual Site 

Plan for the Tippecanoe Project. 
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To the extent you do not address a specific item or adjustment, does this mean 
you agree with those portions of Petitioner's proposal? 

No. Excluding any specific adjustments or amounts DEI proposes does not indicate 

my approval of those adjustments or amounts. Rather, the scope of my testimony 

is limited to the specific items addressed herein. 

II. PROPOSED TREATMENT OF THE DSM/EE RIDER 

What changes does DEI propose to its DSM/EE Rider? 

DEI witness Diana L. Douglas outlines DEI' s proposal 1 as follows: 

• A new revenue decoupling mechanism ("RDM") that would replace the lost 

revenue adjustment mechanism ("LRAM") for those customers who are a 

part of the RDM, which are generally residential and commercial 

customers; 

• In the event the RDM is not approved, net lost revenues will be reset to zero, 

subject to reconciliation of lost revenues due to new evaluation, 

measmement, and verification ("EM&V") related to programs offered 

through the implementation date of new base rates; 

• A change in the revenue conversion factors; 

• Collection of lost revenues incurred during 2020; 

• Cosmetic changes to the tariff; and 

• Continued recovery of direct and indirect program costs, including costs for 

EM&V, pe1f01mance incentives, and DSM labor through DEI's DSM/EE 

Rider, as is the cmTent practice. 

1 Cause No. 45253, Direct Testimony of Diana L. Douglas (Revised) (Petitioner's Exhibit No. 4), pages 81-
91. 
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Does the OUCC support DEi's DSM/EE Rider cost recovery proposal? 

Not entirely. The OUCC has concerns regarding lost revenue recovery for DSM 

programs delivered in 2020. 

Please explain the OUCC's concerns. 

In this proceeding, DEI proposes, as an altemative to decoupling, to collect through 

the DSM/EE Rider, lost revenues for measures implemented in 2020 over the 

measure's expected useful life ("EUL"). DEI has not yet filed its next DSM plan 

for the period beginning 2020. However, resulting from discussions with DEI 

technical personnel on October 17, 2019, the OUCC has concerns about EUL 

assumptions DEI is using for certain measures. The OUCC will address this matter 

in DEI's filing in Cause No. 43955 DSM 7 and the upcoming DSM Plan filing, 

expected in November 2019. While the OUCC does not have an issue with DEI's 

proposal to defer ratemaking treatment of future DSM costs and shareholder 

incentives, it is premature to lock down the terms of an LRAM in this proceeding. 

It should also be noted OUCC witness David Dismukes provides testimony 

recommending denial of revenue decoupling. 

III. TIPPECANOE AND B-LINE HEIGHTS SOLAR PLANT PROJECTS 

What are the OUCC's concerns with the Tippecanoe and the B-Line Heights 
Projects? 

The OUCC is concerned with these projects because they are small, expensive solar 

20 projects that primarily benefit specific localized customers and DEL While DEI 

21 might say the purpose of these projects is to benefit all DEI customers by taking 

22 incremental steps to provide customers with clean renewable energy and to 

23 diversify DEI's generation po1ifolio, the same could be said for a single solar panel 
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erected by DEI anywhere in its tenitory. The fact of the matter is these small 

projects have little to no impact on either of the aforementioned "benefits," but 

instead Duke is developing for image-building purposes for which all customers 

will pay - a lot Furthermore, recove1y of such costs is prohibited by IC 8-1-2-6 

(c). 

What are the OUCC's specific concerns with the proposed Tippecanoe 
Project? 

The first issue is DEI's inability to take advantage of the federal investment tax 

credit ("ITC") in a timely manner. Although eligible for the ITC, DBI does not 

expect to have a sufficient tax appetite to monetize the ITC until approximately 

2025.2 The ITC's monetization will be defened a minimum of six-to-seven years 

and, until that time, customers will pay a return of and return on the extra 3 0% 

project cost. The second issue relates to the project's cost and design. D EI estimates 

the project's levelized cost of energy ("LCOE") to be $135.04/MWh.3 This amount 

is approximately four times the cost of other utility-scale solar projects having 

LCOEs in the $35-40/MWh range.4 Projects such as the Tippecanoe Project are 

relatively small and cannot achieve economies of scale necessary to compete with 

utility-scale solar facilities on a cost basis. To be clear, the OUCC is not opposed 

to small solar projects. We have a history of supporting solar and other renewables 

as long as they are in the best interest of the customer. This is precisely the point: 

If utility investments in solar power are in the best interests of ratepayers, those 

2 Attachment JEH-1, Response to OUCC DR 3.8. 
3 Attachment JEH-1, Response to OUCC DR 12.6. 
4 Attachment JEH-2. 
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investments should be at a scale and design that deliver the benefits of solar power 

at the lowest reasonable cost. DEI has designed the Tippecanoe Project to be a 

fixed-tilt array, instead of the cunently prevalent and economic single axis design. 

It is likely DEI did not chose the single axis design because the project will be built 

on a marginal, narrow triangular site due to the highly visible location as discussed 

more below. This is not a competitive alternative for the procurement of utility­

scale renewable energy and due to the project's unreasonably high cost, the 

Commission should deny recovery for this project. 

What are the benefits of the Tippecanoe Project? 

In addition to the production of renewable energy, DEI witness Andrew S. Ritch 

states the project will support the Purdue Research Foundation's ("PRF") 

Discovery Park District's ("Discovery Park") economic development and 

sustainability goals and will set the stage for sustainable land use. 5 These claims 

are unsubstantiated. However, what is clear is DEI's intent to site the project in a 

highly visible location for image enhancing purposes. This particular location 

chosen for the proposed project is triangular and is sandwiched between US 52/231 

and a railroad embanlanent at the entrance to Discovery Park6, an area described as 

"non-developable" by the Director of the Discovery Park District, Jeremy Slater.7 

The location's high visibility is highlighted in the land lease agreement between 

DEI and the Purdue Research Foundation, as follows: 

5 Cause No. 45253, Direct Testimony of Andrew S. Ritch (Petitioner's Exhibit No. 24), page 11, lines 11-13. 
6 Confidential Attachment JEH-3C. 
7 https://www.wlfi.com/content/news/Duke-Energv-building-solar-panel-fann-at-Purdues-Discovecy-Park­
District-512657181.html. 
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In addition, the Pmdue Research Fmmdation's enthusiasm for siting the solar 

project at Discovery Park to support economic development and sustainability 

goals was likely increased by DEI paying a continually escalating lease on a small, 

odd-shaped, piece ofland considered "non-developable."9 Due to the Tippecanoe 

Project's unreasonably high cost and the need for other Duke customers to cross­

subsidize the project, the Commission should deny cost recove1y for this project. 

What are the OUCC's specific concerns "ith the proposed B-Line Solar Plant 
project? 

At a cost of approximately - for a small, 112 kW array, 10 this project is 

unreasonably expensive. DEI estimates the levelized cost to be $356.91/MWh11 -­

approximately ten times the cost of competitive utility-scale solar projects. The 

benefits of this project, as described by Mr. Ritch, will " ... demonstrate DEI's 

commitment to identifying innovative ways to suppo1i renewable energy 

generation in more densely populated mban areas and supp01is the City of 

Bloomington's renewable and affordable housing goals."12 The project is 

interconnected to DEI's distiibution system, not to the host building - the 

8 Attachment JEH-IC, Confidential Response to OUCC DR 3.6(d), Attachment 3.6-A, page 5, paragraph 
6(a). 
9 Attachment JEH-IC, Confidential Response to OUCC DR 3.6(d), Attachment 3.6-A, page 5, paragraph 
5(b). 
10 See confidential exhibit to Direct Testimony of Andrew S. Ritch (Petitioner's Confidential Exhibit 24-D 

. (ASR)), page 3. 
11 Attachment JEH-1, Response to OUCC DR 12.6. 
12 Direct Testimony ofWitness Andrew S. Ritch, page 16, lines 3-6. 
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apartm.ents themselves. This begs the question of how the project relates to 

affordable housing goals. Due to their physical proximity, a person could 

reasonably assume the solar panels are connected to the building. However, they 

are not. Regardless of whether the a1Tay connects to the building, it is not DEI 

ratepayers' responsibility to pay for a perceived contribution to Bloomington's 

affordable housing goals. In addition, despite Mr. Ritch's characterization 13, there 

is nothing "innovative" about solar panels installed on a parking canopy. 

Replicating this project at these estimated costs is not feasible without ratepayer 

subsidization. The Commission should not require DEI ratepayers, spread across a 

large part of the state, to underwrite DEI management's decisions regarding this 

unnecessary and unreasonably expensive project. Therefore, the OUCC 

recommends the Commission deny DEI's requested cost recove1y for this project. 

IV. RECOMMENDATIONS 

What does the OUCC recommend? 

The OUCC recommends the Commission: 

• Approve DEI's proposal to defer future DSM costs, lost revenues, and 

shareholder incentives to the f01ihcoming DSM plan case with the condition 

any issues will be litigated therein and no implied or explicit approvals of 

any DSM issues will be decided in this case; and 

• Deny cost recove1y for the Tippecanoe and B-Line Heights Projects. 
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TIJRC Cause No, 45253 
Data Request Set No. 3 
Received: July 30, 2019 

oucc 3,8 

Request: 

On page 31, of her testimony, Ms. Sieferman discuss the Income Tax Credits ("ITC") for 
renewable energy projects. Please answer the following questions: 

Response: 

a. What is the cun:ent value of the defe1Ted ITC' s? 
b, At what time (year) in the future does DEI estimate it will be able to use the deferred 

ITC's 
c. The ITC for solar projects is being phased out by the IRS. Will DEI be able to use 

the deferred ITC after the phase-out is complete? 
d. for tax purposes is Duke using accelerated depreciation for renewable projects? 
e. If Duke is not cunently using accelerated depreciation for renewable projects, is 

Duke able to defer and subsequently use accelerated depreciation for tax purposes? 

a. The current value of the Crane Solar ITCs is $10,999,471. 
b. Dulce Energy Indiana estimates that it will begin using Crane Solar ITCs around 2025. 
c. Yes, Duke Energy Indiana will be able to use the deferred Crane Solar ITC after the 

phase-out is complete. Solar federal ITCs have a 20-year caiTyforward. 
d. Yes, Duke Energy Indiana is using accelerated depreciation for renewable projects. 

e. NIA. 

Witness: Suzanne Sieferman 



oucc 
IURC Cause No. 45253 
Data Request Set No. 12 
Received: August 29, 2019 

Request: 

State DEI's estimated levelized cost of energy ("LCOE") for: 

a. The TSPP project; and 

b. The B-Line project. 

Response: 

a. $135.04 
b. $356.91 

Witness: Andrew S. Ritch 
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oucc 12.6 
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IndejJendenl Siatis/ics & Anay1sis February 2019 

U. S, Energy Information 
Administration 

· Levelized Cost and Levelized A voided Cost of New Generation 
Resources in the Annual Energy Outlook 2019 

This paper presents average values of levelized costs and levelized avoided costs for electric generating 
technologies entering service in 2021, 2023, 1 and 2040 as represented in the National Energy Modeling 
System (NEMS) for the U.S. Energy Information Administration's {EIA) Annual Energy Outlook 2019 

{AEO2019) Reference case.2 Both values estimate the factors contributing to the capacity expansion 
decisions modeled, which also consider policy, technology, and geographic characteristics that are not 
easily captured in a single metric. 

The costs for electric generating facilities entering service in 2023 are presented in the body of the 
report, with those for 20213 and 2040 included in Appendices A and B, respectively. Both a capacity­
weighted average based on projected capacity additions and a simple average (unweighted) of the 
regional values across the 22 U.S. supply regions of the NEMS electricity market module (EMM) are 
provided, together with the range of regional values. 

Levelized Cost of Electricity 
Levelized cost of electricity (LCOE) represents the average revenue per unit of electricity generated that 
would be required to recover the costs of building and operat(ng a generating plant during an assumed 
financial life and duty cycle.4 LCOE is often cited as a convenient summary measure of the overall 
competiveness of different generating technologies. 

Key inputs to calculating LCOE include capital costs, fuel costs, fixed and variable operations and 
maintenance (O&M) costs, financing costs, and an assumed utilization rate for each plant type, 5 The 
importance of each of these factors varies across the technologies. For technologies with no fuel costs 
and relatively small variable O&M costs, such as solar and wind electric generating technologies, LCOE 
changes nearly in proportion to the estimated capital cost of the technology. For technologies with 

· significant fuel cost, both fuel cost and capital cost estimates significantly affect LCOE. The availability of 
various incentives, including state or federal tax credits {see text box on page 2), can also affect the 
calculation of LCOE. As with any projection, these factors are uncertain because their values can vary 
regionally and temporally as technologies evolve and as fuel prices change. 

1 Given the long lead-time and licensing requirements for some technologies, the first feasible year that all technologies are 

available is 2023. 
2 AE02019 are available onllne (http://www.e1a.gov/outlooks/aeo/). 
3 Appendix A shows LCOE and LACE for the subset of technologies ava!lable to be built 1n 2021 . 
.4Duty cycle refers to the typical utlllzation or dispatch of a plant to serve base, Intermediate, or peak load. Wind, solar, or other 

lntermlttently available resources are not dispatched and do not necessarily follow a duty cycle based on load conditions. 
5 The specific assumptions for each of these factors are given in the Assumptions to the Annual Energy Outlook, available online 

(http://www.eia.gov/outlooks/aeo/assumptlons/). 

U.S. Energy Information Administration Leveiized Cost and Leveliz.ed Avoided Cost of New Generation Resources AE02019 1 
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Actual plant.investment decisions are affected by the specific technological and regional characteristics 

of a project, which involve many other factors not reflected in LCOE values. One such factor is the 

projected utilization rate, which depends on the varying amount of electricity required over time and 

the existing resource mix in an area where additional,capacity is needed. For exampfe, a wind resource 

that would .primarily displace existing natural gas-fired generation will usually have a differen.teconomic 

· value than one thc)t would displace existing coal-fired generation. A related factor is the capacity value, 

which depends on both the existing capacity mix and load characteristics in a region. Because load must 

be continuously bala·nced, generating units with the capability to vary output to follow demand 

(dispatchable technologies) generally have more value to a system than less flexible units (non-. 

dispatchable technologies) such as those using intermittent resources to operate. The LCOE values for 

dispatchable and non-dispatchabletechnologies are listed separately in the tables because comparing 

them must be done carefully. 

AEO2019 representation of tax incentives for renewable generation 

Federal tax credits for certain renewable generation facilities can substantially reduce the realized cost 

of these facilities. Where applicable, .the LCOE tables show the cost both with and without tax credits 

that EIA assumed would be available in the year in which the plant enters s·ervice, as follows. 

