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NOTICE

This report was prepared for ERCOT, in accordance with The Brattle Group’s engagement terms,
and is intended to be read and used as a whole and not in parts. It was prepared by Samuel
Newell, Andrew W. Thompson, and Rohan Janakiraman (the “Authors”) for ERCOT for the
purpose of analyzing of the 2026 Cost of New Entry for a reference resource and alternative
resource entering the ERCOT market. It is the work of the Authors and does not necessarily
reflect the views of The Brattle Group’s clients or other consultants. It was prepared with the
standard of care normally exercised by professional consulting firms performing comparable
services under similar conditions, judged as of the time the services are rendered. Any recipient
of this report must appreciate and understand that neither the Authors nor The Brattle Group
make any guarantees or warranties, express or implied, regarding any particular outcome,
estimations, or projections of current or future events, behaviors, costs, prices, or other market
conditions. We do not make, nor intend to make, nor should you infer, any representation with
respect to the magnitude or likelihood of any outcome, and cannot, and do not, accept liability
for losses suffered, whether direct or consequential, arising out of any reliance on our analysis,
this report, the underlying Model, the results, or any modifications thereof. Further, while our
work often assists clients in rendering informed decisions, it is not meant to be a substitute for
the exercise of your own analyses and business judgment, or to be for the benefit of third parties
with whom we have no direct relationship, nor should it be considered in any way to be
investment advice.
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Executive Summary

The Electric Reliability Council of Texas, Inc. (ERCOT) retained consultants at The Brattle Group
(Brattle) and Sargent & Lundy (S&L) to develop an updated estimate of the Cost of New Entry
(CONE) for use in setting the Peaker Net Margin (PNM) threshold, evaluating the cost of proposed
reliability standards, analyzing the Market Equilibrium Reserve Margin (MERM) and Economically
Optimal Reserve Margin (EORM), and potentially setting demand curves for a Performance Credit
Mechanism (PCM). ERCOT requested a “Leaner Study Option” with scope for one dispatchable
thermal reference resource and one alternative technology, a simplified calculation of the after-
tax weighted-average cost of capital (ATWACC), and limited scope for analytical iteration based
on stakeholder feedback. This report presents our resulting estimates of CONE for a June 2026
Commercial Operations Date (COD), a discussion of uncertainties, and a recommended method
for updating the CONE values annually. An accompanying Excel workbook contains our
calculations to enable ERCOT and stakeholders to conduct sensitivity analyses and the annual
CONE updates.

APPROACH

CONE represents the expected levelized first-year net revenues a representative resource would
need to earn for a merchant developer to be willing to build in the ERCOT market. The calculation
does not account for subsidies offered temporarily by the Texas Energy Fund (TEF), in order to
fully express how high prices would need to be to support unsubsidized merchant entry beyond
the TEF.

CONE is estimated in three steps by: (1) identifying an appropriate reference resource and
alternative reference resource that can economically enter the ERCOT market; (2) conducting a
detailed bottom-up analysis of each one’s capital costs and ongoing fixed operation and
maintenance (FOM) costs; then (3) for each, calculating a first-year revenue estimate needed for
entry, given likely trajectories of future total revenues over the economic life of the plant,
discounted at an appropriate ATWACC.

REFERENCE AND ALTERNATIVE RESOURCES

As agreed with ERCOT and presented to ERCOT stakeholders at Supply Analysis Working Group
(SAWG) meetings in spring 2024, CONE should be calculated for a reference resource that is
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dispatchable, economically viable, and likely to be developed in ERCOT in the next few years. To
identify such a resource type and its characteristics, we relied on market evidence rather than
speculating about which kinds of plants should be built. Our review of actual merchant plants
built recently and under construction pointed clearly to an LM6000PC aeroderivative natural gas-
fired combustion turbine (Aero CT) plant. This is the predominant thermal technology type being
built in ERCOT, accounting for 98% of capacity for recent/ongoing merchant entry of thermal
dispatchable resources (although some other technologies are in an earlier or more tentative
development phase that did not meet study criteria for inclusion). Corresponding to the typical
plant configurations, the reference plant is assumed to have six LM6000PC units with a total
capacity of 291 MW under International Standards Organization (ISO) conditions and other
specifications described herein.

ERCOT also requested a CONE estimate for an alternative resource that is prevalent even if not
an always-dispatchable fuel-based resource. A photovoltaic (PV) plus battery energy stationary
storage (BESS) hybrid plant (PV+BESS) was selected because it is prevalent in the ERCOT Region,
and it is both dispatchable and produces primary energy. To represent the population of plants
being built, the alternative reference plant is assumed to have 200 MW PV and 100 MW BESS
with 2-hour duration.

BOTTOM-UP COST ANALYSIS AND CONE CALCULATION

For the Aero CT and the PV+BESS plants, we conducted comprehensive, bottom-up analyses of
capital costs, consisting of: engineering, procurement, and construction (EPC) costs, including
equipment, materials, labor, and EPC contracting; and non-EPC owner’s costs, including project
development, financing fees, gas and electric interconnection costs, and inventories. Also
included are the annual FOM costs. Variable operation & maintenance (VOM) costs are not part
of the CONE but are provided for informational purposes.*

For a COD date of June 1, 2026, the overnight capital and FOM costs are derived by assessing all
of the constituent costs today (as of April 2024), then escalating cost components to the midpoint
of the construction period, as if they occurred “overnight” then. A capital drawdown schedule
distributes those costs among the many months required to construct the plant, with the same
nominal sum. Those monthly expenditures are then translated, at the cost of capital for the
project, into a present value as of the commercial online date, yielding the “installed cost.”.
Finally, the installed cost and the present value of FOM costs are used to calculate CONE as the

1 See Section Ill for more details on the FOM and VOM costs for both the Aero CT and PV+BESS.
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revenue net of variable costs the project would have to earn in its first year to have zero net
present value (NPV), assuming a 20-year economic life with constant net revenues in nominal
terms. Net revenues and costs are discounted at an ATWACC of 10.35% for a merchant
generation investment. This value is approximated from a recent estimate of ATWACC for
merchant generation in PJM adjusted for an ERCOT-specific corporate income tax and accounting
for the increase in the risk-free rate using 20-year treasury bond yields.?

Table ES-1 below shows the resulting CONE estimates for the Aero CT and PV+BESS plants. The
cost of the Aero CT plant is comparable to the Energy Information Administration’s (EIA’s) latest
estimates for 2024.2 The CONE of the Aero CT is much higher than in the PJM 2022 study
(5110/kW-yr higher than the combined-cycle estimate and $146/kW-yr higher than the frame
combustion turbine) primarily because aeroderivative plants cost more per kW and because the
ATWACC in this study is 150 basis points (bps) higher.* The PV+BESS is presented in terms of
levelized cost per kW of PV capacity, rather than BESS capacity or some combination. The
PV+BESS appears to have a lower CONE than the Aero CT, but it serves a different purpose in the
market.

2 Some stakeholders argued that there could be higher, non-diversifiable risk in ERCOT compared to PJM due to

the market regulatory environment that could warrant a 100-bps risk premium adder, which would result in an
ATWACC of 11.35%. We do not adopt this as our base case but do show the implications for CONE as another
sensitivity.

EIA, “Capital Cost and Performance Characteristics for Utility-Scale Electric Power Generating Technologies,
prepared by Sargent & Lundy,” January 2024.

4 When comparing against the PJM “Rest of RTO” values. See Newell, et al., “PJM CONE 2026/2027 Report,” April
21, 2022.
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TABLE ES-1: ESTIMATED CONE FOR REFERENCE AND ALTERNATIVE TECHNOLOGY

Aero CT
[1] Capacity at ISO conditions MW 291
[2] Overnight Cost Nominal S million $513
[3] Overnight Cost Nominal S/kW =[2]x 1000/ [1] $1,764
[4] Capital Charge Rate % 14.0%
[5] Levelized Capital Cost Nominal S/kW-yr  =[3]x[4] S246
(6] Levelized FOM Nominal S/kW-yr $47
[7] Levelized CONE Nominal S/kW-yr =[5]+[7] $293

PV + BESS
[1] Plant Capacity mMw 200
[2] Overnight Cost Nominal S million $349
[3] Overnight Cost Nominal S/kW =[2] x 1000/ [1] $1,743
[4] Capital Charge Rate % 12.1%
[5] Levelized Capital Cost Nominal S/kW-yr  =[3]x[4] $210
[6] Levelized FOM Nominal S/kW-yr $49
[71 Levelized Augmentation Nominal S/kW-yr S3
[8] Levelized CONE Nominal S/kW-yr $263

INTERPRETATION AND APPLICATION OF CONE

Policymakers should recognize the uncertainty in estimating CONE and understand the
implications of under- and over-estimates. The greatest uncertainty drivers for the thermal
reference resource are the choice of reference technology. The 6x0 LM6000PC reference
resource’s CONE is nearly twice as high as a 1x0 frame combustion turbine (Frame CT) would be,
based on relative estimates from the EIA. The Frame CT was not selected as the reference
resource for this study because developers are not building Frame CTs in the ERCOT Region.
Developers evidently prefer the costlier aeroderivative plants, and some reported that they value
the relative flexibility and lower “shaft risk” that aeroderivative turbines provide whereby
multiple smaller units diversify exposure to inopportune unavailability in a market that sharply
punishes outages during system shortages.