Production Tax Credit {PTC}: New wind, geothermal, and closed-loop _biomass plants receive 24 dollars 

per megawatthour ($/MWh) of generation; other PTC-eligible technologies receive $12/MWh. The PTC 

values are adjusted for inflation and applied during the plant's first 10 years of service. Plants that were 

under construction before the end of 2016 received the full PTC. After 2,016, wine;! continues to.be 
. ' ' 

eligible for the PTC but at a dollar-per-megawatthour rate that declines by 20% in 2017, 40% in 2018, 

60% in 2019, and expires completely in 2020. Based on documentation released by the Internal 

Revenue Service (IRS, https://www.irs.gov/irb/2016-23 IRB/ar07 '.html), ElA assumes that wind plants 

have four y~ars after beginning construction to come online and claim the PTC. As a result, wind plants 

entering service in 2021 will receive $19,20/MWh while those entering service in.2023 will receive 

$9'.60/MWh (inflation-adjusted). 

Investment Tax Credit {ITC}: In June 2018, the IRS issued Notice 2018-59 (https://www.irs.gov/pub/irs­

drop/n-18-59.pdf), a beginning of construction guidance for the ITC. EIA .assumes aH solar projects 

starting con;truction before January 1, 2020, have four years _to bring the power plant online (before 

January 1, 2024) to receive the full 30% ITC. Solar projects include both utility-scale solar plants-those 

with capacity rating of 1 megawatt {MW) or greater-and small-scale systems-those with capacity 

rating of less than 1 MW. Projects starting construction in 2020 have three years to enter se-rvice and 

receive 26% ITC, and those with a 2021 construction start year have two years to enter service and claim 

a 22% ITC. All commercial and utility-scale plants with a construction start date on or after January 1, 

2022, or those placed in service after December 31, 2023, receive a 10% ITC. ITC, however, expires 

completely for residential-owned systems starting in 2022. Results in this levelized cost report only 

include utility-scale solar facilities and do not include small-scale solar facilities. 

Both onshore and offshore wind projects are eligible to claim the ITC in lieu of the PTC. Although ElA 

expects that onshore wind projects will choose the PTC, EIA assumes offshore wind projects will claim 

the ITC in lieu of the PTC because of the relatively higher capital costs for those projects. 

00882'2· 
U.S. Energy Information Administration I Levelized Cost and Levelized Avoided Cost of New Generation Resources AE02019 2 
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levelized Avoided Cost of Electricity 
LCOE does not capture all of the factors that contribute to actual investment decisions, making the 
direct comparison of LCOE across technologies problematic and misleading as a method to assess the 
economic competitiveness of various generation alternatives. As illustrated by Figure 1 below, on 
averc1ge, wind LCOE is shown to be the same or lower than solar photovoltaic (PV) LCOE in 2021, with 
more wind generating capacity'expected to be installed than solar PV. Wind LCOE continues to be about 
the same or lowerthan solar PV LCOE on average in 2040, but EIA projects much more solar PVcapacity 
to be installed than wind during that time. 

Figure 1. Levelized cost of electricity (with applicable tax subsidies) by region and total 
incremental capacity additions for selected generating technologies entering into.service in 
2021, 2023, and 2040 
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Cdmpa·ring two different technologies using LCOE alone evaluates only the cost to bu!ld and operate a 
plant and nonhe value of the plant's output to the grid. EIA believes an assessment of economic 
competitiveness betweei:i generation technologies can be gained by considering the avoided cost: a 
measure of what it would cost to generate the electricity that would be displaced by a new generation 
project. Avoided cost provides a proxy measure for potential revenues from sales of electricity 
generated from a candidate project. It may be summed over a project's financial life and converted to a 
level annualized value that is divided by average annual output of the project to deveiop its Jeve/ized 
avoided cost of electricity {LACE). 6 Using LACE and LCOE together gives a more intuitive indication of 
economic competitiveness for each technology than either metric separately when several technologies 
are available to meet load. If several technologies are available to meet load, a LACE-to-LCOE ratio (or 
value-cost ratio) may. be calculated for each technology to determine which project provides the most 

. value relative to its cost. Projects with a value-cost ratio greater than one (i.e., LACE is greater than 

6 Further discussion of the levelized avoided cost concept and Its use in assessing economic competitiveness can be found 

online: http://www.eia.gov/renewable/workshop/gencosts/. 
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LCOE} are more economica!ly attractive as new builds than those with a value-cost ratio less than one 

(i.e., LACE is less than LCOE}. 

Estimating LACE is more complex than estimating LCOE because it requires information about how the 

system would operate without the new option being considered. LACE is calculated based on the 

marginal value of energy and capacity that would result from ad_ding a unit of a given technology to the 

· system as it exists or is projected to exist at a spedfic future date. LACE represents the potential value 

available to the project owner from the project's contribution to satisfy both energy and capacity 

requirements. LACE accounts for both the variation in daily and seasonal electricity demand in the 

region where a new project is under consideration and the characteristics of the existing generation 

fleet to which new capacity will be added, therefore comparing the prospective new generation 

resource against the. mix of new and existing generation and capacity that it would displace. For 

example, a wind resource that would primarily displace existing natural gas-fired generation will usually 

have a different value than one that would displa~e existing coal-fired generation. 

Although the economic decisions for capacity additions in ElA's long-term projections do not use either 

-LACE or LCOE concepts, the LACE and value-cost ratio presented in this report are generally more 

representative.of the factors contributing to the build decisions found in EIA's long-term projections 

than looking at LCOE alone, Figure 2 below shows selected generating technologies that are feasible to 

come online in 2023, The x-axis is LCOE, and the y-axis is LACE. The diagonal lines are breakeven lines, so 

that anything above them is considered to be economically attractive to build because the value (or 

LACE) is higherthan the cost (or LCOE); Each dot represents an electricity market region of the United 

States as modeled in NEMS. Colored dots show regions where the technology is built in the AEO 

projection; circles show where.the technology is not built from 2021 to 2023. Advanced combined-cycle 

(CC) and solar PV have colored dots mostly above or at the diagonal lines. Onshore wind has mostly 

circles at or below the diagonal line and a few colored dots below the line. This pattern is partly because 

the builds are calculated from capacity added in the preceding three years, and onshore wind was 

subject to greater tax incentives in those three years than in 2023 alone. In addition, some regions are 

adding.uneconomic capacity builds to fulfill state-level renewable portfolio standards (RPS) that require 

that a certain percentage of generation come from renewables. Even so, looking at both LCOE and LACE 

together as shown in Figure 2 is more predictive of the full analysis from the AEO model shown in Figure 

1 than LCOE alone. 

U.S. Energy Information Administration I Levelized Cost and Levelized Avoided Cost of New Generation Resources AE02019 4 
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Figure 2. Levelized cost of electricity and levelized avoided cost of electricity by region for 
selected generating technologies, 2023 on line year 

2018 dollars per megawatthour 
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eia) Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

Nonetheless, both the LACE and LCOE estimates are simplifications of modeled decisions, and they may 
not fully capture all factors considered in NEMS or match modeled results. EIA calculates levelized costs 
using an assumed set of capital and operating costs, but investme'nt decisions may be affectea by factors 
other than the project's value relative to its costs. For example, the inherent uncertainty 9bout future 

· fuel prices, future policies, or local considerations for system reliability may lead plant owners or 
investors who finance plants to place a value on portfolio diversification or other risk-related concerns. 
EIA considers many of the factors discussed above in its analysis of technology choice in the electricity 
sector in NEMS, but not all of these concepts are included in LCOE or LACE calculations. ·Future· policy­
related factors, such as new environmental regulations or tax credits for specific generation sources, can 
affect investment decisions. The LCOE and LACE values presented here are derived from the AEO2019 
Reference case, which includes stat~-level renewable electricity requirements .as of October 2018 and a 
phase-out of federal tax credits for renewable generation. 

LCOE and LACE calculations 
EIA calculates LCOE values based on a 30-year cost recovery period, using a real after-tax weighted 
average cost of capital (WACC} of 4.2%.7 In reality, a plant's cost recovery period and cost of capital can 
vary by technology and project type. In the AE02019 Reference case, EIA includes a three-percentage­
point increase to the cost of capital when evaluating investments for new coal-fired power plants and 
new coal-to-liquids (CTL} plants without carbon capture and sequestration (CCS) and pollution control 
retrofits. This increase reflects observed financial risks8 associated with major investments in long 

7The real WACC of 4.2% corresponds to a nominal after-tax rate of 7.0% for plants entering service in 2023. For plants entering 
service in 2021 and 2040, the nominal WACC used to calculate LCOE was 6.8% and 7.0%, respectively. An overview of the WACC 
assumptions and methodology can be found In the Electricity Market Module of the National Energy Modeling System: M9de/ 
Documentation 2018 (https://www.eia~gov/analvsls/pdfpages/m068index.php). 
8 See, for example, "Comp-anles End Effort to Buy Navajo Generating Station,', Power, September 21, 2018 for an example of 

· both'financing and off-take risks facing coal-fired capacity or "One of U.K.'s largest banks won't fund new plants or mines," 

6"fl8tl.t, 
U.S. Energy Information Administration I Levellzed Cost and Levelized Avoided Cost of New Generation Resources AE02019 5 



Cause No. 45253 
OUCC Attachment JEH-2 

Page 10 of50 

operating-life power plants with a relatively higher rate of carbon dioxide {CO2) emissions. AE02019 

takes into account two coal-fired technologies that are compliant with the New Source Performance 

Standard (NSPS} for CO2 emissions under Section 111{b) of the Clean Air Act. One technology is 

designed to capture 30% of CO2 emissions and would still be considered a high emitter relative to other 

new sources; therefore, it may continue to face potential financial risk if CO2 emission controls are 

further strengthened. Another technology is designed to capture 90% of CO2 emissions and would not 

face the same financial risk; therefore, EIA does not assume the three-percentage-point increase in the 

cost of capital. As a result, the LCOE values for a coal-fired plant with 30% CCS are higher than they 

would be if the same cost of capital were used for all technologies. 

The levelized capital component reflects costs calculated using tax depreciation schedules consistent 

· with tax Jaws without a sunset date, which vary by technology. For AE02019, EIA assumes a corporate· 

tax rate of 21% as·specified in the Tax Cuts and Jobs Act of 2017. For technologies eligible for the ITC or 

PTC, EIA reports LCOE both with and without tax credits, which are assumed to phase out and expire 

based on current laws and regulations; Some technologies, notably solar PV, are used in both utility­

scale generation and in distributed residential and commercial applications. The LCOE and LACE· 

calculations presented here apply only to the utility-scale use of those technologies. Costs are expressed 

in terms of net alternating current {AC) power available to the grid for the installed capacity. 

The LCOE values shown in Tables 1a and :lb are region-specific LCOE values using weights reflecting the 
projected regional capacity builds in AE02019 (Table 1a) and unweighted (simple average, Table 1b) for 
new plants coming online in 2023. The weights were developed based on the cumulative capacity 
additions during three years, reflecting the two years preceding the online year and the online year (e.g., 
the capacity weight for a 2023 online year represents the cumulative capacity additions from 2021 
through 2023.) 

Climate Wire (subscription required), August 3, 2018 for an example of increaslngly limited options in international finance 

markets for such plants. 
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Table 1a. -Estimated levelized cost of electricity (capacity-weighted average1) for new 
generation resources entering service in 2023 (2018 $/MWh) 

'Plant type 

Capacity 
factor 

(%} 

Levelized 
capital 

cost 

Levelized 
fixed 
O&M 

Levelized 
variable 

O&M 

Levelized 
transmissi 

on cost 

Total· 
system Levelized 

LCOE tax credit2 

Total LCOE 
including 
tax credit 

Dispatchable technologies 

. Coal with 30% CCS3 ____ N_B _____ , __ fi~-----------~~- .. -----------1'!~---------"-N_B ______ N_B ___________ ~_li_ _____________ NB __ 

Coal with 90% C~3 ____ N_B ________ .NB ____ N_B -----------~-B ____ N_B ______ ~-~-------------~-~-- NB 
Conyentional cc 87 8,1 1.5 32.3 0.9 42.8 NA -~~-------------·----------------------------- ----------- 42.8 

_A~dv_a_n_ce_d_C_c _______ 8_7 ___ .:_7•c_:1 ______ .!,:~--------~0-? ____________ ~:9__ 40.2 NA 40.2 
Advanced CC with CCS NB NB NB NB NB NB NB NB -------------------------------~---- -------
Conventional er -----~-----·------~~------------~-~------- NB NB --------~-~----·--------~-~-----------..J'.!~--
Advanced CT 30 17.2 2.7 54.6 3.0 77.5 NA 77.5 ----- ---------- -· -------------- ·--- --------- ---------------------------
Advanced ~~l:~E:~L----------------~~--- NB NB NB NB NB NB NB 
Geothermal __ 9_0 __ ~ __ 24.:.c.·.c..6 13.3 0.0 1.4 39.4 

92.1 

-2.S 36,9 --------------------------
Biomass 83 37.3 15.7 37,5 1.5 NA. 92.1 

Non-dlspatchable technologies 
__ Wind, onshore __________________ :44 __________ 27 .8 12.6 o.o 2.4 42.8 -6.1 36.6 

· Wind, offsh_ore______ 45 ·----.--- f;l5.5 ____ 20.4 o.o 2.1 ---~g-~ _________ ::~l:~- 106.5 
Solar PV4 29 37.1 .. -----~------ 0,0 ______ 2.9 48,8 -11.1 37 .6 

· Solar therm~L---·---------·------~~-... - .--------'!~.----------- NB__ NB NB NB NB NB 
. Hydroelectric:5 75 29.9 6,2 1.4 1.6 39.1 NA · 39.1 

· 1The capacity-weighted average Is the average (evellzed cost per technology, weighted by the new capacity coining on line In 
each region. The capacity additions for each region are based on additions from 2021-2023. Technologies for which capacity 
additions are not expected do not have a capacity-weighted average and are marked as NB or not built. 
2The tax credit comppnent Is based on targeted federal tax credits such as the PTC or ITC available for some technologies. It 
reflects tax credits avatlab(e only for plants entering service In 2023 and the substantial phase out of both the PTC and ITC as 
scheduled under current law. Technologies not eligible for PTC or ITC are indicated as NA or not available. The results are 
based on a regional model, and state or local Incentives are not included In LCOE calculations. See text box on page 2 for 
detalls on how the tax credits are represented In the model, 
3Because the New Source Performance Standard {NSPS) under Section 111(b) of the Clean Air Act requires conventional coal 
plants to be built with ccs to meet specific CO2 emission standards, EIA modeled two levels of CCS removal: 30%, which 
meets the NSPS, and 90%, which exceeds the NSPS but may be seen as a build option In some scenarios. The coal plant with 
30% ccs Is assumed to Incur a three-percentage-point Increase to its cost of capita! to represent the risk associated with 
higher emissions. 
4Costs are expressed In terms of net AC power available to the grid for the Installed capacity. 
5As modeled, EIAasstimes that hydroelectric generation has seasonal storage so that It can be dispatched within a season, but 
overall operation Is limited by resources available by site and season. 
CCS=carbon capture and sequestration. CC=comblned-cycle (natural gas). CT=combustlon turbine, PV=photovoltaic. 

• Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 
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. Table 1b. Estimated levelized cost of electricity (unweighted average) for new generation 
resources entering service in 2023 (2018 $/MWh) 

Plant type 

Capacity 
factor. 

(%) 

Levelized 
capital 

cost 

Levelized 
fixed 
O&M 

Levelized 
variable 

O&M 

Levelized Total 
transmis- system 
sion cost LCOE 

TotalLCOE 
Le1Je1ized · including 

tax credit1 tax credit 

Dispatchable technologies ______________ ____ -------------·--------

__ f<:_J~~l!~ 30% ccs2 _______ ---------~?.. __________ ?.!:? ____________ ~} ________ i..~:? _____________ ~:~--- ___ !Qi~? ______________ !'!~ _________ }Qi•-~-_ 

-~f.<:~~:'Jl!h_~Q~-~-C:?_. ________ ·-·- ·-~?.. _________ 50.2 __________ 11.2 ________ 36.0 ___________ 1.1. _____ 98.6 _______ . _______ NA---------- 98.6. 

__ fi:_i_ri~nti~~~!_~c:_ __________ -----~?_ _________ ---~:? _____________ !:? ___________ ?_'!:i __________ --~~--- 46 .3 __________ !'!_~---_______ !l6 -~--
Advanced CC 87 7.3 1.4 31.5 1.1 41.2 NA 41.2 -- ----------------------- ---------- ----- ------------------ . -------- .. ··------------- --·----------- -

--~?:_\/~~~!:~-f.~':-:11!_~ <;:_C.? __________ - . -~?_ _________ --~-~:'_l __ ·---- -- ___ '!:~_. ________ _,i._~:?_ ------------~:~--- ____ §?_:? _____________ !'!~-------------~?_:? __ 
Conventional CT 30 28.7 6.9 50.5 3.2 89,3 NA 89.3 -------- --·-··. - ------- -- -- -· ----------- - -- ---- -------- -- -- ----------- - - . ----- -----------------.-·-------. --------·------- -
Advanced CT 30 17.6 2.7 54.2 3.2 77.7 ·NA 77.7 ----------------·--------------· ---------------- -------- -------- --------- --·--- --- -- --------------------
Advanced nuclear 90 53.8 13.1 9.5 1.0 77.5 NA 77.5 --- ----------------·---------------------------------------- ---- -- -- ------- --- --------- --- ------ -----------------------

. __ §~_~!-~~!.~9J ___________ ·---------------~2 ___________ ?_~:?__ _________ 12.9 --- . ______ Q:9 ____________ 1.4 ------ 41.0 ___________ :'!:.~? ______ · _____ 38.3 __ 
Biomass 83 36.3 15.7 39.0 1.2 92.2 - · NA 92.2 

Non-dispatchable technologies ----·---------·----·----~---

--~in~, cmshore ----------------------~!:-----------~~:? __________ }i:? _____________ 2:9 ________ 2.5 ___ ?~~~---·------6.1 ___________ 49.8 __ 

Wind, offs~ore _____ . _i?.. _________ !92:? ___________ ?_Q:~------------ 0.0 2.3 130.4 _:_!?-9 __ -------~?_:_~-
Solar PV3 29 47.8 8.9 0.0 3.4 60.0 -14.3 45.7 ---- ------------·------------ - ----- --- -------- -- --- --------------------------·----------- -----------

- Solarthermal 25 119.6 33.3 0,0 4.2 157.1 -35.9 121.2 - . -------------·-- ----------- ---------------------------- -------- --- -------------------------------------- ·- ... - ·--- ----------------
Hydrnelectrlc4 75 29.9 6.2 1.4 1.6 39.1 NA 39.1 

1The tax credit component is based on targeted federal tax credits such as the PTC or ITC available for some technologies. It 

reflects tax credits available only for plants entering service In 2023 and the substantial phase out of both the PTC and ITC as 
scheduled under current law. Technologies not eligible for PTC or ITC are Indicated as NA or not available; The res.uits are 
based on a regional model, and state or local incentives are not included In LCOE calculations. See text box on page 2 for 

details on how the tax credits are represented In the model. 
2B ecause the New Source Performance Stanclard (NSPS) under Section 111(b) of the Clean Air Act requires con1Jentional coal 
plants to be built with ccs to meet specific CO2 emission standards, EIA modeled two levels of ccs removal: 30%, which 
meets the NSPS, and 90%; which exceeds the NSPS but may be seen as a build option In some scenarios. The coal plant with 
30% CCS Is assum!c!d to incur a three-percentage-point Increase to Its cost of capital to represent the risk associated with 

higher emissions. 
3Costs are expressed In terms of net AC power available to the grid for the installed capacity. 
4As modeled, EIA assumes that hydroelectric generation has seasonal storage so that It can be dispatched within a season, 

but overall operation ls limited by resources available by site and season, 
CCS,,,carbon capture and sequestration. CC=comblned-cycle (natural gas). CT=combustlon turbine. PV,,,photovoltalc, 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019· · 

EIA evaluated LCOE and LACE for each technology based on assumed capacity factors1 which generally 

correspond to the high end of their likely utilization range. This convention is consistent with the use of 

LCOE to evaluate competing technologies in baseload operation such as coal and nuclear plants. Some 

technologies, such as combined-cycle {CC) plants1 while sometimes used in baseload operation, are also 

built to serve load-following or other intermediate dispatch duty cycles. Simple conventional or 

advanced combustion turbines (CT) that are typically used for peak load duty cycles are evaluated at a 

. 30% capacity factor, which reflects the upper end of their typical economic utilization range. The duty 

cycle for intermittent resources is not operator controlled, but rather, it depends on weather that will 

not necessarily correspond to operator-dispatched duty cycles. As a result, LCOE values for wind and 

solar technologies are not directly comparable with the LCOE values for other technologies that may 
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have a ·similar average annual capacity factor; therefore) they are shown separately as non-dispatchable 

technologies. Similarly, hydroelectric resources) including facilities where storage reservoirs allow for 

more flexible day-to-day operation, generally have high seasonal variation in output. EIA shows them as 

non-dlspatchable to discourage comparison with technologies that have more consistent seasonal 

availability. The capacity factors for solar, wind, and hydroelectric resources are the average of the 

capadtyfactors-{weighted or unweighted) for the marginal site in each region, which can vary 

significantly by region, and will not necessarily correspond to the cumulative projected capacity fai:tors 

for these both new and existing units for resources in AEO2019 or in other EIA analyses. 

Table 2 shows the significant regional variation in LCOE values from local labor markets and the cost and 

availability of fuel or energy resources (such as windy sites), For example, without consideration of the 

PTC, the LCOE for incremental onshore wind capacity ranges from $38.9/MWh in the region with the 

be·st available wind resources to $72.9/MWh In the region with the lowest-quality wind resources 

and/or higher capital costs for the best sites. Because onshore wind plants wlll most likely be built in 

region·s that offer low costs and high value, the weighted average cost across regions is closer to the low 

end of the range at $42.8/MWh. Costs for wind generators may include additional expenses ass.ociated 

with transmission upgrades needed to access remote re~ourcesJ as well as other factors that mark~ts 

may not internalize into the market price for wind power. 

U.S. Energy Information Administration I Levelized Cost and Levelized Avoided Cost of New Generation Resources AE02019 9 
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Table 2. Regional variation in levelized cost of electricity for new generation resources 
entering service in 2023 {2018 $/MWh) 

Without tax credits 
Capacity­

Simple weighted 

With tax credits1 .. 

Capacity­
Simple weighted 

Plant type Minimum average average2 Maximum Minimum average average2 Maximum 

Dispatchable technologies ----------~-----------~-
Coal with 30% CCS3 93.7 104.3 NB 124.7 93.7 104.3 NB 124.7 ---·-------------------------- - ------ ---- . - -- - ··- -- ------- -- -- -·· --··-------- ---·---------- ------------- -------------------------
Coal with 90% CCS3 89,0 98.6 NB 109.8 89,0 98.6 NB 109,8 -----·-------- ----- -- --- -- - ------- --- ----- --------- -- -- -- -·· ------------ --- ------ ------- --------- ---- -------- -- -- -------------·- --- - --------- - -

__ Convention a I CC ____________________ .±~:i ______ 46.3 ; _________ 4~--~---------~5.0 __________ ±?:i _______ '!~:~-------- __ j~:§-----------~~:~--
:.~?:.'-:'.1 _rl~_E:?_ ~~- --- -------- ---_ -- _____ .?..?:?.. ______ 4.?::t._ -- ______ 4~3_ -- ______ j_?~ ________ ?_?':?._ ________ 4.?::~- _ ------- __ 4.□-:.~----- -- ____ '!~:! __ 

Advanced CC with CCS 55.6 67.5 NB 75.7 55.6 - 67.5 NB 75.7 
-------------- - ------------------· - -- ------------- - ··- ------ --------- ---------- ------------------ --- ------ -- -- --------- ------ ----- -. ------- --
__ S<?_l!Y~!.1.!i~!l.<.!!.<.;I__ __________ 84.1 89.3 ---------~~--------J-_Q.9.1 84.1 ------~~:~-------------~--- ._}_Q.2_._! __ 

Advanced CT 71 .. 1 77,7 77.5 86.7 71.1 77.7 77.5 86.7 ------------------- ------------ -----------· --- -------------- -----------+------------------ ·- --------------
Advanced nuclear 75.1 77.5 NB 81.2 75.1 77.5 NB 81.2 --~------------------------ ---- - - --------- ---------------------·-------- -------------------------- ------------ -- ---·· -----
Geothermal 38.2 41.0 39.4 46.5 35.9 38,3 36.9 43.1 

-------------------- --- ------------------------ --- ------------ ·--·- -------- ------------------ ---------· -- ------------ -------------- -----------
Bio mass 83.1 92.2 . 92.1 114.1 83.1 92.2 92.1 114.1 

Non-dispatchable technologies 

• Wind, onshore_____________ 38.9 ------~?._._~~. ________ 4~'-~----------?~'..~ -+----3_2_.8 ________ 4~:~ ________ 36_._6_. ------~E!_:§ __ 
__ Wind, offshore ____________________ !:!:.~:? ______ :!:.~0.4 ________ :1._1-?_._~----------~-~_8-'-~- ------~.□-~:9.. ______ .?:!_?_._~---- . ___ J_06_._5 _______ :!:_4_2_.6. _ 

Solar PV4 40.3 60.0 48.8 106,9 31.5 45,7 37.6 79.5 ---------------------------- --------- - .---------------------- -- ---------- --------------- --- - -- -- --------
Solar thermal 138.2 157.1 NB 178.7 107 .3 121.2 NB 138.2 

Hydroelectric5 39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 

1Levellzed cost with tax credits reflects tax credits avallable for plants entering service in 2023. See note 1 in Tables la and 1b. 
2The capacity-weighted aver,ige ls the average levelized cost per technology, weighted by the new capacity coming on line In 
each region. The capacity additions for each reglon,are based on additions from 2021-2023. Technologies for which capacity 
additions are not expected do not have a capacity-weighted average and are marked as NB or not built. 
3Because the New Source Performance Standard (NSPS) under Section 111(b) of the Clean Air Act requires conventional coal 
plants to be bullt with CCS to meet specific CO2 emission standards, EIA modeled two levels of CCS removal: 30%, which 
meets the NSPS, and 90%, which exceeds the NSPS but may be seen as a build option in some scenarios, The coal plant with 
30% ccs is assumed to incur a three-percentage-point increase to its cost of capital to represent the risk associated with 

hlgher emissions. 
4Costs are expressed ln terms of net AC power available to the grid for the Installed capacity. 
5As modeled, EiA assumes that hydroelectric generation has seasonal storage so that it can be dispatched within a season, 

but overall operation Is limited by resources available by site and season. 
CCS=carbon capture and sequestration. CC=combined-cycle (natural gas). CT=combustion turbine. PV=photovoltaic. 

Note: EIA calculated the leveliz.ed costs for non-dispatchable technologies based on the capacity factor for the marginal site 
modeled In each region, which can vary signlflcantly by region. The capacity factor ranges for these technologies are 37%-

46% for onshore wind, 41%-50%for.offshore wind, 22%-34% for solar PV, 21%-26% for solar thermal, 76% for 
hydroelectric. The levellzed c:osts are also affected by regional variations in construction labor rates and capital costs as well 

as resource avaliabliity. 
Source: u .s. Energy Information Administration, Annual Energy Outlook 2019 
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LACE accounts for the differences in the grid services each technology is providing, recognizing that· 
intermittent resources, such as wind or solar, have substantially different- duty cycles than the baseload, 
-intermediate, and peaking duty cycles of conventional generators. Table 3 provides the range of LACE. 
estimates for different capacity types. EIA calculated the LACE in this table assuming the same maximum 
capacity factor as used for the LCOE. Values are not shown for combustion turbines because 
combustion turbines are generally built for their capacity value to meet a reserve ·margin rather than for 
generation requirements and to collect avoided energy costs. 