The aeroderivative plants being developed in the ERCOT Region also enjoy cost advantages since
they are being built with refurbished LM6000PC turbines, although the magnitude of savings is
not publicly available. Recognizing that and the likelihood that the supply of refurbished turbines
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is limited, this study assumes a new unit of the same type. We acknowledge that this could
overstate entry costs relative to those of current entrants and other options that competitive
developers might pursue absent refurbished turbines, such as the new larger LM6000PF turbines,
frame turbines, virtual power plants, or other technologies. Our adherence to the “revealed
preference” approach avoids speculating on what other technologies might be built under
different market circumstances, or trying to account for disadvantageous characteristics of a
given technology that may be deterring developers from building it.

Smaller uncertainty drivers, including the ATWACC, the economic life and levelization approach,
and future input costs, are discussed herein, as are uncertainties about the CONE value for the
PV + BESS alternative reference resource. To help stakeholders assess the sensitivity of CONE to
these and other assumptions, our CONE calculation model and underlying data will be posted
alongside this report.

Under- or over-forecasts of CONE will affect outcomes wherever CONE is applied. For the Peaker
Net Margin, a higher CONE increases the “3xCONE” PNM threshold where offer caps are lowered,
which could increase costs for consumers.® For the Reliability Standard cost impact estimation, a
higher CONE increases estimated system costs; higher CONE decreases estimated MERM and
EORM benchmarks. For potential PCM purposes, a higher CONE could raise Net CONE, which
couldincrease the demand curve and boost reliability but increase costs. For all of these purposes,
CONE accuracy matters, but so too does the estimation of net energy and ancillary services
(E&AS) revenues incorporated into these studies.

ANNUAL CONE UPDATES

This report provides indexing approaches to enable ERCOT staff to update CONE estimates
annually until it conducts the next full CONE study. For updates to capital, FOM, and VOM costs,
we recommend that ERCOT update the LM6000 reference technology CONE value each year
based on a composite of the U.S. Department of Commerce’s Bureau of Labor Statistics indices
for labor, turbines, and materials. For updates to the ATWACC, we recommend ERCOT adjust the
ATWACC by the difference between the prevailing 15-day average of 20-year U.S. treasury bills
as of the updated estimate date and the previous estimated date. This adjustment is consistent
with the concept that ATWACC is the sum of the risk-free rate and the industry’s market risk
premium, and it captures changes in the risk-free rate. It would not account for possible changes
in industry risk premium, which would be harder to capture in a simple index formula.

5 See 16 Tex. Admin. Code § 25.509(b)(6)(C) (requiring the PNM threshold to be three times CONE); see also,
ERCOT Nodal Protocol § 4.4.11(1) (setting the value for the PNM threshold).
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|. Introduction

A. Study Objective

Electric Reliability Council of Texas, Inc. (ERCOT) retained consultants at The Brattle Group
(Brattle) and Sargent & Lundy (S&L) to develop an updated estimate of the Cost of New Entry
(CONE) for use in setting the Peaker Net Margin (PNM) threshold, evaluating a proposed
reliability standard, studying the Market Equilibrium Reserve Margin (MERM) and the
Economically Optimal Reserve Margin (EORM), and determining a demand curve for a potential
future Performance Credit Mechanism (PCM).

CONE represents the expected levelized first-year net revenues a representative resource would
need to earn for a merchant developer to be willing to build in the ERCOT market. The concept
does not account for temporary and limited subsidies, such as those offered by the Texas Energy
Fund (TEF), so that CONE expresses how high prices would need to be to support unsubsidized
merchant beyond such limited subsidies as needed for resource adequacy, particularly in ERCOT’s
high-growth environment.

To that end, this report:

e Recommends a reference resource whose levelized cost will best indicate the price at which
developers would be willing to add capacity, as well as an alternative resource for use in
sensitivity analyses. The reference resource should represent a technology, configuration,
location of plant that is actually being built.

e Develops bottom-up cost estimates of the reference resources for a June 2026 Commercial
Operations Date (COD). Costs should represent those of a competitive developer of new
merchant generation facilities at generic sites, not unique sites with unusual characteristics.

e Calculates CONE as the reference resources’ first-year revenue estimate needed for entry,
given likely trajectories of future total revenues over the economic life of the plant,
discounted at an appropriate after-tax weighted-average cost of capital (ATWACC).

e Recommends an approach for annual updates to the CONE value if desired.

I. Introduction
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This report explains the relevant research and empirical analysis used to inform our
recommendations, while recognizing where judgments must be made in specifying the reference
resource characteristics and translating its estimated costs into levelized revenue requirements.
In such cases, we discuss trade-offs and provide our own recommendations for best meeting
ERCOT’s objectives to inform policy decisions. Therefore, our recommendations include not only
our best estimate of CONE, but also a view on the range of uncertainty inherent in this estimation.

B. Analytical Approach

Our starting point was to identify the most appropriate technology to serve as the reference
resource for CONE as well as an alternative as a sensitivity of the CONE estimate. Section Il
explains the criteria used for selecting the reference and alternative resources and how those
criteria were then applied to the analysis of the empirical data. We relied on the “revealed
preferences” of actual developers of projects that have been built recently or are under
construction in ERCOT with a COD between 2021 and 2026.

This resulted in a clear choice of an Aero CT comprised of a multi-unit aeroderivative natural gas-
fired plant, since over 98% of all capacity in the ERCOT Region is from GE LM6000 aeroderivative
combustion turbines in that timeframe. For the alternative resource, the analysis narrowed the
choices to either a photovoltaic plus battery energy stationary storage (PV+BESS) hybrid or a
standalone BESS. Ultimately, the PV+BESS was chosen as the alternative reference resource since
it is both dispatchable and produces primary energy, and the majority of renewable generation
or standalone storage capacity in that timeframe was from solar hybrid plants.

For the two identified resources, we estimated the CONE starting with a characterization of plant
size and configuration, detailed specifications, and locations where developers are most likely to
build. The specific plant and site characteristics are based on: (1) analysis of the recently built or
plants under construction in the ERCOT Region (COD 2021-2026); (2) analysis of plant designs,
technologies, regulations, and infrastructure in the ERCOT Region; and (3) our experience from
previous CONE analyses, which is outlined in Section Il of this report.

We developed comprehensive, bottom-up cost estimates for constructing and maintaining the
reference Aero CT resource and alternative PV+BESS resource. S&L estimated plant capital
costs—equipment, materials, labor, and the engineering, procurement, and construction (EPC)
contracting costs—based on a complete plant design and S&L’s proprietary database on actual
projects. S&L and Brattle then estimated the owner’s capital costs, including owner-furnished
equipment, gas and electric interconnection, development and startup costs, land, inventories,

I. Introduction
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and financing fees using S&L’s proprietary data and additional analysis of each component. The
bottom-up cost estimates also include annual fixed and variable operation and maintenance
(O&M) costs (labor, materials, property tax, insurance, asset management costs, and working
capital).

These costs were estimated using current market prices for the materials, equipment, and labor
inputs as of April 2024. The next step is to escalate those costs to the midpoint of the construction
period for achieving a COD of June 2026. The resulting cost is spread in nominal terms according
to a monthly capital drawdown schedule for each technology type. The present value of these
costs (at the full ATWACC) as of June 2026 yields the “installed costs,” which account for the time
value of money spent on the project during construction and the project’s risk.

Finally, the CONE is calculated as the net revenue the resource owner would have to earn in its
first year to enter the market to be “net present value (NPV) zero” and cover the installed cost
and the present value of fixed operation and maintenance (FOM) costs. This calculation assumes
a 20-year economic life and that net revenues on average remain constant in nominal terms over
that timeframe.

The Brattle and S&L authors collaborated on this study and report. The specification of plant
characteristics was jointly developed by both teams, with S&L taking primary responsibility for
developing the plant capital, O& M and major maintenance costs, and Brattle taking responsibility
for various owner’s and fixed O&M costs, and for translating the cost estimates into the CONE

values.

C. Background on the Use of CONE

The ERCOT market supports investment for resource adequacy through energy and ancillary
services prices that can rise very high when supplies become tight. Pricing is determined by
market clearing of resource offers that are allowed up to a high System-wide Offer Cap (SWCAP)
subject to market power rules, plus an administratively determined Operating Reserve Demand
Curve (ORDC) and other adders that can add much greater resource adequacy signals when
reliability is threatened. Currently the SWCAP is determined as being either the $5,000/MWh
High Cap (HCAP) or the $2,000/MWh Low Cap (LCAP), where the $315,000/MW-year Peaker Net

I. Introduction
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Margin (PNM) threshold triggers the LCAP.® The PNM threshold is ultimately a regulated safety
valve to prevent extreme one-year results and is set at three times CONE.

Additionally, CONE is used as an input for estimating the Market Equilibrium Reserve Margin
(MERM) and the Economically Optimal Reserve Margin (EORM). The MERM describes the reserve
margin that the market can be expected to support in equilibrium, as investment in new supply
resources responds to expected market conditions. This approach creates changes in supply in
response to changes in energy market prices toward a market equilibrium; low reserve margins
cause high energy and ancillary service (E&AS) prices and attract investment in new resources
that will continue until high reserve margins result in prices too low to support further
investment. The EORM is a benchmark sometimes used to establish the sufficiency of the
expected MERM, where the marginal benefits of new supply are just equal to the marginal costs
of new supply. More recently, ERCOT has proposed resource adequacy reliability standards, and
the cost of meeting it can be evaluated through market simulations that include estimates of
CONE.

The CONE value ERCOT uses has not been updated since 2012 from the $105,000/MW-year value
we previously approximated based on estimates produced for PJM and an ATWACC requested
by ERCOT. Stakeholders and the Commission have recently requested ERCOT for an updated
CONE value provided herein.’

6  The LCAP is formally defined as being “set on a daily basis at the higher of: (i) 52,000 per MWh for energy and
52,000 per MW per hour for Ancillary Services; or (ii) Fifty times the effective daily FIP [Fuel Index Price],
expressed in dollars per MWh for energy and dollars per MW per hour for Ancillary Services.” See ERCOT,
“Current Nodal Protocols,” Section 4.4.11 System-Wide Offer Caps, May 1, 2024.

7 Newell, et al., “ERCOT Investment Incentives and Resource Adequacy,” June 1, 2012.

. Introduction
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ll. Reference and Alternative Resource
Selection

A. Summary of Technical Specifications

To estimate CONE, we identified a thermal dispatchable plant that is most likely to be developed
in ERCOT in the next few years. The aim is to describe a representative plant including technology
type, turbine model, plant size, configuration, and location of new merchant generation facilities.
The technical specifications were determined using the “revealed preference” of market
developers by reviewing plants recently built and under development in the ERCOT Region. From
this analysis a 6x0 aeroderivative LM6000PC (Aero CT) plant with 291 MW (at ISO conditions) in
Harris County results as our reference resource as shown in Table 1.

We determined the representative technology type, turbine model, plant configuration, and
location by reviewing plants recently built or under construction in the ERCOT Region with CODs
between 2021 and 2026. Ninety-eight percent of all thermal dispatchable capacity in ERCOT in
this timeframe is from GE LM6000 aeroderivative combustion turbines, making it the clear
technology choice based on the data sources and filtering criteria we describe in the following
section. While the LM6000 is the dominant technology among thermal projects recently built or
under construction, there are other technologies in earlier or more tentative stages of
development.? Further, it is possible that the Texas Energy Fund (TEF), which is expected to begin
publishing awards later in 2024, will affect the choice of technologies built, but in any case, as
noted above, this study aims to estimate the cost of unsubsidized merchant entry.

Most of the recently built and under construction thermal dispatchable capacity has been built
by WattBridge using a standardized turnkey natural gas-fired plant design (PROENERGY
LM6000PC with SPRINT) that informed the technical characteristics of the Aero CT. The county
with the most planned natural gas capacity served as the location for our reference plant.

For example, NRG’s THW GT Electric Generating Station development project that is a frame CT plan in the
permitting phase but described as being contingent on “legislative conditions and long-term regulatory
certainty” or the Cedar Bayou frame CT plant that is expected to come online in 2027. See NRG, “Powering
Texas,” accessed June 3, 2024.

Il. Reference and Alternative Resource Selection
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The WattBridge projects do have a characteristic that complicates this study: they are
constructed from refurbished LM6000PC (“PC”) turbines. The cost savings of refurbished relative
to new turbines is not publicly available, nor would it be appropriate to include such savings for
the reference resource that is intended to capture an economic capacity resource without
idiosyncratic advantages that cannot be replicated at scale, since opportunities for using
refurbished turbines are limited. Therefore, we estimate costs for a new LM6000PC turbine gas-
fired plant, while acknowledging that current entrants likely have cost advantages by an unknown
amount. We further acknowledge that once refurbishment opportunities are exhausted, we do
not know whether developers would opt to build new PCs, newer LM6000PF (“PF”) turbines, or
other technologies. It is notable that PF turbines have greater economies of scale, with 13% more
capacity per unit, at only a slightly greater cost per unit (and implications for the balance of plant
cost). Frame type CTs are substantially cheaper per kW but have different operating
characteristics and risks versus aeroderivative turbines. Overall, while our approach estimates
reasonable costs based on what is built and under construction in the market today, it is possible
that competitive developers in the future will find lower cost ways to add capacity than the
reference plant identified here.

Il. Reference and Alternative Resource Selection
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TABLE 1: TECHNICAL SPECIFICATIONS FOR AERO CT

Technology and Size

Generation Technology Aeroderivative Combustion Turbine (Aero CT)
Turbine Model GE LM6000PC

Configuration 6x0

Net Capacity (MW)

Summer / 1SO / Winter 244.2 / 291.0/ 300.8

Detailed Design

Fuel Type Natural gas, no secondary fuel
Combustion Controls Selective Catalytic Reduction (SCR)
Power Augmentation Spray Intercooling (SPRINT)

Other Project Details

Location Harris County

Firm Gas Contract Yes

Notes and Sources: Confidential data provided by ERCOT staff; Hitachi ABB Velocity Suite, Generating Unit Capacity
Dataset, January 22, 2024; Hitachi ABB Velocity Suite, Generating Unit Capacity Dataset, January 22, 2024. ERCOT,
“Report on the Capacity, Demand, and Reserves in the ERCOT region (2024-2033),” December 8, 2023. Texas
Commission on Environmental Quality, “Issued Air Permits for Gas Turbines 20 MW or Greater,” July 1, 2023.

In determining the alternative resource, ERCOT’s objective was to describe a dispatchable
renewable plant that is most likely to be developed in the ERCOT Region in the next few years as
a basis for sensitivity analyses in applications of CONE. We determined the alternative technology
type, turbine model, plant configuration, and location by reviewing plants recently built or
planned with a signed interconnection agreement in the ERCOT Region with CODs between 2021
and 2026. This review pointed to a solar photovoltaic + battery energy stationary storage
(PV+BESS) hybrid with a 200 MW PV plant paired with a 100 MW, 2-hr BESS. Other representative
characteristics are shown in Table 2. The representative storage augmentation frequency was
based on a review of similar sized solar hybrid plants and S&L expertise. Brazoria County was the
county with the most capacity and was the representative location.
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TABLE 2: TECHNICAL SPECIFICATIONS FOR PV + BESS

Technology and Size

Configuration Solar PV + Battery Energy Storage System Hybrid (PV+BESS)

PV Capacity (MW) 200

BESS Storage Capacity (MW) 100

Storage Duration (Hours) 2

Detailed Design

PV Module Technology Monocrystalline Bi-facial Passivation Emitter Rear Contact (PERC)
PV Tracking System Single-axis tracker

BESS Technology Lithium-ion

AC or DC Coupled AC Coupled

DC / AC Ratio 1.3

Other Project Details

Location Brazoria County

Design Life (years) 20

Notes and Sources: ERCOT, “Battery Energy Storage Summary Based on January 2024 Generator Interconnection
Status (GIS) Report,” February 12, 2024; confidential data provided by ERCOT staff.

It is important to note that specifying these reference characteristics is useful for developing a
representative cost of such a plant, but that doing so in no way asserts that such a plant should
be built or that other types of plants in other locations should not. Nor does the result of our
“revealed preference” approach always show the lowest-cost source of capacity under all
conditions. For example, if refurbished turbines become unavailable in the future, developers
could switch to other technologies. Those could include, for example, other natural gas-fired
combustion turbine technologies, natural gas-fired turbines that can co-fire with hydrogen,
“virtual power plants,” hybrid PV+BESS plants, or some combination thereof.?

B. Process for Selecting Aero CT Reference Resource

We constructed our “Primary Thermal Dataset” of recently built and under construction thermal
dispatchable generation with an actual or planned COD between 2021 to 2026 by cross-

9 See, for example, Ryan Hledik and Kate Peters, “Real Reliability—the Value of Virtual Power,” The Brattle

Group, May 2023.
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referencing confidential data provided by ERCOT and WattBridge with public sources, including
Hitachi ABB Velocity Suite (which is primarily based on ERCOT’s Generator Interconnection Status
report in addition to other sources), ERCOT’s 2024 CDR Report, and the Texas Commission on
Environmental Quality (TCEQ).'° Small co-generation or internal combustion (ICE) generation
plants were excluded from our sample as these tend to be small or designed for on-site
generation and would not be representative of a grid capacity resource. This filtering criteria
resulted in fourteen natural gas-fired plants with 5.1 GW of nameplate capacity as shown in Table
3.