Table 3. Regional variation in levelized avoided cost of electricity for new generation 
resources entering service in 2023 (2018 $/MWh) 

Capacity-weighted 
Plant type Minimum Simple average average1 Maximum 

Dispatchable technologies 
Coal with 30% ccs2 35.6 40.8 NB 48.6 ------------------------------------------------
Coal with 90% ccs~----------------------------------------3_5..c..6 ______ 4_0_.8'---------N'-'-B _____________________ ~~~~--
conventional cc ____________________________________ 3_5._5 ______________________ ~!,_;________________ 38.3 --------------------~~-
Advanced CC 35,5 41,1 40.4 48.4 ---------------------- --·------- -----------·- -------------------------------- -------------
Advanced cc wlth CCS · 35.5 41.1 NB 48.4 ·-·---------· ---·------------------------------------------ -----l.-----:-----------;-------------

__ Advanced nuclear _________ . ______________ . _________________ 35,7 _______ . _________ 4_0_.3 ____________ ~!3 _______________________ '!?.~? __ 
Geothermal 41.4 44.6 45.8 48.1 -------------------------------'---
Biomas~ 35.5 41.3 41,7 48.7 

Wind, offshore ____ _ .. _____ :'!?..:.1. ·----·- ·-··-·· _______ 40.S _________ ... ·---···---~~ .. ~----·--------~~._~ 
--~'?!~ PV3 ______ • ··- ______________________ • _______ . • . --· · 35.1 ____ . _ ··-------- .... 43.4 ______________ . ·--- 40,3 ____ -------~---~!._;_ 

Solar thermal 39,8 44.0 NB . 51.2 

Hydroelectrlc4 · 41.6 41.6 41.6 41.6 
1The capaclty-welghted average ls the average levellzed cost per technology, weighted by the. new.capacity coming· online In 
each region. The capacity additions for each region are based on additions from '.?021-2023. Tech'nologles fQr V{hlch capacity 
addltlons are ncit expected do not have a capacity-weighted average and are marked as NB or not bullt. · 
2Because the New Source Performance Standard (NSPS) under Section 111(b} of the Clean Air Act ri:qulres conventional coal 
plants to be butlt with ccs to meet specific C:O2 emission standards, EIA modeled two levels of CCS removal: 30%, whi~h 
meets the NSPS, and 90%, which exceeds the NSPS but may be seen as a bulld option In some scenarios: The coal plant with 

· 30¾ CCS Is assumed to incur a :three-percentage-point Increase to Its cost of capital to represent the risk as.soclated with.· 
higher emissions. 
3Costs are expressed In terms of net AC power available to the grid for the Installed capacity. 
4As modeled, EIA assumes that hydroelectric generation has seasonal star-age so that it can be dispatched wlthln a season, 
put overall operation ls limited by resources available by site and season. · 
CCS::carbon capture and sequestration. CC=combined-cycle (natural gas). PV=photovoltaic. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

When the LACE of a particular technology exceeds its LCOE at a given time and place, that technology 
would generally be economically attractive to build. The build decisions in the real world and as 
modeled in AE02019, however, are more complex than a simple LACE-to-LCOE comparison because 
they include such factors as policy and non-economic drivers. Nevertheless, the value-cost ratio (the 
ratio of LACE-to-LCOE) provides a reasonable point of comparison of first-order economic 
competitiveness among a wider variety of technologies than is possible using either LCOE or LACE tables 
individually. In Tables 4a and 4b, a value index of less than one indicates that the cost of the marginal _ 

f}.!f8;fJ.f :f 
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new unit of capacity exceeds its value to the system, and a value-cost ratio greater than one indicates 

that the marginal new unit brings in value higher than its cost by displacing more expensive generation 

and capacity options. The average value-cost ratio represents the average of the ratio of LACE-to-LCOE 

calculation, where the ratio is calculated for each of the 22 regions. This range of ratios is not ba,5ed on 

the ratio between the minimum and maximum values shown in Tables 2 and 3, but rather it represents 

the lower and upper bound resulting from the ratio of LACE-to-LCOE calculations for each of the 22 

regions . 

. Table 4a. Value-cost ratio {capacity-weighted) for new generation resources entering service 
in 2023 (2018 $/MWh) 

Plant type 

Dispatchable technologies 

Average capacity­
weighted1 LCOE with tax 

credits 
Average capacity7 

welghted1 LACE Average value-cost ratio2 

Coal with 30% CCS3 NB NB NB 
---------•.--• ------------- -· ---- -··-------- -·-------------- ·--·--·--····----------------------------- --- -·-··---------·-----· ------------. 
Coal with 90% CCS3 NB NB NB 

Conventional CC 42.8 38,3 0.90 
----------------------- ---- ------- --- ----- -- - ---- ------ ----. --- -----~------------------- -- -- ---- -- ------·----- -- --------------------- ----------------------

Advanced CC 40.2 40.4 1.00 --------------------------------------------------------------------------------------------------------------------------------------
Advanced CC with CCS NB NB NB 

Advanced nuclear NB NB NB 
. ---. --------------------.-- ---- ··-··----··- --- -- -··- ----- ----. -------·------ ---- - -------- ---------- ----· --- -------------------- ---- ----------- ----·- ···--- ----. --------· 

Geothermal 36.9 45.8 0.74 -------------------- ---- ---------------- ------- --··-----·· ---- --- --------- ----- -- --- . ---- -- ---- ------ ----- --- -- --- ----- - ------- ----- - ··- -- ---· -------
Biomass 92.1 41.7 0.45 

Non•dispatchable technologies 

.. Wind, onshore ____ ..... _____ ......... ______________ ..... _______________ }_?!~--. ____ .... _______ ·--·-------}-~L ______________________________ Q.:~i .. 

. _ Wind, offshore ___________________ ·····----·-·-· ·-····---···---------·--·!Q?!?.. _______ . _____ . _ ... ___ .... ____ ... ?..~:~-- ______________________________ 9..:~?.. 
Solar PV4 37.6 40.3 1.07 ------------------··---------------- -------- ---·------- --- -·. -- -- - --- ---- - --- ---------- --------··- ---·---------- --- --- -- . -------- ------- --- --------. 
Solarthermal NB NB ___ NB --------------------------- -- --- -·--------.- ---------------------------------- ---- -- ----------------------
Hydroelectric5 39.1 41..(i 1.06 
1The capacity-weighted average Is the average levellzed cost per technology, weighted by the new capacity coming onllne In 
each region. The capacity additions for each region are based on additions from 2021-2023. Technologies for which capacity 
additions are not expected do not have a capacity-weighted average and are marked as NB or not built. 
2The average value-cost ratio represents the economic value or the average of the ratio of LACE-to-LCOE calculation, where 
the ratio Is calculated for each of the 22 regions based on the cost with tax credits for each technology, as available. 
3 Because the New Source Performance Standard (NSPS) under Section 111(b) ofthe Clean Air Act requires conventional coal 
plants to be-built with CCS to meet specific CO2 emission standards, EIA modeled two levels of CCS removal: 30%, which 
meets the NSPS, and 90%, which exceeds the NSPS but may be seen as a bu lid option in some scenarios. The coal plant with 
30% CCS Is assumed to Incur a three-percentage-point increase to Its cost of capital to represent the risk associated with 
higher emissions. 
4Costs are expressed In terms of net AC power available to the grid for the Installed capacity. 
5 As modeled, EIA assumes that hydroelectric generation has seasonal storage so that It can.be dispatched within a season, 
but overall operation ls limited by resources available by site and season. 
CCS-=carbon capture and sequestration. CC=comblned-cycle (natural gas). PV=photovoltaic. 
Source: U.S. Energy Information Admlnlstratlon, Annual Energy Outlook 2019 · 

As.shown in Table 4a, the capacity-weighted average value-cost ratio is greater than one for solar PV, 

advanced CC, and hydroelectric in 2023, suggesting that these technologies are being built in regions 

where they are economically viable. Furthermore, the capacity-weighted average value-cost ratlo for 

· advanced CC is close to one, suggesting that the technology has been an attractive marginal capacity 
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addition1 and the market has developed the.technology to an equilibrium point where the net economic 

value is close to breakeven after having met load growth and/or displaced higher cost generation.9 

·Table 4b. Value-cost ratio (unweighted} for new generation resources entering service in 2023 

Plant type 

Dlspatchable technologies 

Average 
unweighted LCOE 

with tall credits 
(2018 $/MWh) 

Average 
unweighted LACE 

(2018 $/MWh) 

Cqal with 30% CCS3 104.3 40.8 

Average 
value-cost 

ratio1 Minlmum2 Maximum2 

0.39 0.35 0.44 -~-------~--------------------------- --------------------
Coal with 90% CCS3 98.6 40,8 0.41 0.37 0.51 --------------------·--------------------------- -------------------
Conventional CC 46.3 41.1 0.89 · 0,79 0,93 ---------------- ------------
Advanced cc· 41.2 41.1 1.00 0.87 1.03 ------------------------------

__ Advanced CC wlth cc:s ________________ 6_7_.5__ 41.1 0.61 0.53 0.78 ----------------
Advanced nuclear 77.5 40,3 0,52 0.46 0.60 -----------------------------------------------------~ 
Geothermal 38.3 44.6. 1.17 1.03 1.34 ----------------------------------------------------------------------------
Biomass 92,2 41,3 Q.45 0.41 0,49 
Non-dlspatchable technologies 
Wind, onshore 49,8 · 36.1 --~-------·------------------------------------------------ 0,75 -------------------0.54 -1.04 

Wind, offshore -----------------~-~?,5___________________ 40.5 _______ o_.3_5 _______________ g:?_~--------- 0.48 
Solar PV4 45.7. 43.4 0.98 0,63 1.16 -----~-------------------------· --------------· ----------- ---- ·-··----------------------------------- -----------
Solar thermal· 121.2 44.0 0.37 0.30 0.43 ------------------.-.-----···- .. -- ... ·-- ·------- - . ________________________________ ,. _______ ·---·--··------ ------··-----------
Hydroelectrlc5 39,1 41.6 1.06 1.06 1.06 
1The average value-cost ratio represents the economic value or the average ratlo of LACE-to-LCOE calculation,· where the 
ratio ls calculated for each of the 22 regions based on the cost with tax credits for each technology, as avallable. 
2The range of unweighted value-cost ratio Is not based on the ratio between the minimum values shown In Tables 2 and 3, 
but It repre!ients the lower-and upper bound resulting from the ratio of LACE-to-LCOE calculatlons for each of the 22 regions. 
3Because the New Source Performance Standard (NSPS) under Section 111(b) of the Clean Air Act requires conventional coal 
plants to be bulltwlth CCS to meet specific CO2 emission standards, EIA modeled two levels of CCS-removal: 30%, which 
meets the NSPS, and 90%, which exceeds the NSPS but may be se~n as a build option In some scenarios. The coal plant with 

-30% CCS ls assumed to Incur a three-percentage-point Increase to 'its cost of capita I to represent the risk associated with 
higher emissions. 
4costs are expressed In terms of net AC power available to the grid for the Installed capacity. 
5As modeled, EIA assumes that hydroelectric generation has seasonal storage so that It can be dispatched within a·season, 
but overall operation is limited by resources available by site and season, 
CCS::carbon capture and sequestration. CC=comblned-cycle (natural gas), PV=photovoltalc. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

LCOE and LACE projections 
Figure 3 shows capacity-weighted and unweighted LCOE for advanced CC, solar PV, and onshore wind 

plants entering service during-the AE02019 Reference case projection period (2021-50). Changes in 

costs overtime reflect a number of different model factors1 sometimes working in different directions. 

For both solar PV and onshore wind1 LCOE increases in the near term with the.phase-out and expiration 

of ITC and PTC1 respectively. However, LCOE eventually declines over time because of technology 

improvement that tends to reduce LCOE through lower capital costs or improved p_erfon:nance (as 

9 For a more detalled discussion of the LACE versus LCOE measures, see Assessing the Economic Value of New Utility-Scale 
Electricity Generation Projects {http:ljwww.ela.gov/renewable/workshop/gencosts/pdf/lace-lcoe 070213.pdfl. 
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measur~d by heat rate for advanced CC plants or capacity factor for onshore wind or solar PV plants), 

partly offsetting the loss of the tax credits. The availability of high-quality resources may also be a factor. 

As the best, least-cost resources 9re used, future development will occur in less favorable areas, 

potentially resulting in _!o~er-performing resources, higher project development costs, and higher costs 

to access transmission lines. For advanced CC, changing fuel prices also factor into the cha~ge in LCOE, 

as well as any environmental regulatiorrs affecting capital or operating costs. 

Figure 3, Capacity-weighted1 and unweighted levelized cost of el_ectricity2 projections and 
three-year moving capacity additions for selected generating technologies, 2021-50 
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~ Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

1Capaclty-welghted average ls the average levellzed cost per technology, weighted by the new _Cflpac_lty comi_ng onlh;ie In the 
previous three years In each region. For example, plants coming onllne in 2023 are based on additions from 2021~2023. 
2Levellzed-cost-includes tax credits available for plants entering service during the projection period. $ee note 1 ln Tables 1a 
and 1b. 
3Costs are expres~ed In terms of_ net AC power available to the grid for the installed capacity .. 

For advanced-CC, tbe capacity-weighted average LCOE and unweighted average LCOE are not far apart 

from each other because new builds are expected across several regions throughoutthe projection 

period. The capacity-weighted average LCOE and unweighted average LCOE for solar PV are more 

differentiated because new capacity builds are concentrated primarily in regions with favorable 

resourc~s and/or higher electricity costs. Solar PV plants continue to be installed throughout the 

projection period so the capacity-weighted average LCOE stays lower than the unweighted average 

.LCOE, teflecting the build-out in low-cost regions. In the near and mid term, wind builds are significantly 

influenced by both state and federal policy, leading to higher-cost sites being built. Later in the 

projection_ period, well after the influence of federal tax credits has subsided, market economic~ are 

· more influential in spurring wind capacity additions, and the capacity-weighted average LCOE returns to 

its expected position below the unweighted line. 
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The projected regional range for advanced CC is generally narrow in the early years, but this range 

widens in later years.because of the increase in variable O&M costs for plants in California as a result of 

California1s phase-out of fossil generation starting in 2030. 

Figure 4 shows capacity-weighted and unweighted averages LACE over time. Changes fn the value of 

generation, represented by LACE1 are primarily a function of load growth. Wind and solar may .show 

strong daily or seasonal generation patterns within any given region; as a result, the value of such 

· renewable generation may see significant reductions as these time-periods become more saturated with 

generation from resources with-similar hourly operation patterns. As this saturation occurs,.generation 

from new facilities must compete with lower-cost options in the dispatch merit order. LACE for onshore 

wind is generally lower than other technologies be03use in many regions, wind plants.generate mostly 

at night or during fall and spring seasons when the demand for and the value of electricity are typically 

low. Solar PV plants produce most of their energy during the middle of the day, when higher demand 

increases the value of electricity, resulting in higher LACE. 

Figure 4. Capacity-weighted1 and unweighted levelized avoide~ cost of electricity projections 
and three-year moving capacity additions for selected generating technologies, 2021-50 
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e~ Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

1Capaclty-weighted average Is the average levellzed cost per technology, weighted by the new capacity coming online in the 
previousthree years In each region, For example, plants coming onllne In 2023 are based on <)dditions from 2021.:...2023. 
icosts are expressed In terms of net AC power available to the grid for the Installed capacity. 

Similar behaviors and patterns are observed with LACE as with LCOE. For onshore wind1 the capacity­

weighted average LACE traces the maximum bound of the regional range because California, which also 

has the highest LACE starting in 2030, is among the few regions with new capacity expected; The 

capacity-weighted LACE returns to near the level of unweighted average LACE in later years as new 

capacity is expected across a wider number of regions. 