TABLE 3: THERMAL DISPATCHABLE GENERATION IN ERCOT (COD 2021 - 2026)

Number of N late C it
Plant Name Notes Technology Turbine Type County Online Date umber ot Namepate Lapacity

Units (Mw)
Existing
Topaz [1] Combustion Turbine GE LM6000 Galveston 10/31/21 10 605
HO Clarke Generating [2] Combustion Turbine GE LM6000 Harris 11/11/21 8 484
Victoria Port Power I [3] Combustion Turbine GE LM6000 Victoria 01/12/22 2 100
Rabbs (Braes Bayou) [4] Combustion Turbine GE LM6000 Fort Bend 05/02/22 8 484
Chamon Power [S] Combustion Turbine GE LM6000 Harris 06/20/22 2 100
Beachwood (Mark One) [6] Combustion Turbine GE LM6000 Brazoria 11/30/22 6 363
Colorado Bend [71 Combustion Turbine GE Frame 6B Wharton 05/31/23 2 78
Brotman [8] Combustion Turbine GE LM6000 Brazoria 10/23/23 8 484
Planned

Remy Jade [91 Combustion Turbine GE LM6000 Harris 04/01/24 6 363
Beachwood Il (Mark One) [10] Combustion Turbine GE LM6000 Brazoria 06/01/24 2 121
Remy Jade Il [11] Combustion Turbine GE LM6000 Harris 11/30/24 4 242
Sibyl [12] Combustion Turbine GE LM6000 Fort Bend 07/01/25 6 300
Elmax [13] Combustion Turbine GE LM6000 Harris 06/01/26 10 605
LonglLeaf [14] Combustion Turbine GE LM6000 Angelina 2026 12 726

[15] = SUM ([1] to [14]) if LM6000 Total LM6000 Nameplate Capacity (MW) 4,977

[16] = SUM ([1] to [14]) Total Dispatchable Generation Capacity (MW) 5,055

[17] = [15] / [16] LM6000 Share of Total Nameplate Capacity (%) 98%

Notes and Sources: Confidential data provided by ERCOT staff; Hitachi ABB Velocity Suite, Generating Unit Capacity
Dataset, January 22, 2024; Hitachi ABB Velocity Suite, Generating Unit Capacity Dataset, January 22, 2024. ERCOT,
“Report on the Capacity, Demand, and Reserves in the ERCOT region (2024—2033),” December 8, 2023. Texas
Commission on Environmental Quality, “Issued Air Permits for Gas Turbines 20 MW or Greater,” July 1, 2023.

From this analysis it was clear the technology type and turbine model should be based on a GE
LM6000 aeroderivative natural gas-fired plant, given that 98% of the capacity in the Primary
Thermal Dataset was from this resource type. The majority of these plants were developed by
WattBridge, which all use the same turnkey natural gas-fired plant design (PROENERGY
LM6000PC with SPRINT). Therefore, to determine the most representative configuration and

19 Hitachi ABB Velocity Suite, Generating Unit Capacity Dataset, January 22, 2024. ERCOT, “Report on the

Capacity, Demand, and Reserves in the ERCOT region (2024-2033),” December 8, 2023. Texas Commission on
Environmental Quality, “Issued Air Permits for Gas Turbines 20 MW or Greater,” July 1, 2023.
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plant capacity, we filtered the Primary Thermal Dataset for planned plants by WattBridge
resulting in five plants with 2.1 GW of nameplate capacity shown in Table 4. From this filtering, a
6x0 configuration was selected for the Aero CT based on the median number of turbines of
planned WattBridge plants and stakeholder feedback.

TABLE 4: PLANNED THERMAL DISPATCHABLE GENERATION IN ERCOT BY WATTBRIDGE
(COD 2023-2026)

Number of Nameplate Capacity

Plant N Not Technol Turbine T C ty Online Dat R
ant Name otes echnology urbine Type ounty Online Date Units (MW)
Planned
Remy Jade [1] Combustion Turbine PROENERGY GE LM6000PC with SPRINT  Harris 04/01/24 6 363
Beachwood Il (Mark One) [2] Combustion Turbine PROENERGY GE LM6000PC with SPRINT Brazoria 06/01/24 2 121
Remy Jade Il [3] Combustion Turbine PROENERGY GE LM6000PC with SPRINT  Harris 11/30/24 4 242
Elmax [4] Combustion Turbine PROENERGY GE LM6000PC with SPRINT  Harris 06/01/26 10 605
LongLeaf [5] Combustion Turbine PROENERGY GE LM6000PC with SPRINT Angelina 2026 12 726
[6] = Median([1] to [5]) Median 6 363

Notes and Sources: Confidential data provided by ERCOT staff; Hitachi ABB Velocity Suite, Generating Unit Capacity
Dataset, January 22, 2024; Hitachi ABB Velocity Suite, Generating Unit Capacity Dataset, January 22, 2024. ERCOT,
“Report on the Capacity, Demand, and Reserves in the ERCOT region (2024-2033),” December 8, 2023. Texas
Commission on Environmental Quality, “Issued Air Permits for Gas Turbines 20 MW or Greater,” July 1, 2023.

The net capacity (MW) of each LM6000 unit depends on environmental operating conditions,
including the ambient temperature, humidity, altitude, and other factors. To provide a net
capacity value for different seasons, S&L estimated the net capacity as: 244 MW at Summer
conditions with ambient temperature of 94°F;, 291 MW at ISO conditions with ambient
temperature of 59°F, and 301 MW at Winter conditions with ambient temperature of 37°F. Table
5 displays the net turbine capacities and the net capacity of the reference Aero CT plant for each

season.

TABLE 5: NET CAPACITY BY SEASONAL CONDITION

Ambient Temperature Net Capacity (MW)

Seasonal Condition

(°F) Turbine Plant
Summer 94°F 40.7 244.2
ISO 59°F 48.5 291.0
Winter 37°F 50.1 300.8

Notes and Sources: Data provided by Sargent & Lundy.

We determined the location of the Aero CT based on the county with the most planned natural
gas plant capacity from the Primary Thermal Dataset filtered for only planned plants (COD 2023—
2026). All of the planned natural gas-fired plants are located in 4 counties in Southeast Texas,
with Harris County containing 51%. Harris County was therefore selected as the location for
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assessing the cost of the reference resource. Figure 1 is a map of the counties where this capacity
is planned to be built while Table 6 summarizes the planned natural gas-fired capacity by county.

FIGURE 1: LOCATIONS OF PLANNED GAS-FIRED CAPACITY (COD 2023-2026)
AN
om0

solum

Notes and Sources: Confidential data provided by ERCOT staff; Hitachi ABB Velocity Suite, Generating Unit Capacity
Dataset, January 22, 2024; Hitachi ABB Velocity Suite, Generating Unit Capacity Dataset, January 22, 2024. ERCOT,
“Report on the Capacity, Demand, and Reserves in the ERCOT region (2024-2033),” December 8, 2023. Texas
Commission on Environmental Quality, “Issued Air Permits for Gas Turbines 20 MW or Greater,” July 1, 2023.

TABLE 6: LOCATIONS OF PLANNED GAS-FIRED CAPACITY BY COUNTY (COD 2023-2026)

Planned Generation

C Not
ounty ores Nameplate Capacity (MW) Share of Capacity (%)
Harris [1] 1,210 51%
Angelina [2] 726 31%
Fort Bend [3] 300 13%
Brazoria [4] 121 5%
Total [5] = SUM([1]:[4]) 2,357 100%

Notes and Sources: Confidential data provided by ERCOT staff; Hitachi ABB Velocity Suite, Generating Unit Capacity
Dataset, January 22, 2024; Hitachi ABB Velocity Suite, Generating Unit Capacity Dataset, January 22, 2024. ERCOT,
“Report on the Capacity, Demand, and Reserves in the ERCOT region (2024-2033),” December 8, 2023. Texas
Commission on Environmental Quality, “Issued Air Permits for Gas Turbines 20 MW or Greater,” July 1, 2023.
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C. Process for Selecting PV+BESS Hybrid Alternative
Resource

We constructed our “Primary Solar Hybrid Dataset” by filtering the ERCOT January 2024 GIS
Report and confidential duration data provided by ERCOT staff to include only plants that had a
storage component and a COD between 2021 and 2026. Table 7 shows this data decomposed
into existing capacity and planned capacity with and without a signed Interconnection Agreement
(IA).** Our alternative reference characteristics are based on plants that have a signed IA as an
indicator that the plant is likely to be built than plants without one. There is 20 GW of solar PV
capacity across 70 existing and planned plants with signed 1As. While both solar hybrid and
standalone storage were prevalent in the interconnection queue, ERCOT agreed to use the solar
hybrid because it is dispatchable and produces primary energy.

TABLE 7: COMPARISON OF EXISTING OR PLANNED STORAGE AND GENERATOR CAPACITIES FOR
HYBRID AND STANDALONE STORAGE PLANTS IN ERCOT (COD 2021-2026)

Existing Planned with IA Planned without IA
Technology Notes Storage Genera.tor Storage Genera.tor Storage Genera.tor
Capacity Capacity Capacity Capacity Capacity Capacity
(MW) (MW) (MW) (MW) (MW) (MW)
Wind Hybrid [2] 224 698 195 582 100 435
Thermal Hybrid [3] 263 358 0 0 0 0
Standalone Storage  [4] 2,468 0 | 13,495 o | 64,422 0

Notes and Sources: IA = Interconnection Agreement. [1] to [4]: ERCOT January 2024 GIS Report, and
confidential data provided by ERCOT staff.

Next, we filtered the Primary Solar Hybrid Dataset for only planned plants with a signed IA, which
resulted in 55 plants with 16 GW of solar capacity. Figure 2 shows a histogram that displays the
number of plants (teal, right axis) and solar generation portion capacity (blue, left axis) for the
planned solar hybrid plants. The histogram shows a grouping around 200 MW, with the median
generator size of 204 MW. Based on the distribution of solar generator sizes, 200 MW was the
representative solar capacity.