As illustrated in Figure 5, when considering both the value and cost of building and operating a power 

plant, advanced CC, solar PV, and onshore wind all reach market equilibrium or a·break-even point. The 
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break-even point represents a stable solution point where LACE equals LCOE. Once a technology. 

achieves a valu~-cost ratio greater than one (grid parity), its value-cost ratio tends to remain close to 

unity as seen with advanced CC. If the value-cost ratio becomes significantly greater than one, the 

market will quickly build-,-out the technology until it meets the demand growth and/or displaces the 

higher cost incumbent generation. Similarly, if the value-cost ratio becomes negative, continued load 

growth, technology cost declines, or perhaps escalation in the fuel cost of a competing resource will 

tend to reduce the technology costs and/or increase the technology value to the grid over time. 

Figure 5. Value-cost ratio and three-year moving capacity additions for selected generating 
technolo~ies, 2021-50 
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eia) Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

Market shocks may cause a divergence between LACE and LCOE, therefore disturbing the market 

equilibrium. These market shocks include technology change, policy developments, or fuel price 

volatility that can increase or decrea~e the value-cost ratio of any given technology. However, EIA 

expects the market to correct the divergence by either building the high-value resource (if the value­

cost ratio increased} or waiting for slow-acting factors such as load growth to increase the value in the 

case of a value-cost ratio decrease, as seen for the capacity-weighted ·average value-cost ratios of both 

wind and solar PV. 
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Appendix A: LCOE tables for new generation resources entering 
servic~ in 2021 

Table Ala. Estimated levelized cost of electricity {capacity-weighted average1 ) for new 
generation resources entering service in 2021 {2018 $/MWh) 

Capacity 
factor 

(%) 

Levelized 
capital 

. cost 

l:evelized 
fixed 
O&M 

Levellzed 
variable 

O&M 

Levellzed 
transmission 

cost 

Total 
system 

LCOE 

Leve!ized Total LCOE 
· tax including 

Plant type credit2 tax credit 

Dispatchable technologies 

Conventional c:_:~-------------~z ____________ §.:~-------------!:2._ _________ ?~:? _______________ !:_~~-------j§.L __________ ~~------------.'.!§_2 __ 
Advanced CC 87 7.1 1.4 30,9 1.0 40.5 NA 40.5 -- ------------------- ------------------------------- -------------------- ----------------
Convention a I CT 30 25.6 6,9 49.3 2.7 84.6 NA 84.6 --------------------------------------------------------------------------------------------------------------------------
Advanced CT 30 19.7 2.7 54.8 3.3 80.6 NA 80.6 

Non-dispatchable technologies 

Wind, onshof~----. . 43 33,4 
-- ---------- -------- 13.1 0,0 2,3 48.8 -12.1 ---------------------------- 36,7 

Solar PV3 31 41.0 8.3 0.0 2.9 52.2 -12.3 39.9 
1The capacity-weighted aver.age ls the average levelized cost per technology, weighted by the new capacity coming on line in 
each region. The capacity additions for eacli region are based on additions from 2019-2021. 

2The tax credit component is based on targeted federaHax credits such as the PTC or ITC available for some technologies. It 
reflects tax credits avallable only for plants entering service in 2021 and the substantial phase out of both the PTC and ITC as 
scheduled under current law, technologies not eligible for PTC or ITC are indicated as NA or not available. The results are 
based on a regional model, and state or local Incentives are not included In LCOE cak:ulatlons. See text box on page 2 for 
detal!s on how the tax cre<;llts are represented In the model. 
3Costs are expressed In terms of net AC power available to the grid for the instalied capacity. 
CC=comblned-cycle (natural gas). CT=combustlon turbine. PV=photovoltalc. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

Table Alb. Estimated levelized avoided cost of electricity (unweighted average) for new 
generation resources entering service in 2021 {2018 $/MWh) 

Plant type 

Capacity 
factor 

(%) 

levelized 
capital 

cost 

Levelized 
fixed 
O&M 

Levelized 
variable 

O&M 

Levelized. Total Levelized 
·transmission system · tax 

cost LCOE credit1 

Total LCOE 
including 
tax credit 

Dispatchable t.echnologles _ -------·----·-·-·· ___ _ 

___ Conventional cc _____________ ~?_ .. _ __ _ _ -~~!. __ _ __ _ __ ~'~---·· __ . ___ ?.?..:.~------------------!::?.: ________ '.!?:~--- ---------~~------------.'!~--~--
Advanced CC_ -------------~-- __ __ .. ..z~i __ _ _ ___ }.::1. ···-----. ___ ?.!:~~---- ··---------· .!:~~-------'.!~•§. ___________ !'!~-----------.'.!~--~--
Conventional CT 30 28.3 6.9 51.5 3,2 89.9 NA 89.9 ---------- -------------- ·---· ---· ----------. . --~--- ---- ·- --· -- ------ ----------· -- ----------·-----------------·· --------·-------------------------
Advanced.CT 30 18,1 2.7 57.1 3.2 81.1 NA 81.1 
Non-dispatchable te~hnologles 

__ Wind, onshore-----------··. 41 __________ 40,2··--·· _____ 13.z ___________ o.o _________________ 2.5 _______ 56.5 ________ -12.1 ___________ 44.4 __ 

Solar PV2 29 50,2 8.9 o.o 3.3 62.5 -15.1 47.4 

1The tax credit component Is based on targeted federal tax credits such as the PTC or ITC available for some technologies. It 
· reflects tax credits available only for plants entering service In 2020 and the substantial phase out of both the PTC and ITC as 
scheduled under current law. Technologies not eligible for PTC or ITC are Indicated as NA or not available. The results are 
based on a regional model, and state or local incentives are not Included in LCOE calculations. See text box on page 2 for 
details on how the tax credits are represented in the model. . 
2Costs are expressed in terms of net AC power available to the grid for the Installed capacity. 
CC=combined-cycle (natural gas). CT::combustion turbine. PV=photovoltaic. 
Source: U.S. Energy Information Administration, Annual Energy Out/aok 2019 
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Table A2. Regional variation in levelized cost of electricity for new generation resources 
entering service in 2021 (2018 $/MWh) 

Range for total system levelized costs 

Capacity• 
Simple weighted 

Range for total system levelized costs 
with tax credits1 

Capacity­
Simple weighted 

Plant type Minimum average average2 Maximum Minimum average average2 Maximum 

Conventional CT 84.4 89.9 84.6 100.5 84.4 89.9 84.6 100.5 
. ------------- ---- -----. -··------ -- ---------- - . ------ --------------------- --------------~ --- ------------ ·---------------- -----------

Advanc.ed CT 74.6 81.1 80.6 90.2 74.6 81,1 80.6 90.2 

Non-dispatchable technologies 

__ Wind, onshore _______ .---------- -~-~~~---· _ ----~~~~----------.±?..~~---- -------~~~~- _________ ?_~--- ------~~~i ________ 36_. 7_ --·-----~7 .2 __ 

Solar PV3 · 41.7 62.S 52.2 111.6 32.6 47.4 39.9 82.8 
1Levellzed cost with tax c:redlts reflects tax credits avallable for plants entering service In 2021. See note 1 in Tables Ala and 
Alb. 

2The capacity-weighted average ls the average levelized cost per technology, weighted by the new capacity coming onllne in 

each region. The capacity additions for each region are based on additions from 2019-2021. 
3Costs are expressed in terms of net AC power available to the grid for the installed capacity. 

CC=combined-cycle (natural gas). CT=combustion turbine. PV=photovoltaic . 

. Nqte; EIA_calculated the levelized costs for non-dispatchable technologies are calculated based on the capacity factor for the 

marginal site modeled In each region that can vary significantly by region. The capacity factdr ranges for these technologies 

are 36%-45% for onshore wind.and 22%-34% for solar PV. The levelized costs are also affected by regional variations in 

construction labor rates and capital costs as well as resource availability . 
. so.urce: U.S. Energy Information Administration, Annual Energy Outlook 2019 

Table A3. Regional variation in levelized avoided cost of electricity for new generation 
resources entering service in 2021 {2018 $/MWh) 

Plant type Minimum Simple average 

Capacity­
weighted 
average1 Maximum 

Dlspatchable technologies 

36,2 41.6 Conventional cc 
Advanced CC 

------------------------------------------------------------------
36.2 41.6 

Non-dispatchable technologies 

Wind, onshore --~---------------·•----------------- 33.9 36.6 ------------------------------------------------
Solar PV4 33.7 44.8 

41.7 49.0 

40.8 49.0 

34.7 44.0 

41.7 52.9 

1The. capacity-weighted average Is the average levelized cost per technology, weighted by the new capacity coming online in · 

each region. The capacity additions for each region are based on additions from 2019-2021. 
2Costs are expressed In terms of net AC power available to the grid for the Installed capacity. 

CC=combined-cycle (natural gas). PV=photovoltaic. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 
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Table A4a. Value-cost ratio (capacity-weighted) for new generation resources entering service 
in 2021 {2018 $/MWh) 

Average capacity-weighted1 

LCOE with tax credits 
Average capacity- Average value-cost 

Plant type weighted1 LACE ratio2 

Dispatchable technologies_ 

Conventional CC 46.7 41.7 0.89 ------- ------------- ------ .. _,, __ --- -- ------ - - -----. -··--- -- --- . ---- ------ ---------------·--. ---------- ---- -----------·---------- --- .. ---· -- -------------------
Advanced CC 40.5 40.8 1.01 

Non-dispatch;ible technologies 

--~~~d1 onshore 
Solar PV3 

36.7 34.7 1.00 --------------------------------------·---·-·-------· -----·-···-····------··-------·-···-·-------
39.9 41.7 1.05 

1The capacity-Weighted average is th~ average levelized cost per technology, weighted by the new capacity coming onllne in 
each region. The capacity additions for each region are based on additions from 2019-2021. 

2The average value-cost ratio represents the net economlc value or the average of the ratio of LACE-to-LCOE calculation, 
where the ratio is calculated for each of the 22 regions based on the cost with tax credits for each technology, as available. 
3Costs are expressed in terms of net AC power available to the grid for the Installed capacity. 
CC=combined-cycle (natural gas). PV=photovoltalc. 
Source; U.S. Energy Information Administration, Annual Energy Outlook 2019 

Table A4b. Value-cost ratio (unweighted) for new generation resources entertng service in 
2021 

Plant type 

Average 
unweighted LCOE 

with tax credits 
(2018 $/MWh) 

Average 
unweighted LACE 

(2018 $/MWh} 

Average 
value-cost 

ratio1 Min1mum2 Maximum2 

.... ···-·-·----· ··--·--·---- . ··-··--------------------~----------------
Conventional cc 46:8 41.6 0,89 0,79 0.93 -- - -- ----------------- .. ------------------·- ---· -· -- ----------- ------------·------- --------- - -- ------------------------------
Advanced CC 41.6 41.6 1.00 0,88 1.04 

Non-dispatchable technologies --·· ---.------·---- -------------·------------
__ Wind, onshore -___ , _________ .. __ .. 44.4 36.6 0,86 0.60 1.23 

- . . - . - -- ----- ---------------------- ----------------------------------------------
Solar PV3_ 47.4 44.8 0.98 0.61 1.20 

- 1The average value-cost ratio represents the net economic value or the averageratio of LACE-to-LCOE calculation, where the 
ratio Is calculated for each of the 22 regions based on the cost with tax credits for each technology, as available. 

·2The range of unweighted value-cost ratio Is not based on the ratio between the minimum values shown ln Tables A2 and 
A3, but it represents the lower and upper bound resulting from the ratio of LACE-to-LCOE_calculations for each of the 22 
regions. 
3Costs· are expressed In terms of net AC power available to the grid for the Installed capacity. 
CC=comblned-cyde (natural gas). PV=photovoltaic. 
Source: U .s. Energy lnformatlon Adrninlstration, Annual Energy Outlook 2019 
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Appendix B: LCOE and LACE tables for new generation resources 
entering service in 2040 

Table 81a. Estimated levelized cost of electricity {capacity-weighted average1) for new 
generation resources entering service fn 2040 (2018 $/MWh) . 

Plant type 

Capacity 
factor 

(%) 

Dispatchable technologies 

Levelized 
capital 

cost 

Levelized 
fixed 
O&M 

Levelized 
variable 

O&M 

levelized 
transmission 

cost 

Total 
system 

_LCOE 

Levelized 
tax 

credit2 . 

Tota!LCOE 
including 
taxcredit 

Coal with 30% CCS3 NB NB NB NB NB NB NB NB --------------------------- -------. -----··---------··---- --- ----------------------------------- --- . ·-- -- . - ------------------------·---- -- -- *-------------- -------
Coa I with 90% CCS3 NB NB NB NB NB NB NB NB 

Conventional CC 87 7.8 1.5 40.3 1.1 50.7 NA 50.7 
----- ------- ---- ----------------. ----- ---------------------------------- ---- - ·- -- ---------------------··----· -------------------------

Advanced CC 87 6.5 1.4 37.9 1.2 . 46.9 NA 46.9 -------------- --- - -------------- ------- ------ ------- - -------------. - - . ---- -- -- -------------------------------------- -------
Advanced CC wlth ccs -··· ....... 1.'.JA __ ·-······. NB ·-·-·-·-·!'!i3 __ ......... !':!~.- ........... ~.~··-···-····!':!!l_. ___ ....... NB·---·-··-····~~--

.. ~~-~':'_!:!1_~~11.~!9: ... ··-···········•··~~ .. - ....... NB--········ NB-········--NB·-···-····-···· NB·-·-·-·-···· NB·-···· ·- NB ---········--i:1-~-
Advanced er 30 15.0 2.7 63.2 3.8 84.6 NA 84.6 

·······-·······-···-· ··-··-···· ··-··--·· ·---------· ---··-· ------·· ·---· ·-----·-····-·-···--·---·· ··--·--
Advanced nuclear NB NB NB NB NB NB NB NB 

------. - .------------------- ------ ------- --··------------------------ --- ------------------ ·------------- -----------------------
Geothermal 93 18.8 15.9 0.0 1.5 36.2 •1.9 34.3 ---------------------------· ·-- --·- ····-··--·------·-- ------------------ ----- ------ --------- ... ·-··-···--------- ---··--- --------· ., _________ -· --- -----------
Biomass NB NB NB NB NB NB NB NB 

Non•dispatchable technologies 

.. ~ind, onshore··········-·- ........ ±~-· ...... I?:~·-··· ... .?:.?~I·-···· ..... g.:.q__ .... .... _.-3.L ....... .. '.'1.:?:~ ·-····-····!'!~.--.... 43.5 

.. Wind, offshore ·····-··-·-··-·-·J':fA._...... NB .... .i"J.!l_ -··. NB ·--··-J:!Il ............. !'!~.-· ....... !'!~.·-··········J':f.~. 
Solar PV4 30 30.9 8.6 0.0 3.1 42.6 ·3,1 39.5 ----------- ·--- --- -- --- ----- ---- ···---··- .-----------------------·---------- -- ·------------ ---- -------------------·---------- ----·--·-------------------
Solar thermal NB NB NB NB NB NB NB NB 

Hydroelectric5 73 39.4 13.7 1.4 1.9 56.3 NA 56.3 

-1The capacity-weighted average is the average levellzed cost per technology, weighted by the new capacity comlng on line In 

each region. The capacity additions for each region are based on additions from 2038-2040. Technologies for which capacity 

additions are not expected do not have a capacity-weighted average and are marked as NB or not bullt. 