11 ERCOT, “Battery Energy Storage Summary Based on January 2024 Generator Interconnection Status (GIS)
Report,” February 12, 2024 (“ERCOT January 2024 GIS Report”), and confidential data provided by ERCOT staff.
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FIGURE 2: PLANNED ERCOT SOLAR GENERATION CAPACITY AND SOLAR HYBRID PLANT SIZE
DISTRIBUTION (COD 2023-2026)
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Notes and Sources: ERCOT January 2024 GIS Report, and confidential data provided by ERCOT staff.
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To determine the PV module technology, type, and tracking system, we cross-referenced the
Primary Solar Hybrid Dataset with confidential solar project data prepared by ERCOT, which
resulted in 29 solar hybrid plants with 7.8 GW of solar capacity that overlapped between the two
datasets. Based on these 29 solar hybrid plants, 58% of solar hybrid capacity had monocrystalline
solar panels, 54% had bifacial solar panels, and 74% had a single-axis tracking system as shown
in Table 8. Additionally, S&L reviewed their extensive project database and public sources (Form
EIA-860) for ERCOT solar hybrid projects, confirming our results, so the representative PV system
was one with monocrystalline and bifacial solar panels with a single-axis tracking system.
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TABLE 8: PV TECHNOLOGY CHARACTERISTICS OF EXISTING OR PLANNED SOLAR HYBRID PLANTS
(COD 2021-2026)

PV Module Total Capacity Share of Capacity
Notes Plants

Technology (MW) (%)
Monocrystalline [1] 17 4,534 58%
Polycrystalline [2] 1 601 8%

Thin Film (3] 3 698 9%
Unknown [4] 8 1,936 25%

Sum [5] =SUM([1]:[4]) 29 7,769 100%

Total Capacity Share of Capacity

Solar Panel Type Notes Plants

P (MW) (%)
Bifacial [1] 14 4,174 54%
Not Bifacial [2] 7 1,659 21%
Unknown [3] 8 1,936 25%
Sum [4=SUM([1):[3]) 29 7,769 100%
Tracking Total Capacity Share of Capacity

Notes Plants

System (MW) (%)
Single [1] 21 5,769 74%
Dual [2] 1 210 3%
Unknown [3] 7 1,791 23%
Sum [4]=SUM([1]:[3]) 29 7,769 100%

Notes and Sources: ERCOT January 2024 GIS Report and confidential data provided by ERCOT staff.

From our Primary Solar Hybrid Dataset (70 plants total), all storage systems are lithium-ion (Li-
ion). A comparison of existing solar hybrid and standalone storage plants to future planned plants
with signed IAs shows that storage systems are trending to be longer duration and that hybrid
systems are trending to have a larger storage-to-solar capacity ratio, as shown in Table 9. Based
on this observation, a storage duration of 2 hours and a storage-to-solar capacity ratio of 50%
were selected based on the median values for planned solar hybrid plants with a signed IA.
Therefore, based on the 200 MW PV generator size, the 50% storage-to-solar capacity ratio
resulted in a 100 MW storage capacity for the alternative reference plant.
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TABLE 9: STORAGE DURATIONS FOR EXISTING OR PLANNED SOLAR HYBRID PLANTS VS. STANDALONE
STORAGE IN ERCOT (COD 2021-2026)

Existing Planned with IA
Median Median Storage Median Median Storage
Technology . )
Storage / Solar Capacity Storage / Solar Capacity
Duration (Hrs) Ratio (%) Duration (Hrs) Ratio (%)
Solar Hybrid 15 34% | 2.0 50%|
Standalone Storage 1.0 1.1

Notes and Sources: |IA = Interconnection Agreement. ERCOT January 2024 GIS Report, and confidential data
provided by ERCOT staff.

Li-ion battery systems degrade due to time, usage, and environmental factors. This degradation
impacts the capacity, duration, and efficiency of the storage system, so mitigation techniques are
needed to maintain system capabilities as sized for the interconnection and hybrid system (as
well as contract and warranty terms). Storage augmentation is a common practice for Li-ion
storage systems to manage normal degradation. This entails over-building a fixed percentage of
design capacity and over-designing some system components (such as battery module rack
space) to later enable battery modules to be added during the project lifetime to offset
degradation during normal system operations. An illustrative example of storage augmentation
is shown in Figure 3.
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FIGURE 3: ILLUSTRATIVE EXAMPLE OF BESS OVERBUILD AND AUGMENTATION APPROACH
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To determine the storage augmentation frequency and overbuild, S&L reviewed financial models
from several PV+BESS installations similar to the alternative reference resource and determined
the median augmentation period. In the ERCOT Region, solar hybrid plants are currently being
designed primarily for ancillary services and increasingly—with penetration of solar PV—for
energy shifting. With this understanding, S&L estimated that the battery storage system of the
alternative reference plant would be subject to one cycle per day on average over the life of the
plant. From this usage profile, S&L predicted annual degradation based on battery manufacturer
warranty curves for the anticipated system lifetime and energy throughput, which resulted in an
augmentation frequency of every 5 years with an initial overbuild to ensure the energy capacity
exceeds the minimum required system output.

To determine the alternative plant location, we reviewed the location of the 16 GW of planned
capacity from the Primary Solar Hybrid Dataset and identified that 37% (5.8 GW) of solar
generator capacity is in 5 counties. Brazoria County is the county with the most capacity and
contains 12% (1.9 GW) of the total, so Brazoria was the reference location. Figure 4 is a map of
planned solar hybrid plants in ERCOT and Table 10 displays amount of solar generator capacity
in each of these 5 counties compared to the total.
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FIGURE 4: LOCATIONS OF PLANNED SOLAR HYBRID PLANTS (COD 2023-2026)
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Notes and Sources: ERCOT January 2024 GIS Report, and confidential data provided by ERCOT staff.

TABLE 10: LOCATIONS OF PLANNED SOLAR PV CAPACITY BY COUNTY (COD 2023-2026)

Solar Capacity Share of Capacity

C t Not
ounty otes (MW) (%)
Brazoria [1] 1,906 12%
Hill [2] 1,137 7%
Hood [3] 1,004 6%
Wharton (4] 962 6%
Webb [5] 823 5%

Top 5 County [6] = SUM([1]:[5]) 5,831 37%

Total [7] 15,928

Notes and Sources: ERCOT January 2024 GIS Report, and confidential data provided by ERCOT staff.
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Ill. Bottom-up Costs for Reference and
Alternative Resource

A. Aero CT Reference Technology

1. Capital Costs

Power plant developers typically hire an engineering, procurement, and construction (EPC)
company to complete construction and to ensure the plant operates properly. EPC costs include
major equipment, labor, and materials; non-EPC or “owner’s costs” include development costs,
startup costs, interconnection costs, and inventories.

All equipment and material costs were initially estimated by S&L using S&L proprietary data,
vendor catalogs, or publications of current nominal prices in April 2024. Labor rates were
estimated for the specific counties chosen for the representative and alternative plants.
Estimates for the number of labor hours and quantities of material and equipment needed to
construct simple-cycle plants are based on S&L experience from similarly sized and configured
facilities and are explained in further detail below. Table 11 summarizes the EPC and non-EPC
costs for the Aero CT. Each category is explained in the sections below.
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TABLE 11: OVERNIGHT CAPITAL COSTS FOR AERO CT, AS OF APRIL 2024

Cost Component Units Amount
(20249)

Equipment
CTG Equipment S 204,913,000
SCR & CEMS Equipment S 39,108,000
Other Equipment S 36,603,000
Construction Labor S 56,125,000
Other Labor S 31,845,000
Materials S 17,081,000
Sales Tax S 1,281,000
Subtotal - EPC Costs w/o EPC Fee and Contingency S 386,956,000
EPC Contractor Fee S 34,826,000
EPC Contingency S 38,696,000
Total EPC Costs S 460,478,000

Non-EPC Costs

Project Development S 23,024,000
Mobilization and Start-Up S 4,605,000
Net Start-up Fuel Costs S 0
Electrical Interconnection S 0
Gas Interconnection S 1,750,000
Land S 759,000
Non-Fuel Inventories S 6,907,000
Owner's Contingency S 3,704,500
Total Non-EPC Costs S 40,749,500

Total Overnight Capital Cost

Total Overnight Capital Cost S 501,227,500
Overnight Capital Cost per 244 MW Summer Capacity S/kW 2,053
Overnight Capital Cost per 291 MW ISO Capacity S/kw 1,722
Overnight Capital Cost per 301 MW Winter Capacity S/kW 1,666

S&L estimated that the EPC contractor fee and contingency costs are 19% of other EPC costs,
informed by its extensive experience with actual projects. Similarly, some non-EPC cost line items
were based on total EPC costs, including project development (5% of EPC costs), mobilization and
startup (1%), and non-fuel inventories (1.5%). Owner’s contingency costs were 10% of other non-
EPC costs (and this level of contingency costs is expected to be spent on average).