2The tax credit component is based on targeted federal tax credits such as the PTC or ITC available for some.technologles. It 

reflects tax credlts_avallable only for plants entering service In 2040 and the substantial phase out of both the PTC and ITC as 

scheduled under current law. Technologies not eligible for PTC or ITC are Indicated as NA cir not available. The results are 

based on a regional model, and state or local Incentives are not included In LCOE calculations. See text box on page 2 for 

details on how the tax credits are represented in the model. 
3Because the New Source Performance Standard (NSPS) under Sectlon 111(b) of the Clean Air Act requires conventional coal 

plants to be bullt with CCS to meet specific CO2 emission standards1 EIA modeled two levels of CCS rem~val: 30%, which 

meets the NSP.$, and 90%, which exceeds the NSPS but may be seen as a bu lid option in some scenarios. The coal plant with 

30% CCS Is assumed to Incur a three-percentage-point Increase to its cost of capital to represent the risk associated with 

higher emissions. 

· 4Costs are expressed in terms of net AC power avatlable to the grid for the installed capacity. 
5As modeled, EIA assumes that hydroelectric genE)ratlon has seasonal storage so that it can be dispatched within a season, 

but overall operation is limited by resources available by site and season. 

CCS=carbon capture. and sequestration. CC=combined•cyde (natural gas). CT=combustion turbine. PV=photovoltaic. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

U.S. Energy Information Administration I Levelized Cost and Levelized Avoided Cost of New Generation Resources AE02019 20 
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Table Blb. Estimated levelized cost of electricity (unweighted average) for new generation 
resources entering service in 2040 (2018 $/MWh) 

Capacity 
factor 

(%] 

Levelized 
capital 

cost 

Levelized 
f1Xed 

O&M 

levelized 
variable 

O&M 

· Levelized 
transmission 

cost 

Total 
system 

LCOE 

TotalLCOE 
Levelized including 

Planttype· tax credit1 tax credit 

Dispatch,!ble technologies 

Coal with 30% ccs2 85 58.9 9.7 36.7 1.2 106.5 NA 106.5 ---------- -----------------------------------------
Coal with.90% ccs2 

Conventional c.c 

Advanced CC 

85 47.9 11.2 36,5 1,2 96.8 NA 96.8 ----------------------------- ------------------------------------------
87 9.2 1.5 43.0 1,2 55,0 NA ' 55.0 

87 6.9 1.4 39.7 1.2 49,2 NA 49,2 ---------------
87 17.5 4.5 50.6 1.2 73,8 NA 73,8 ----------------------------------

NA corwentloi:ial CT 30 27.8 6.9 62.2 _____ 3_.6 __ 1_0_0._5 ____ _ 100.5 

Advanced CT 30 15,6 2.7 63,7 3,6 85.5 NA 85,5 ------·---------- _______________ ., ________________ _ --------------
Advanced nuclear 90 49,3 13,1 10,0 1.1 73.5 NA 73.5 -----~------ -------------------
Geo therm a 1- 9.3 22.6 16.4 0.0 1.5 40.5 -2.3 ------~-----~- -------- --------------------- 38.3 

Biomass 83 31.0 15.7 37.1 1.3 85.1 NA 85.1 

Non-dispatchable technologies 

Wind, onshore 40 34.6 13.8 o.o 2.9 51.3 NA 51.3 .. ______________ _ 
---------------------- ---------------

2.6 ---------------------------------------------------------- ---.. ~Inc!,_ offshore 45 20.3 87.5 0.0 110·,4 NA· --------- ----- 110.4 

52.7 Solar PV3 -----------------····-~------- 40,0 ____ 8._9 __________ Q~Q. _____ 3_.7 ___ _ -4.0 48.7 

Solar thermal 25 99,5 33,3 0,0 4.7 137.5 -10.0 127.5 ------ --------------·----------- ----···---------------------------------.--------------- -------------
Hydroelectrlc4 63 35.9 9.7 1.9 ·2.2 49.6 NA 49.6 

·1The tax-credit component ls based on targeted federal tax credits such as the PTC or ITC available for some technologies. ft 

reflects tax credits ava!lable only for plants entering service in 2040 and the substantial phase out of both the PTC and ITC as 

scheduled under current law. Technologies not eligible for PTC or ITC are Indicated as NA or not available. The results are 

based on a regional model, and state or local Incentives are not Included In LCOE calculations, See text box on page 2 for 

details on how the tax credits are represented In the model. . 
2Because the New Source Performance Standard (NSPS) under Section 111{b) of the Clean Air Act requires conventional coal 

plants to be built with CCS'to meet specific CO2 emission standards, EIA modeled two levels of ccs removal: 30%, which 

meets the NSPS, and 90~, which exceeds the NSPS but may be seen as a build option In some scenarios. The c;oal plant_ with 

30% CCS Is assumed to Incur a three-percentage-point Increase to Its cost of capita( to represent the risk associated with 

higher emissions. 
3Costs are expressed In terms of net AC power avallable to the grid for the Installed capa~lty. 
4As modeled, EIA assumes that hydroelectric generation has seasonal storage so that It can be dispatched within a sea~on, 

but overall operation Is limited by resources available by site and season. 

CCS=carbon ·capture and sequestration. CC=comblned-cycle (natural gas). ~e:combustlon turbine. PV=photovoftaic. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 · 

U.S. Energy Information Administration I Level12ed Cost and Levelized Avoided Cost of New Generation Resources AE02019 21 
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Table B2. Regional variation in Ievelized cost of electricity for new generation resources 
entering service in 2040 {2018 $/MWh) 

Plant type 

Dispatchable technologies 

Coal with 30% CCS3 

Coal with 90% CCS3 

Range for total system levelized costs 
Range for total system Jevelized costs --+--------w_i_th_t_a_x_c_re_d_it_s_1 _______ _ 

Capacity-
Simple weighted 

Minimum average average2 Maximum Minimum 

90.8 

84.2 

106.5 

96.8 

NB 

NB 

160.6 

111.8 

90.8 

84.2 

Capacity­
Simp_le weighted 

average average2 Maximum 

106.5 

96.8 

NB 

NB 

160.0 

111.8 

50.6 55.0 50.7 81,1 50.6 55.0 50.7 81.1 __ _s()_~ventional CC 

Advanced CC 
---- --- --------------- --- ------ ------ --- . -------- ·•---·· ---------+------------------------------------ ------------

44.4 49.2 46.9 78.1 44.4 49.2 46.9 78.1 

Advanced CC with CCS 60.8 73.8 NB 82.3 60.8 73.8 NB 82.3 --------------------------- ----- ------- --- -. --- - ------ --------- --------- ------------------------- -- -------------- ---··--------
__ .s()_IWenti o ni) l CT ____________________ 92.3_ ______ :1:_QP..:~---. _______ .!:)_~--- _______ ;_~?.:;__ _ ____ --~?:3. ______ }_Q_Q~~- _________ ,!'!~----------~~?.:! __ 

Advanced CT 77.1 85.5 84.6 119.8 77.1 85.5 84.6 119.8 ----------------------- ---- ----- ----. --------- ·- -- -------- . - . ---- -------------------------- ~-- -------------------------·-- -----------· 
Advanced nuclear 71.4 73.5 NB 77.0 71.4 73.5 NB 77.0 _____________ .,________________________________________ ------------------~----------------------------------
Geothermal ______________________ ?_~:~-----· __ 19-~~----------~6.~-------.,---~~:~- _______ 3_~:~ _______ 38.3 ________ 34,3 ----------~9~ 
Biomass 77.4 85.1 NB 109.4 77.4 85.1 NB 109.4 

Non-dispatchable technologies 

Wind, onshorE\ _____ }.~:~-------~1.3 _________ 1~:.~-----------?~:~- --------~~:~------ 51.3 _______ ___ !!-.?:~-----------~§_:Q_ 
Wind, offshore ----------------~-?:? _______ !!Q~~------------~~-------- .!~i:?__ --------~_?:~ 110.4 __________ f'! !?_ ________ ;13,7 

Solar PV4 _______________ ___________ .?_?:9 _____ ----~~·?_ _________ 13.:.~-----------~3.~~- ________ 33.5 _______ _j~:Z__ ________ A~..:.~-----------~~:~--
Solarthermal 121.3 137.5 NB 156.5 . 112.7 127,5 NB 145.3 

Hydroelectric5 38.9 49.6 56.3 64.6 38.9 49.6 56,3 64.6 

1Levelized cost with tax credits reflects tax credits available for plants entering service in 2040. See note 1 In Tables Bia and 

Bib. 
2The capacity-weighted average is the average levelized cost per technology, weig_hted by the new capacity coming onllne In 
each region. The capacity additions for each region are based on additions from 2038-2040, Technologies for which capacity 

additions are not expected do not have a capacity-weighted average and are marked as NB or not bullt. 
3B ecause the New Source Performance Standard (NSPS) under Section 111(b) of the Clean Air Act requires conventional coal 
plants to be built with CCS to meet specific CO2 emission standards, EIA modeled two levels of CCS removal: 30%, which 
meets the NSP5, and 90%, which exceeds the NSPS but may be seen as a build option In some scenarios. The coal plant with 

: 30% CCS ls assumed to incur a three-percentage-point Increase t-o Its cost of capital to represent the risk associated with 

higher emissions, 
4Costs are expressed In terms of net AC power available to the grid for the Installed capacity. 
5As modeled, EIA assumes that hydroelectric generation has seasonal storage so that It can be dispatched within a season, 

but overall operation is llmlted by resources available by site and season. 
C~S=carbon capture and sequestration. CC=combined-cycle (natural gas). CT=combustion turbine, PV=photovoltaic, 

. N.ote: EIA calculated the levelized costs for non-dlspatchable technologies are calculated based on the capacity factor for the 

marginal site modeled in each region that can vary significantly by region. The capacity factor ranges for these technologies 
are 37%-46% for onshore wind, 41%-50% for offshore wind, 22%-34% for solar PV, 21%-26% for solar thermal, 30%-79% 
for hydroelectric. The !eve\ized costs are also affected by regional variations in construction labor rates and capital costs as 

well as resource availabllity. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

U,S. Energy Information Administration ] Levelized Cost and Lev_elized Avoided Cost of New Generation Resources AE02019 22 
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Table 83. Regional variation in levelized avoided cost of electricity for new generation 
resources entering service in 2040 (2018 $/MWh) 

Capacity-weighted 
.Plant type Minimum Simple average average1 Maximum 

Dispatchable technologies 

Coal with 30% CCS2 42.5 ___ 48.0 NB 67.3 ------------- ------------------·--- ------- - ---------·-------- - ---------·----------- -- ----------------------------------------
Coa I with 90% CCS2 42.5 48.0 ____ NB 67.3 -----------------------------------------------------
Conventional CC ____ 42.4 48.3 44.5 67.1 -------------------------- ---------- -- --- ------------- ------ ----- ---------- ' -- ------------------
Advanced CC 42.4 48.3 46.8 67,1 ------------------------------------------------------------------------------------- -------------------------------------------------
Advanced CC with CCS _______________________________ 1?-~--------- 48,3 _________ NB _____ 67.1 

Adv a need nuclear _________________________________________ 41.5 _____________________ 1§.~~---------. ------·-------!'l.8- 56. 7 

Geothermal 48.8 55.6 6S.8 66.7 ----------------------- ------ ----------------------- --------------------- . . 

Bio111ass 42.6 48.S NB 67.4 

Non-dlspatchable technologies 

Wind, onshore _____________________________ ----------------------~?..·~--________________ -~ _iJ:~~-----_ _ __ _ __________ --~Q.~~------- ___________ 61~~--

--Wlnd, offshore__________________________________________ 41.9 47.4 !'l.8-___________________ ?i~--
Solar PV3 38.4 46.8 42.9 58.5 --------- .------------------------------- ------------- ------------- --- ----------
Solar therma[ 41.1 48.4 NB 55,3 

Hyd roelectrtc4 41.7 51.1 57.6 6S.8 

1The capacity-weighted average Is the average leve!ized cost per technology, weighted by the new capacity coming onllne In 

each region. The capacity additions for each region are based on addltlons'from 2038-2040. Technologies for which capacity 

additions are not expected do not have a capacity-weighted average and are marked as NB or not built. 
2Because the New Source Performance Standard (NSPS} under Section 111(b) of the Cle(!n Air Act requires conventional coal 

plants to be built with CCS to meet specific CO2 emission standards, EIA modeled two levels of CCS removal: 30%, which 

meets the NSPS, and 90%, which exceeds the NSPS but may be seen as a bu lid option in some scenarios. The coal plant with 

30% CCS ls assumed to Incur a three-percentage-point Increase to its cost of capita! to represent the risk associated with 

higher emissions. 
5Costs are expressed in terms of net AC power avallable to the grid for the installed capacity. 
4As modeled, EIA assumes that hydroelectric generation has seasonal storage so that It can be dispatched within a season, 

but overall operation is limited by resources avallable by site and season. 