[1l. Bottom-up Costs for Reference and Alternative Resource
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Net start-up fuel costs are assumed to be zero since the revenues gained for production of
electricity during testing would offset costs for the Aero CT.'? S&L reviewed the electrical
interconnection costs of similar plants and determined that these costs are well below the
threshold established under Texas House Bill (H.B.) 1500, therefore electrical interconnection
costs of the reference resource would be covered by the allowance.!® The estimated gas
interconnection costs assume a % mile lateral at $3.5m/mile based on their expertise and a
review of data from the EIA’s Capital Cost and Performance Characteristics for Utility Scale Power
Generating Technologies.'* A compression station is not needed because Harris County is one of
the most dense natural gas networks in the country that has sufficient access to the gas network
at high-enough pressure for CT operation. Estimated land costs are based on a 30-acre land
requirement for the Aero CT and a purchase cost of $25,300/acre.™

Combustion turbine generator (CTG) costs are the largest single cost line-item accounting for 41%
of the total overnight capital cost. This assumed cost is partially driven by the choice of GE’s “PC”
version of the LM6000 turbine model based on revealed preferences of the actual projects in the
interconnection queue, as discussed above.

2. Operations and Maintenance Costs
a. FOM Costs

Once the plant enters commercial operation, the plant owners incur fixed O&M costs each year,
including contracted services, property tax, insurance, labor, maintenance, and asset
management costs. Annual FOM costs increase the CONE and include costs directly related to
the turbine design (such as labor, materials, contract services for routine O&M, administrative

12 Before commencing full commercial operations, new generation equipment must undergo testing to ensure

the plant is functioning and producing power correctly. This occurs in the months before the online date and
involves testing the turbine generators on natural gas. S&L estimated the fuel consumption and energy
production during testing for the Aero CT based on typical schedule durations and testing protocols for plant
startup and commissioning, as observed for actual projects. During testing, a plant will pay for the natural gas
commodity and will receive revenues for its energy production. S&L determined that the costs and revenues
associated with these activities for the Aero CT would generally offset one another with bands of uncertainty
corresponding to the spot fuel prices and real-time energy market offerings at the time of commissioning. For
this reason, the net startup fuel costs in the capital cost estimate were assumed to be zero.

13 Vinson & Elkins LLP, “Texas Passes SB2627 and HB1500 to Strengthen the Electric Grid and Energy Market,”
Accessed May 26, 2024.

U.S. Energy Information Administration, “Capital Cost and Performance Characteristics for Utility Scale Power
Generating Technologies,” January 2024.

14

5 Land & Farm, “Harris County, TX Undeveloped Land for Sale over 20 Acres — Page 1 of 1,” Accessed March 8,

2024.

[1l. Bottom-up Costs for Reference and Alternative Resource
ERCOT CONE Report for 2026 Online Year Brattle.com | 27


https://www.velaw.com/insights/texas-passes-sb2627-and-hb1500-to-strengthen-the-electric-grid-and-energy-market/
https://www.eia.gov/analysis/studies/powerplants/capitalcost/pdf/capital_cost_AEO2025.pdf
https://www.eia.gov/analysis/studies/powerplants/capitalcost/pdf/capital_cost_AEO2025.pdf
https://www.landandfarm.com/search/texas/harris-county/undeveloped-land-for-sale/acres-over-20/

and general costs) and other fixed operating costs related to the location (site leasing costs,
property taxes, and insurance). Table 12 shows the fixed O&M costs by line-item for the Aero CT.

TABLE 12: FIXED O&M COSTS FOR AERO CT, AS OF APRIL 2024

Amount
(2024S9)

Cost Component Units

LTSA Fixed Payments S 511,000
Labor S 2,413,000
Maintenance and Minor Repairs S 51,000
Asset Management S 367,000
Administrative and General S 166,000
Property Taxes S 1,585,000
Insurance S 3,170,000
Firm Gas Contract S 3,078,000
Total FOM S 11,341,000
FOM per 244 MW Summer Capacity S/KW-yr 46
FOM per 291 MW ISO Capacity $/kW-yr 39
FOM per 301 MW Winter Capacity S/KW-yr 38

S&L reviewed the expected emissions rate for the reference Aero CT based on similar plant
designs and determined that the selective catalytic reduction system (accounted for in capital
costs) would be sufficient to meet existing air emissions standards at no additional FOM cost.
Property taxes and insurance costs are based on overnight capital costs, where insurance is 0.6%
and property taxes are assumed to be 0.3% of overnight costs based on S&L’s experience with
projects. Similarly, maintenance and minor repairs are estimated at 10% of LTSA fixed costs. Firm
gas contract costs were estimated from an analysis of firm fuel costs at existing and planned
WattBridge facilities.

Insurance and firm gas contract costs are the largest line items collectively resulting in 55% of
annual FOM costs. Labor and property taxes are the next largest line items while maintenance
and administrative costs are just 2% of annual FOM costs.

b. Variable O&M (VOM) Costs

VOM costs are not used in calculating CONE, but they are inputs for modeling the operation and
revenues of the reference resource, whether in tracking the PNM, or evaluating the reliability
standard, estimating MERM and EORM, or developing a PCM demand curve. VOM costs are
directly proportional to plant generating output, such as Selective Catalytic Reduction (SCR)
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catalyst and ammonia, carbon monoxide oxidation catalyst, water, and other chemicals and
consumables. Table 13 summarizes the VOM costs for the Aero CT. The majority of VOM costs

(over 90%) are due to major maintenance.

TABLE 13: VARIABLE O&M COSTS FOR AERO CT, AS OF APRIL 2024

Cost Component Units Amount
(20249)

VOM in Summer S/MWh 9.00
Major Maintenance - Hours Based S/MWh 8.26
Consumables, Waste Disposal, and Other VOM S/MWh 0.74
VOM at ISO Conditions S/MWh 7.66
Major Maintenance - Hours Based S/MWh 6.93
Consumables, Waste Disposal, and Other VOM S/MWh 0.73
VOM in Winter S/MWh 7.44
Major Maintenance - Hours Based S/MWh 6.71
Consumables, Waste Disposal, and Other VOM S/MWh 0.73

B. PV+BESS Hybrid Reference Technology

1. Capital Costs

All equipment and material costs were initially estimated by S&L in 2024 dollars using proprietary
data, vendor catalogs, or publications. Table 14 shows the EPC and non-EPC costs for the PV+BESS.
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TABLE 14: CAPITAL COSTS FOR PV + BESS, AS OF APRIL 2024

Amount
(2024S)

EPC Costs

Cost Component Units

PV Module Supply S 70,963,000
PV Inverter Supply S 14,735,000
PV Racking, Tracker and BOP Equipment Supply S 63,741,000
Batteries and Enclosures S 82,125,000
BESS BOP Equipment Supply S 10,686,000
Main Power Transformer & Substation S 8,610,000
Construction and Installation S 35,095,000
SCADA Subcontract S 1,220,000
Civil/Structural/Architectural Subcontract S 18,353,000
Subtotal - EPC Costs w/o EPC Fee and Contingency S 305,528,000
EPC Contractor Fee S 15,276,400
EPC Contingency S 16,040,000
Total EPC Costs S 336,844,400

Non-EPC Costs

Project Development S 16,842,220
Mobilization and Start-Up S 3,368,444
Electrical Interconnection S 0
Owner's Contingency S 2,021,000
Subtotal - Non-EPC Costs w/o Financing Fees S 22,231,664
Financing Fees S 0
Total Non-EPC Costs S 22,231,664

Total Overnight Capital Cost

Total Overnight Capital Cost S 359,076,064
Overnight Capital Cost per 200 MW Plant Capacity S/kw 1,795

S&L estimated that the EPC contractor fee is 5% of other EPC costs and the EPC contingency is
5% of other EPC costs plus the contractor fee. Contractor fees and contingency costs are
proportionally lower for the PV+BESS (~10% of total EPC costs vs. 19% of total EPC costs for the
Aero CT) because EPC is less risky for the PV+BESS technology type. Similar to the reference
thermal plant, owner’s contingency costs are 10% of other non-EPC costs, project development
is 5% of EPC costs, and mobilization and start-up costs are 1% of EPC costs.
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Nearly 70% of capital costs comes from PV and BESS equipment supply costs, even though these
cost components have enjoyed steep cost declines over the past several years (other than a
temporary increase in about 2022). On a per-kW basis, PV modules are $355/kW whereas BESS
is $928/kW or $464/kWh for a 2-hour battery.'® Construction and installation costs are about
10% of the overnight capital cost and project development costs are responsible for 75% of non-
EPC costs.

2. Operations and Maintenance Costs

a. FOM Costs

As a dispatchable renewable resource, the PV+BESS incurs FOM costs that differ from the Aero
CT. For example, the PV+BESS does not have a firm gas contract, but it does have a higher cost
for scheduled and unscheduled maintenance. Table 15 shows the FOM costs for the PV+BESS.