CCS=carbon capture and sequestration. CC=comblned-cycle (natural gas), PV=photovoltalc. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 

U.S. Energy Information Administration I Levelized Cost and Levelized Avoided Cost of New Generation Resources AE02019 23 
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_ Table B4a. Value-cost ratio {capacity~weighted) for new generation resources entering service 
in 2040 

Plant type 

Average capacity-weighted1 

LCOE with tax credits 
{2018 $/MWhJ 

Average capacity­
weighted1 LACE 

(2.0:1.8 $/MWh) Average value-cost ratio2 

Dispatchable technologies 

Coal with 30% CCS3 

Coal with 90% CCS3 

NB 

NB 

NB NB - --- -··------ ------·· ---- --- '------ --· ---- ---- -- . -
NB NB 

Conventional CC 50.7 44.5 0.88 ----------------------------------------------------------------------------------------------------------------------
Advanced CC 46.9 46.8 1.00 

. . -
Advanced CC with CCS NB NB NB 

. . . -

Advanced nuclear NB NB NB 
--------. ---------------··---------------- ------- -- ---------------------- -------------------------------------------- -- --- . ---- ----- ------ ---- --- . -- ------ -

Geothermal 34.3 65,8 1.93 -------------------------- -- --- ------ -- --------- -- -. -- -- ---------------------------------·------ ---------. -·------------- --------
Biomass NB NB NB 

Non-dispatchable technologies 

Wind, onshore ____________________________________________________ ------~~~~- ----------------------------~9._:_~------- _________________________ Q;~j _ 
___ Wind, offshore _____________________________________________________ _1:!_~~--------------------------- ____ !'!~----------------·-- _________________ NB __ 

Solar PV4 ____ 39.5 42.9 1.09 ----------------- -- -- . -- ------------ --· ---- ---------------- ------------------ ---- . ---- --- --- ---------- --------- ------------- ---------------
So la rthe rma l NB NB NB 

. ----·- --------------- ----------- ------------------------------------------- ---- ---- -- - ---------- ----- ---- --- --- -- ------- ----------- --
Hydroelectric5 56.3 57.6 1.02 
1The capacity-weighted average is the average Ievellzed cost per technology, weighted by the new capacity coming online in 

each region. The capacity additions for .each region are based on additions from 2038-2040. Technologies for which capacity 

additions are not expected do not have a capacity-weighted average and are marked as NB or not built. 

2The average value-cost ratio represents the economic value or the average of the ratio of LACE-to-LCOE calculation, where 

the ratio Is calculated for each of the 22, regions )Jased on the cost with tax credits for each technology, as available. 

· 3Because the New Source Performance Standard (NSPS) under Section 111(b) of the Clean Alr Act requires conventional coal 
plants to be built with CCS to meet specific CO2 emission standards, EIA modeled two levels of ccs removal: 30%, which 

meets the NSPS, and 90%, which exceeds the NSPS but may be seen as a build option In some scenarios. The coal plant with 

30% CCS Is assumed to Incur a three-percentage-point Increase to its cost of capital to represent the risk a,ssoclated with 

higher emissions. 
4Costs are expressed In terms of net AC power available to the grid for the installed capacity. 
5As modeled, EIA assumes that hydroelectrlc generation has seasonal storage so that it can be dispatched within a season, 

but overa!l operation is limited by resources available by site and season. 

CCS:c:carbon capture and sequestration. CC:c:comblned-cyde (natural gas). PV=photovoltaic. 
Source: U.S. Energy Information Administration, Annual Energy Outlook 2019 · 

U.S. Energy Information Administration l Leveiized Cost and Levelized Avoided Cost of New Generation Resources AEO2.019 24 
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Table B4b. Value-cost ratio (unweighted) for new generation resources entering service in 
2040 

Plant type 

Average 
unweighted LCOE 

with tax credits 
{2018 $/MWh] 

Average 
unweighted LACE 

{2018 $/MWh) 

Average 
value-cost 

ratio1 Mlnimum1 Maximum3 

Dlspatchable technologies 

Coal with 30% CCS3 106.5 48.0 0.45 0.42 0.52 -------------------------------- -- -------------------------------- --- ---- ----------- ---------------------
Coa I with 90% CCS3 _____ ______ 96.8 -----------··- _____ i~:Q. ________________ .Q:~Q ________________ _!?~!i _________________ Q:~Q __ 

__ Conventional cc __________________________________ 55,Q 48.3 0.88 0.81 ___ ____________ Q:~i __ 
Advanced cc 49.2 48.3 0.99 0.86 1,03 ----------------------------------------------------
Advanced cc with CCS 73.8 48.3 0.66 0.55 0.83 -------------------------·----------------------------------
Advanced nuclear 73.5 46.8 0.64 0.58 0.74 ------------'---------------------------------------------------------- ---------------
Geothermal 38,3 55.6 1.48 

0.57 

1.19 1.96 ----------------------------------------- ----· ----- -------------------- -- -- -------
Biomass 85.1 48.5 0,52 0,70 

Non-dispatchable technologies 

Wind, onshore ______ 51 .. 3 ______ 41:~ _______________ o_.8_4__ __o_.6_3 _ _,_ ____________ 1_.0_8 __ 

Wind, offshore________ 110.4 ------------------~?:i ________________ _q~j~--------------- 0.36 0.72 
Solar PV4 48.7 46,8 0.99 0.69 · 1.19 ---------------------- _____ ,.. _______________ _ 
Solar thermal 127,5 48.4 0.38 0.29 0.45 -------------------------------------------------------------------- --------------------------
Hydroelectrlc5 49.6, 51.1 1.04 0.89 1.21 

1The average value-cost ratio represents the economic value or the average ratio of LACE-to-LCOE calculation, where the 

ratio Is calculated for each of the 22 regions based on the cost with tax credits for each technology, as available. 
Zfhe range of unweighted value-cost ratio Is not based on the ratio between the minimum values sho.wn in Tables B2 and B3, 
but It represents the lower and·upper bound resulting from the ratio of LACE-to-LCOE calculatlons for each. of the 22 regions. 
3 Because the New Source Performance Standard {NSPS) under Section 111(b) of the Clean Air Act_ requires conventional coal 
plants to be built with ccs to meet specific CO2 emission standards, EIA modeled two levels of ccs removal:.30%, whlch 
meets the NSPS, and 90%, which exceeds the NSPS but may be seen as a build option In some scenarios. The coal plant with 

· 30% CCS ls assumed to Incur a three-percentage-point Increase to Its cost of capita I to represent the risk associated with 

higher emissions. · 
4Costs are expressed in terms of net AC power available to the grid for the Installed capacity, 
5As modeled,-EIA assumes that hydroelectric generation has seasonal storage so that It can be dispatched within a season, 

but overall operation is limited by resources available by site and season. · 
CCS=carbon capture and sequestration. CC=comblned-cyc!e (natural gas}. PV=photovolta!c. 

· Source: u.s. Energy Information Administration, Annual Energy outlook 2019 

U.S. Energy Information Administration Levellzed cost and Levelized Avoided Cost of New Generation Resources AEO2019 25 
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LAZARD LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION 12.0 

Introduction 
Lazard's Levelized Cost of Energy ('1LCOE") analysis addresses the following topics: 

. . 

• comparative LCOE analysis for various generation technologies on a $/MWh basis, including sensitivities, as relevant, for U.S. federal tax 
subsidies, fuel prices and costs of capital· · · 

• Illustration of how the LCOE of wind and utility-scale solar compare to the marginal cost of selected conventional generation technologies 

• Historical LCOE comparison of various utility-scale generation technolog_ies 

• Illustration of the historical LCOE declines for wind and utility-scale solar technologies 

• Illustration of how the LCOE of utility-scale solar compares to the LCOE of gas peaking and how the LCOE of wind compares to tti.e LCOE of gas 
combined cycle generation · · · ·· 

• Comparison of assumed capital costs on a $/kW basis for various generation technologies 

• Decomposition of the LCOE for various generation technologies by capital cost, fixed operations and maintenance expense, variable operations 
and maint~nance expense and fuel cost, as relevant 

• A methodological overview of La:z:ard's approach to our LCOE analysis 

• Considerations regarding the usage characteristics and applicability of various generation technologies 

• An illustrative comparison of the cost of carbon abatement of various Alternative Energy technologies relative to conventional generation 

• Summary assumptions for Lazard's LCOE analysis 

• summary of Lazard's approach to comparing the LCOE 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 ~ 
analysis. These additional factors, among others, could include: import tariffs; capacity value vs. energy value; stranded costs related to ~ 
distributed generation or otherwise; network upgrade, transmission, congestion or other integration-related costs; significant permitting or ;= Q 
other development costs, unless otherwise noted; and costs of complying with various environmental regulations (e.g., carbon emissions ~ [ ~ 
offsets or emissions control systems). This analysis also does not address potential social and environmental externalities, including, for ! [ ~ 
example, the social costs and rate consequences for those who cannot afford distributed generation solutions, as well as the long-term 6 EiJ ~ 
residual and societal consequences of various conventional generation technologies that are difficult to measure (e.g., nuclear waste ~ f ~ 

c;;> disposal, airborne pollutants, greenhouse gases, etc.) 
0 
c:;>LAZARD i Copyright2018 Lazard 

0). 

1 I 
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LAZARD LAZARO'S LEVELlZED COST OF ENERGY ANALYSlS-VERS,ION 12.0 

Levelized Cost of Energy Comparison-Unsubsidized Analysis 
Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances(1) 

LAZARD 
Copynght 2018 Lazard 

Solar Pv'-Rooftop Residential $267 

Solar Pv'-Rooftop c&l 

Solar Pv'~mmunity $73 

Solar Pv'-Crystalline utmty Scale <2l $40 I $46 
········-···--

Solar Pv'-Thin Film utmty Scale C2l $361 $44 
--··- •·· ..... ·-- ··_:c-_---_---_...======----_-_ _..._-_..._..._...--------------------------------; 

Solar Thermal Tower with Storage $98 $181 

Fuel Cell 

Geothermal $71- $111 
----· ·······- ---· ........ . 

Wind $29 - $56 ♦ $92(3) 

--------------------~---------------------------------------------1 

Source: 
Note: 

(1) 

(2) 
(3) 
(4) 
(5) 

(6) 

Gas Peaking $206 

Nudear.14> ♦. $2~15) 

Coat<6J $36(5) ♦ $60 
----~ ·--~·--·------------

Gas Combined Cycle $41 - $74 

$0 $50 $i0Q . $150 $200 $250 $300 

ILevelizedCost{$/MWh)I 
Lazaro esumates, . . . . _ . 
Hera and throughout this presentation, unless otherwise indicated, the analysis assumes 60% debt at 8% interest rate and 40%.:equ!ty at 12o/o•cosl Please see page titled "Levell;ced Cost of Energy C6mpar1son-Sensltlvlty to 
Cost of Cap!!.al" for cost of capital sensitivities. 
such observation does not take into account other factors that would also have a potentially significant effect on the results conlained herein, but have not been examined in the scope of this analysis. These addiUonal factors, 
among others, could include: import tariffs; capacity value vs. energy velue; stranded costs related to dlsbibuted generation or otherwise; network upgrade, transmission, congestion or other integraUon-related costs; significant 
pennitling or other development costs, unless otherwise noted; and costs of complying with various environmental regulations (e.g., carbon emissions offsets or emissions control syslems). This analysis also does not address 
potential social and environmental externalities, including, for example, the social costs and rate consequences for those who cannot afford distributlon generation solutions, as well as the long.tenn residual and societal 
consequences ofvanous conventional generation technologies that are difficult to measure {e.g., nuclear waste disposal, airborne pollutants, greenhouse gases, etc.). 
Unless otherwise indicated herein, the low end represents a s!ngle.-axis tracking system and the high end represents a 1ixed-tllt design. 
Represents the estimated implied midpoint of the LCOE of offshore wind, assuming a capital cost range of approXimately $2.2S -$3,80 perwatl 
Unless otherwise indicated, the analysis herein does not reflect decommissioning costs or the potential economic impacts offed era! loan guarantees or other subsidies. 
Represents the midpoint of the marginal cost of operating fUlly depreciated coal and nuclear facilities, Inclusive of decommissioning costs for nuclearfacintles. Analysis assumes that 1he salvage ve\ue for a decommissioned coal 
plant Is equivalent to the decommissioning and site restoration costs. Inputs are dertved from a benchmark of operating, fully depreciated coal and nuclear assets across 1he U.S. Capacity factors, fUel, vartable and fixed operating 
expenses are based on upper and lower quartUe estimates derived from Lazard's research. Please see page tltled 'Levellzed Cost of Eneriiy Comparlsan-AlternaUve Energy versus Marginal Cost of Selected EXisting 
Conventional Generation" for additional details. · 
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LAZARD LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION 12.0 

Levelized Cost ~f Energy Comparison-Sensitivity to U.S. Federal Tax SubsidiesC1) 

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 te~hnologies 
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LCOE of various generation technologies (e.g., a reduced federal corporate incory,e tax rate, an ability to elect Immediate bonus depreciation, limitations on the deductibllity of Interest 
expense and restrictions on the utilization of past net operating losses). On balance, the TCJA reduced the LCOE of conventional generation technologies and marginally increased the 
LCOE for Alternative Energy technologies. 
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LAZARD LAZA.RD'S LEVELIZED COST OF ENERGY ~NALYSIS-VERSION 12.0 

Levelized _Cost of Energy Comparison-Sensitivity to Fuel Prices 
Variations in fuel prices can materially affect the LCOE of conventional generation technologies, but direct comparisons against "competingn 
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) 
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LAZARD LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION i2.0 

Levelized Cost of Energy Comparison-Sensitivity to Cost of Capital 
A key consideration for utility-scare generation technologies is the impact of the availability and cost of capitaH1l on LCOE values; 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 
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LAZARD LAZARO'S LEVELIZED COST OF E_NERGY ANALYSJS-VERSION 12.0 

Levelized Cost of Energy Comparison_;,_Alternative Energy versus Marginal Cost of 
Selected Existing Conventional Generation 
Certain Alternative Energy generation technologies, which became cost-competitive with conventional generation technologies several years 
ago, are, in some scenarios, approaching an LCOE that is at or below the marginal cost of existing conventional generation technologies 
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decommissioned coal plant is equivalent to the decommissioning and site restoration costs. Inputs are derived from a benchmark of operating, fully depreciated coal and nuclear assets 
across the U.S. Capacity factors, fuel, variable and fixed operating expenses are based on upper and lower quartile estimates derived from Lazard's research. 
The subsidized analysis includes sensitivities related to the TCJA and U.S. federal tax subsidies. Please see page titled "Levelized Cost of Energy Comparison-Sensitivity to U.S. Federal 
Tax Subsidies' for additional details. 
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LAZARD LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION 12.0 

Levelized Cost of Energy Comparison-Historical Utility-Scale Generation 
Comparison 
Lazard's unsubsidized LCOE analysis indicates significant historical cost declines for utility-scale Alternative Energy generation technologies 
driven by, among other factors, decreasing supply chain costs, improving technologies and increased competition · · 
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LAZARD LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION i2.0 

Levelized Cost of Energy Comparison--Historical Alternative Energy LCOE 
Declines 
In light of material declines in the pricing of system components (e.g., panels, inverters, turbines, etc.) and improvements in efficiency, among 
other factors, wind and utility-scale solar PV have seen dramatic historical LCOE declines; however, over the past several years the rate of 
such LCOE declines have started to flatten 
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(2) Represents the average compounded annual rate of decline of the high end and low end of the. LCOE range. 
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LAZARD LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION 12.0 