TABLE 15: FIXED O&M COSTS FOR PV + BESS, AS OF APRIL 2024

Amount
(20249)

Fixed O&M

Maintenance (scheduled and unscheduled) $/year 4,370,000

Cost Component Units

Land Lease S/year 700,000
Property Taxes S/year 2,154,000
Insurance S/year 1,077,000
Total FOM (without augmentation) $/year 8,301,000
FOM per 200 MW Plant Capacity S/kW-yr 41.5

Maintenance costs are the largest cost category, comprising over half of total FOM costs. Land
lease costs are based on a lease cost of $500 per acre, and 1,400 acres needed.!’ Property taxes
and insurance costs, as with the Aero CT, are based on 0.3% and 0.6% of overnight capital costs
respectively. Overall, FOM costs are $42/kW-year before augmentation costs are considered.

The costs of augmentation to counter degradation of the battery system, as described in Section
II.C above, are included in two ways, as: (1) FOM based on an annualized cost of storage
augmentation over the project lifetime; and (2) overnight capital cost based on the additional

16 BESS equipment includes the ‘Batteries and Enclosures’ and ‘BESS BOP Equipment Supply’ line items.

7" Land & Farm, “Brazoria County, TX Undeveloped Land for Sale over 20 Acres — Page 1 of 1,” Accessed March 8,
2024.
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balance of plant equipment (e.g., reserved rack space and conductors) included in the initial
construction to accommodate future augmentation.

S&L estimated that 28 MWh of augmentation were required every five years after the COD for
the battery to maintain its 100 MW/2-hour duration capacity throughout the 20-year economic
life of the PV+BESS.8 S&L also estimated that unit augmentation costs (in S/kWh) are $313/kWh
in April 2024, which are then escalated over time based on the moderate case for the overnight
capital cost trajectory for 2-hour BESS from the National Renewable Energy Laboratory's 2023
Annual Technology Baseline (2023 NREL ATB).' Based on these cost declines, the nominal
augmentation costs (at the time of the midpoint construction date) are $4.8 million in 2031 and
decline to $4.1 million by 2041. Table 16 illustrates the levelized first-year augmentation cost for
the PV+BESS.

TABLE 16: LEVELIZED AUGMENTATION COSTS FOR PV + BESS

Cost Component Units Quantity
Year 5 Costs (2031) Nominal $ $4,773,294
Year 10 Costs (2036) Nominal $ $4,440,332
Year 15 Costs (2041) Nominal $ $4,105,957

Present Value of Augmentation Cost Nominal $ $5,247,563

Capital Charge Rate % 12.1%

Levelized Augmentation Cost Nominal $/yr $633,446

Levelized Augmentation Cost per 200 MW Plant Capacity Nominal $/kW-yr $3.2

Notes and Sources: 2023 NREL ATB.

Next, the present value of augmentation costs is based on the augmentation schedule and the
10.35% ATWACC. The levelized cost for the first year is then calculated by multiplying the first-
year augmentation cost with the capital charge rate for the PV+BESS and obtaining the nominal
S/kW-yr cost by dividing the levelized cost by the PV capacity.

18 Based on its 2026 online date and 20-year life, the battery augmentations for the PV+BESS occur in 2031 (“Year

5”), 2036 (“Year 10”) and 2041 (“Year 15”).

National Renewable Energy Laboratory, “2023 Electricity ATB Technologies and Data Overview,” Accessed May
27,2024 (“2023 NREL ATB").

19
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C. Comparison to 2024 EIA Cost Benchmark

To validate the estimated capital costs for the Aero CT, we compared unit capital costs with
recent estimates of a similar natural gas-fired plant. In January 2024, S&L prepared a report for
the EIA detailing cost and performance estimates for numerous types of electric generators.?°
The 4x0 Aeroderivative CT natural gas plant (211 MW of capacity) with LM6000PF turbines is the
closest to our reference resource and serves as a basis for comparison. Table 17 below compares
the unit overnight costs of the Aero CT with the LM6000PF EIA reference plant.

TABLE 17: COMPARISON TO EIA BENCHMARK

Units EIA This Study Difference
Reference Plant 20245/kW  4x0 LM6000PF 6x0 LM6000PC
Total EPC Costs 20245/kW 51,435 $1,596 Sl161
Total Non-EPC Costs 20245/kwW 5226 5147 -$79
Overnight Capital Costs 20245/kW $1,661 $1,743 $82

Notes and Sources: EIA, “Capital Cost and Performance Characteristics for Utility-Scale Electric Power Generating
Technologies,” January 2024.

Our estimated overnight capital costs for the Aero CT are $82/kW higher than the LM6000PF EIA
reference plant. EPC costs are $161/kW higher because PF models deliver ~13% more power
(MW) for a relatively small cost premium on the turbines themselves as compared to PC models.
Yet non-EPC costs are $79/kW lower because our bigger (2 units more) Aero CT benefits from
economies of scale on non-EPC costs, and our Aero CT has much lower interconnection costs due
to the allowance afforded by Texas H.B. 1500. Additionally, our reference Aero CT does not
include costs for compression due to the widespread availability of high-pressure gas pipelinesin
Harris County. By contrast, the reference LM6000PF EIA reference plant assumes $2.4 million in

electrical interconnection costs and $2.2 million in compression station costs.

20 EJA, “Capital Cost and Performance Characteristics for Utility-Scale Electric Power Generating Technologies,”
January 2024.
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V. CONE for Reference and Alternative

Resources

A. CONE Results

1. LM6000 Plant CONE

As explained in Section |.B above, the levelized CONE reflects the annual net revenues a new

generation resource needs to earn on average to cover its capital investment and annual fixed

costs, given reasonable expectations about future cost recovery over its economic life. Table 18
summarizes the levelized capital cost, FOM and CONE for the Aero CT 6x0 LM6000 reference

plant for a June 1, 2026 online date.

TABLE 18: CONE CALCULATION FOR AERO CT, JUNE 2026 ONLINE DATE

6x0 LM6000
[1] Capacity at I1SO conditions Mw 291
Capital Costs
[2] Overnight Cost Nominal 5 million $513
[3] Overnight Cost Nominal S/kW =[2] x 1000/ [1] $1,764
[4] Capital Charge Rate % 14.0%
[5] Levelized Capital Cost Nominal 5/kW-yr $246
O&M Costs
[6] First Year FOM Nominal S million/yr 512
[7]1 Levelized FOM Nominal S/kW-yr" $47
[8] Levelized CONE Nominal S/kW-yr $293

Overnight cost is the cost of all the inputs in April 2024, escalated to middle of the construction

period and expressed in nominal dollars. Installed cost includes overnight cost plus the cost of

capital between construction and the online date. Our CONE estimate is calculated based on a

10.35% nominal ATWACC and accounts for both taxes and depreciation.
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The capital charge rate (14%) is fairly high because of the 10.35% ATWACC, combined with 20-
year level-nominal approach. Nearly half of the CONE comes from turbine equipment costs, and
20% of the CONE comes from labor costs.

2.  PV+BESS Hybrid CONE

Table 19 summarizes the levelized capital cost, FOM, Augmentation and CONE for the solar
hybrid alternative reference resource for a June 1, 2026 online date.

TABLE 19: CONE CALCULATION FOR PV + BESS, JUNE 2026 ONLINE DATE

PV + BESS
[1] Plant Capacity mMw 200
Capital Costs
[2] Overnight Cost Nominal § million $349
[3] Overnight Cost Nominal 5/kW =[2] x 1000/ [1] 51,743
[4] Capital Charge Rate % 12.1%
[5] Levelized Capital Cost Nominal 5/kW-yr =[3]x[4] $210
O&M Costs
[6] FirstYear FOM Nominal 5 million/yr S9
[7]1 Levelized FOM Nominal 5/kW-yr 49
[8] Levelized Augmentation Nominal S/kW-yr S3
[9] Levelized CONE Nominal S/kW-yr =[5] + [7] + [8] $263

As shown below, PV and BESS equipment costs were escalated at a negative nominal rate
because the magnitude of real cost declines for these components exceed inflation. Remaining
capital cost line-items were escalated at the rate of inflation. Roughly two-thirds of the CONE for
the solar hybrid plant comes from PV and BESS equipment costs.

We assumed that BESS equipment costs are eligible for the 30% ITC while PV opts for the PTC.
The ITC reduces the PV+BESS CONE estimation by $18/kW-year, but the PTC does not since it

enhances energy and ancillary services revenues instead.

B. Escalation to 2026 Costs

We escalated the overnight capital and FOM cost estimates as of April 2024 provided by S&L
using a three-step process: (1) establish a midpoint construction date for both the Aero CT and
PV+BESS; (2) estimate appropriate cost escalation rates based on short-term inflation and real
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cost declines; and (3) escalate costs for each line item to the midpoint of the construction period.
This approach translates overnight capital and FOM costs forward into a future estimate of costs
in nominal terms at the midpoint of construction using cost escalation rates particular to each
cost category and technology.

Later we applied the capital drawdown schedules to calculate debt and equity costs during
construction to arrive at a complete installed cost to derive CONE. The installed cost for each
technology was calculated by first applying the monthly construction drawdown schedule for the
project to the nominal overnight capital costs and then calculating the present value of the cash
flows as of the end of the construction period using the assumed cost of capital as the discount
rate. By using the ATWACC to calculate the present value, the installed costs will include the full
cost of capital of the project during construction, reflecting the riskiness of the future cash flows
for which the construction dollars are being spent to earn.