Solar PV versus Peaking and Wind versus CCGT-Global MarketsC1) 

Solar PV and wind have become an increasingly attractive resource relative to conventional generation technologies with similar generation 
profiles; without storage~ however, these resources lack the dispatch characteristics of such conventional generation technologies 
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8% for Australia, Japan and Northern Europe, 14.5% for Brazil, 13¾ for lndia and 11.5% for South Africa. 
Low end assumes crystalline utility-scale solar with a single-axis tracker. High end assumes rooftop C&I solar. Solar projects assume illustrative capacity factors of 21 % - 28% for the U.S., 
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. 
Assumes natural gas prices of $3.45 for the U.S., $4.00 for Australia, $8.00 for Brazil, $7.00 for India, South Africa and Japan and $6.00 for Northern Europe (all in U.S.$ per MM Btu). 
Assumes a capacity factor of 10% for all geographies. 
Wind projects assume Illustrative capacity factors of 38% -55% for the U.S., 29% - 46% for Australia, 45% - 55% for Brazil, 25% - 35% for India, 31 % - 36% for South Africa, 22%.-30% 
for Japan and 33% - 38% for Northern Europe. 
Assumes natural gas prices of $3.45 for the U.S., $4.00 for Australia, $8,00 for Brazil, $7.00 for India, South Africa and Japan and $6.00 for Northern Europe (all in U.S. $ per MMBtu). 
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Assumes capacity factors of 43% - 80% on the high and low ends, respectively, for all geographies. 
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Capital Cost Comparison 
While capital costs for a number of Alternative Energy generation technologies are currently in excess of some conventional generation 
technologies, 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 LCOE values 
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Leve]ized Cost of Energy Components-Low End 
certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a key factor 
regarding the long-term competitiveness of Alternative Energy generation technologies is the ability of technological development and 
increased production volumes to materially lower operating expenses and capital costs for Alternative Energy generation technologies 
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Levelized Cost of Energy Components-High End 
certain Alternative Energy generation technologies are already cost-competitive with conventional generation technologies; a key. factor 
regarding the long-term competitiveness of Alternative Energy generation technologies is the ability of technological development and 
increased production volumes to materially lower operating expenses and capital costs for Alternative Energy generation technologies 

Cl!> I 
<;bl 
ct> 
CZ> 
(A 
u::) 

Solar PV-Rooftop Residential I 'mil $267 

I !'"' "' 
Solar P\/-Rooftop C&I I $170 $159 : ;!1i"1 

Solar PJ-Gomrnunity I $135 I , $145 
I _________ '1•, 

----,,-----------------------
Solar FV-Crystamne utifrty Scale 1- $46 

;;-------------------------------
So I a r PJ-Thin Film Utility Scale 1- $44 

:--------:----=========---------------~ 
Solar Thermal Tower with Storage 

Fuel Cell 

Geothennal 

Wind 

-------------------------
Gas Peaking 

Nuclear 

Coal 

Gas Combined Cycle 

1;.:_•••,1111•liil't,',~ i' 
J ~~~~~~~~~===~=====------·--------·--····----·------· 1 

s154 {ri:i~!ii $181 

$152 :i ~~~~~~~:::::_-----------~! ::= I 
ii ; 

-------· - ---------------------- ----------- ------- - ii $206 ' -----------~ 
11 

l 
•I ,, ,, 

f 
:I :~~=~~---- -- ii 

$0 $50 $100 $150 $200 $250 $300 $350 

I Leve lized Cost ($/MWh) I 
• Capital Cost " Fixed O&M ,., Var1able O&M ,1 Fuel Cost 

LAZARD Source: Lazard estimates. 
Copyright 201 B La~rd 

0 
~ 
(.) 
(.) 

> 
~ (.) 
~ ~ 

"1:j =- = 
~ :3 ~ 
~ g z 
.i,. ..+ p 
C;.l ,:.., .i,. 
0 t,,j Ul ,..., ::0 t-.) 
Ul J Ul 
0 t-.) C;.l 

12 I 
This study has been prepared by Lazard for A•neral info1111ational purposes only, and it is not intended to be, and should not be construed as, financial or 

------------ ,.,,--...o,,:c;r,·~,,,..-;; 1m, __ M/ __ .,...,.,~, .. =i,:..,--=•r?. ~'"""""''.l' .. ~·-,;n, .. qp ~0L1,r,=,=:· ... ,~~ .. "!'-'''"'~~==· ,,•...-==-:;-vtT"G"'T''" ,k•=· ~,:---,·x.'/1!..==-=-1-=·•.-,,,.,.,,...,!m"""""""'l"""/"·.. ="•"'" ., .. ,c.-----
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Levelized Cost of Energy Comparison-Methodology 
($ hi. millions, unless othCI:Wise noted) 

Lazard's LCOE 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) 
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Source: Lazard estimales. 
Note: Wind-High LCOE case presented for illustrative purposes only. 
* Denotes unit conversion. 
(1) Assumes half-year convention for discounting purposes. 

LAZARD 
(2) Assumes tun monellzatlon of tax benefits or losses immediately. 
(3) Reflects Initial cash outflow from equity investors. 
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(4) Reflects a "key' subset of all assumptions for methodology Illustration purposes only. Does not reflect all assumptions, 
(5) Economic life sets deb\ amortization schedule, for comparison purposes, all technologies calculate LCOE on a 20-year IRR basis. 
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Energy Resources-Matrix of Applic~tions 
While the L<;OE for Alternative Energy generation technologies is, in some cases, competitive with conventional generation technologies, 
direct comparisons must take into account issues such as rocation (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 
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(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. 
14 I (2) Qualification for RPS requirements varies by location. 

(3) For the purposes of this analysis, carbon neutral!ty also considers the emissions produced during plant construction and fuel extraction. 
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Cost of Carbon Abatement Comparison 
As policymakers consider ways to limit carbon emissions, Lazard's LCOE analysis provides insight into the implicit ''costs of carbon 
avoidance", as measured by the abatement value offered by Alternative Energy generation technologies. This analysis suggests that policies 

. designed to promote wind and utility-scale solar development could be a particularly cost-effective means of limiting carbon emissions; 
providing an implied value of carbon abatement of $26 - $34/Ton vs. Coal and $10 - $25/Ton vs. Gas Combined Cycle 

• These observati.ons do not take into account potential social and environmental externalities or reliability or grid-related 
consid~rations 
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LAZARD 
Source: /.ezard estimates. 
{1) Inputs for each of the various technologies are those associated with the low end LCOE. 
(2) All facifities lllustrat!vely sized to produce 4,888 GWh/yr. 
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Levelized Cost of Energy-Key Assumptions 

Solar PV 

utility Scale- utility•Scale-
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I I ' 

i 
I I ' I I 

l ' 
Capacity Factor % ' 19% - 13% 25% - 20% ! 25% - 20% 

i 
32% 21% 

l 
34% 23% I - -

! 
! i $/MMBtu ! l 

Fuel Price ! - - - I - ' - I I 
I ~ b 
! i ' b 

Construction Time Months 3 3 l 4 6 ! 9 
I n - 9 h ' ' 

i l ! ' ?>-
' ~(") ' ·, 

I 
! ' FacHity Life Years 25 ' 25 30 I 30 ' 30 !") ~ 
f ' 'i:i p' i:: 

CD ' 

! 
J I 

' ~ ~ "' 
1 

I 
J 

' [IQ ' ; C) ' rl I (', ;:, 
Q Levelized Cost of Energy $/MWh $160 $267 $81 $170 ·i $73 $145 : $40 $46 ' $36 $44 ""' ...... 0 ! - - - - ' - ;; fzj :i:. 
0 ,..., :z ~ 
a'\ (,11 ' (,11 0 N ul 

Ci!) 
Source: Lazard esffmates. 

LAZARD 
(1) Includes capitalized iinancing costs during construction for generation types with over 24 months construction time. 
(2) 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 16 LCOE for fixed-tilt design. Assumes 50 MVV system in high insolation jurisdiction (e.g., Southwest U.S.). 

Copyright 2018 La21ard 

'rhl~ ~ti irlv h:u:::: hAAn nrAMrAd hv I ;:i7~rd for <mnP.rn{ infnrrm:iticmal ourooses onlv. and it is not intended to be, and should not be construed as. financial or 

----------·--·•""·"""•=ft<rn'.,......,...,.;,-:,·--·"TT"",..,,..,,W""" .. 1=:r:;,-.,..rn·-- ,---·-- -;: 7, 7.,:.-~,m'll='"••W ·. 1,i,;-~•r;-;·~r;c~mer,r~=-........,.11,•,;·n:,,.,..,., - =·::~-,-,•..-r·•=""T~1ir,·,µr·r.•o:,.~/'":"r~~T!fr'u1,-i,,0 ·''" <,· V;"'10,("'7T"""7"'7'1·.,..,~"=·=r,c ··-"'"'"'~"'·? ,.- · "'·· ,~,.,,.,,.,,~,~-"'·=·- ✓, .,., __ ,,......,.,.~., 



LAZARD LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION 12.0 

Levelized Cost of Energy-Key Assumptions (cont'd) 

Solar Thermal 

Units Tower with storage Fuel Cell Geothermal Wind-Onshore Wind Offshore 

l ! I 

! 
I 

I 

110 
l l Net Facility output MN 135 - 2.4 I 20 - 50 150 210 - 385 
I ! l 

Total Capital Cost c1> $/kW $3,850 - $10,000 $3,300 $6,500 l $4,000 $6,400 
I 

$1,150 - - I - $1,550 $2,250 - $3,800 I 
I I 
I I 

Fixed O&M $/kW-yr l $75.00 - $80.00 - ! - $28.00 $36.50 $80.00 - $110.00 I i ! -
! j [ 

$!1\t1\Nh ~ $30.00 $44.00 ! $25.00 $35.00 ! Variable O&M - - - I - -

I 
I I 
I I 
I 

-, 
I 

Heat Rate Btu/kVllh - i 8,027 - 7,260 I -
! 

- -
I 
I 

l 

I 
Capacity Factor % I 43% - 52% / 95% i 90% - 85% i 55% - 38% 55% 45% : i I -: 

I ! I 
} 

. $/MN!Btu ! 3.45 
l I i Fuel Price - } - I - -! I b 
I 

I 
q 

Construction Time l\llonths ! 36 3 

l 
36 12 12 n 

( ln 
i> 

: I Sn I 
Facility Life Years I 35 t 20 ! 25 I 20 20 l ! 

,,., ~ 

i "ti i::r i:: 

f ! ~ ls ~ 
Q 

$/M./Vh I $98 $181 
I 

$103 $152 1 
I ~ i~ z 

·CZ, Levelized Cost of Energy - I - $71 - $111 I $29 - $56 $62 $121 .t::i,._lr-t- o 
.... 

c:> s, ~ ~ 
CZ) 

tJl I tJl 
o N c.,, 

Cf'\ 
~ 

LAZARD Source: Lazard estimates. 
17 (1) Includes capitalized financing costs during construction for generation types witti over 24 months con_structlon time. 
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LAZARD LAZARO'S LEVELIZED COST OF ENERGY ANALYSIS-VERSION 12.0 

Levelized Cost of Energy-Key Assumptions (cont'd) 

Units Gas Peaking Nuclear Coal Gas Combined Cycle 

Net Facility Output MW i 241 - 50 2,200 600 550 l 

Total Capital Cost (1) $/kW 
l 

$700 $950 $6,500 $12,250 $3,000 $8,400 $700 t - - - - $1,300 I 
t 
l 

' ' 
Fixed Q&M $/kW-yr 

I $5.00 - $20.00 $115.00 $135.00 ' $40.00 $80.00 ' - - $6.00 - $5.50 
' l 
' ' ' 

Variable O&M $/MWh 
; $4.70 - $10.00 $0.75 - $0.75 $2.00 - . $5.00 I $3.50 $2.00 I I -• ) 
) 

l 
l 

Btu/kWh 
) 

9,804 8,000 10,450 10,450 i 
J-leatRate i - - 8,750 - 12,000 i 6,133 - 6,900 

' ' ' ; 
' 

¾ 
i 

10% 90¾ 93% Capacity Factor ' j 80% 
. ~ 
~ 

Fuel Price $/MMBtu ) $3.45 - $3.45 l $0.85 - $0.85 i $1.45 $1.45 j 
$3.45 $3.45 ! I : - l -

) I ; 
: ' lo i i 
t l 

Construction Time Months i · 12 - 18 69 - 69 l 60 - 66 I 24 - 24 \q 
! 1 1 (i 

' ' I !n i ! 
l t l ► 

Facility Life Years i 20 40 
: 

40 ' ..... i ' 20 ..... (i 
' ! ~ ~ ~ 

a:> l j : ; 
) ' l >-di i:r 1;; 

Q ' I i ' i::oJ !3 <1' l I 1 

O Levelized Cost of Energy $/MWh ~ $152 - $206 
I $112 - $189 I 

$60 $143 { $41 $74 ~ig z ! i - - ...... 0 

cb I.O trj :i,.. 

"' 
s, ~ ~ 
{/l I {/l 

(XI .. 
0 I:-) t;l 

LAZARD Source: Lazard estimates. 18 (1) Includes capitalized financing costs during construction for generation types with over 24 months construction time. 
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LAZARD LAZARO'S LEVELJZED COST OF ENERGY ANALYSIS-VERSION 12.0 

Jummnry Con5idcrationt5 
Lazard has conducted this analysis comparing the LCOE 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 environmental and social consequences of various conventional generation technologies, RPS requirements, carbon regulations, 
continually improving economics as ·underlying technologies improve and production volumes increase and government subsidies in certain 
regions. 

In this analysis, Lazard's approach was to determine the LCOE, on a $/MWh basis, that would provide an after-tax !RR 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 LCOE. 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 analysis (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 a 
contained herein, but have not been examined in the scope of this current analysis. These additional factors, among others, could include: 8 
import tariffs; capacity value vs. energy value; stranded costs related to distributed generation or otherwise; network upgrade, transmission, ~ ('j 

congestion or other integration-related costs; significant permitting or other development costs, unless otherwise noted; and costs of '"ti & ; 
g complying with various environmental regulations (e.g., carbon emissions offsets or emissions control systems). This analysis also does n&i ~ i 
o address potential social and environmental externalities, including, for example, the social costs and rate consequences for those who can@t~ : 
c:> afford distribution generation· solutions, as weII as the long-term residual and societal consequences of various conventional generation ;;; ~ ~ 
g1: technologies that are difficult to measure (e.g., nuclear waste disposal, airborne pollutants, greenhouse gases, etc.). 0 

N t;, 
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AFFIRMATION 

I affirm, under the penalties for perjury, that the foregoing representations are true. 
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October 30, 2019 
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