In the first step we established the midpoint construction date for both resources using capital
drawdown schedules provided by S&L for the Aero CT and PV+BESS. The capital drawdown
schedule shows the cash flow by construction month, months needed for construction, and
months needed to achieve a 50% capital drawdown for both resources (the “midpoint
construction date”). The Aero CT has a 30-month construction period, with its midpoint
construction date occurring 19 months after breaking ground. Working backwards from a June
2026 COD, construction would have started in December 2023 and the midpoint construction
date would be July 2025. Thus, the 2024 cost estimates from S&L for the Aero CT were escalated
over a 15-month period from April 2024 to July 2025. The PV+BESS has a midpoint construction
date at October 2025 so the 2024 cost estimates were escalated over an 18-month period from
April 2024 to October 2025.%*

In the second step, we estimated monthly cost escalation rates based on short-term inflation and
real cost declines forecasted by NREL. The annual inflation rate is 3.0% in 2024 and 2.3% in 2025
based on forecasts of the Consumer Price Index (CPI) from Wolters Kluwer.??> For each resource,
a blended monthly inflation rate is used based on the number of escalation months to arrive at
the midpoint of the construction period. This results in a monthly inflation rate of 0.23% for the

21 The PV+BESS has 16-month construction period with its midpoint construction date happening eight months

after breaking ground. Working backwards from a June 2026 COD, construction would have started in February
2025 and the midpoint construction date would be October 2025.
22

Wolters Kluwer, “Blue Chip Economic Indicators,” Accessed May 3, 2024.
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Aero CT and 0.22% for the PV+BESS.?3 Then real cost declines were calculated for technology-
specific cost components in the NREL ATB. For the Aero CT, the moderate case from the 2023
ATB projects that per kW capital costs of an aeroderivative gas-fired plant will decline by 0.8%
per year (0.07% per month) in real terms in the 2024-2025 timeframe.?* For the PV+BESS, per
kW capital costs decline at 5.7% per year (0.27% per month) over the same timeframe. The
nominal near-term cost escalation rates (0.16% for the Aero CT and -0.27% for the PV+BESS) were
calculated by adding the monthly real cost decline rates to the monthly inflation rates to derive
the nominal near-term cost escalation rates for capital costs.

For the third step, overnight capital and FOM costs for each line item are escalated to the
midpoint of the construction period. The nominal near-term cost escalation rates were only
applied to capital cost components that would be subjected to the real cost declines estimated
by NREL while the remaining line-items are escalated by inflation only, as follows:

e For the Aero CT the 0.16% nominal monthly cost escalation rate was applied only to EPC
capital costs (turbine equipment, emissions systems, other equipment, construction labor,
other labor, and materials).

e Forthe PV+BESS the -0.27% nominal monthly escalation rate was applied to EPC capital costs
for PV or BESS components (batteries and enclosures equipment, BESS balance of plant, and
PV modules, inverters, racking, and balance of plant equipment); other EPC costs (main
power transformers & substation, construction/installation, SCADA subcontract, and
professional services contracts) were escalated only at the monthly inflation rates discussed
above.

e For both the Aero CT and the PV+BESS, FOM and non-EPC capital costs were escalated only
using the monthly inflation rates.>

Table 20 and Table 21 show the escalated capital costs and O&M costs for the Aero CT, while
Table 22 and Table 23 show the escalated capital costs and O&M costs for the PV+BESS.

23 For the Aero CT, the midpoint of construction is July 2025, which has nine months occurring in 2024 and six

months in 2025 from April 2024. Based on this timeframe and the established annual inflation rates, the
blended nominal inflation rate is 3.44% over this period that results in a nominal monthly inflation rate of
0.23%. For the PV+BESS, the midpoint of construction is October 2025, which has nine months occurring in
2024 and nine months in 2025 from April 2024. The blended total nominal inflation rate is 4.04% over this
period that results in a nominal monthly inflation rate of 0.22%.

24 2023 NREL ATB.

% For more details, see the “Supporting Analysis” section of the public ERCOT CONE model accompanying this

report.
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TABLE 20: CAPITAL COSTS FOR AERO CT RESOURCE (NOMINALS)

6x0 LM6000
Capital Costs (in $millions) Harris County
291 MW
Equipment
CTG Equipment $209.8
SCR & CEMS Equipment $40.1
Other Equipment $37.5
Construction Labor $57.5
Other Labor $32.6
Materials $17.5
Sales Tax S1.3
EPC Contractor Fee $35.7
EPC Contingency $39.6
Total EPC Costs $471.6
Project Development $23.6
Mobilization and Start-Up S4.7
Net Start-Up Fuel Costs $0.0
Electrical Interconnection S0.0
Gas Interconnection $1.8
Land $0.8
Non-Fuel Inventories §7.1
Owner's Contingency $3.8
Total Non-EPC Costs $41.8
Overnight Capital Costs ($million) $513
Overnight Capital Costs per 291 MW ISO Capacity $1,764
Installed Capital Costs per 291 MW ISO Capacity $1,934

Note: All costs are shown in nominal$ and based on ISO capacity conditions.

IV. CONE for Reference and Alternative Resources
ERCOT CONE Report for 2026 Online Year Brattle.com | 38



TABLE 21: OPERATIONS & MAINTENANCE COSTS FOR AERO CT RESOURCE (NOMINALS)

6x0 LM6000
Harris County

Fixed O&M ($ million)

O&M Costs

LTSA Fixed Payments S0.5
Labor $2.5
Maintenance and Minor Repairs S0.1
Administrative and General S0.2
Asset Management S0.4
Property Taxes S1.6
Insurance $3.2
Firm Gas Contract $3.2
Total FOM $11.7
FOM per 291 MW ISO Capacity ($/kW-yr) $40.2
Total Variable O&M ($/MWh) $7.92
Major Maintenance - Hours Based 7.17
Consumables, Waste Disposal, Other VOM 0.76

Note: All costs are shown nominal$ and based on ISO capacity conditions.
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TABLE 22: CAPITAL COSTS FOR PV + BESS RESOURCE (NOMINALS)

Capital Costs (in $millions)

PV + BESS
Brazoria County
200 MW

EPC Costs

BESS Equipment
Batteries and Enclosures
PCS and BOP Equipment
PV Equipment
Module Supply
Inverter Supply
Racking, Tracker and BOP
Main Power Transformer
Construction
SCADA Subcontract
Architectural Subcontract
EPC Contractor Fee
EPC Contingency
Total EPC Costs

$78.2
$10.2

$67.6
$14.0
$60.7

$9.0
$36.5

$1.3
$19.1
$14.8
$15.6

$327.0

Non-EPC Costs

Project Development

Mobilization and Start-Up

Owner's Contingency
Total Non-EPC Costs

$16.3
$3.3
$2.0
$21.6

Total Capital Costs $348.6

Overnight Capital Costs ($million)
Overnight Capital Costs per 200 MW Plant Capacity
Installed Capital Costs per 200 MW Plant Capacity

$349

$1,743
$1,864

Note: All costs are shown nominal$ in terms of only the PV capacity of the hybrid plant.
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TABLE 23: OPERATIONS & MAINTENANCE COSTS FOR PV + BESS RESOURCE (NOMINALS)

PV + BESS
O&M Costs (in Smillions) Brazoria County
200 MW
Maintenance $4.5
Land Lease S0.7
Property Taxes $2.1
Insurance $1.0
Total FOM (without augmentation) $8.4
FOM without augmentation per 200 MW plant capacity ($/kW-yr) $42.1
Year 5 Costs (2031) $4.8
Year 10 Costs (2036) $4.4
Year 15 Costs (2041) $4.1
Levelized augmentation cost per 200 MW plant capacity ($/kW-yr) $3.2
FOM with augmentation per 200 MW plant capacity ($/kW-yr) $45.2

Note: All costs are shown nominal$ and in terms of only the PV capacity of the hybrid plant.

C. Economic Life and Levelization Approach

To provide a benchmark of how high prices have to be to support entry, CONE is calculated as
the first-year net revenues a resource owner would expect to earn in order to be willing to enter
the market. CONE is calculated from the installed costs and FOM cost, the shape and timeframe
of the projected future net revenue trajectory, and the risk-appropriate cost of capital. The CONE
calculation requires a levelization “shape” and economic lifetime to be established for both
resources. Although new natural gas-fired plants can physically operate for 30 years or longer,
developers commonly express a preference to recover their capital in 20 years, and this is taken
as the economic life. The PV+BESS CONE calculation also assumes a 20-year economic life based
on S&L’s review of a representative degradation profile and warranty terms typically offered by
Original Equipment Manufacturers (OEMs).

We adopted the commonly used “level-nominal” levelization approach for both the Aero CT and
PV+BESS, which reflects a view that future net revenues remain constant on average in nominal
terms. A level-nominal approach assumes net revenues decline in real terms by the rate of
inflation, due to continued improvements in costs and performance. This is because future
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entrants will have increasingly competitive costs that will set market prices lower and reduce the
revenues of a plant built today. As discussed above, NREL projects that per-kW capital costs of
an aeroderivative gas-fired plant will decline by 0.8% per year in real terms, as turbines increase
in size and have better economics of scale. That plus assumed performance improvements
suggests that the assumed 2.2% real decline rate is reasonable (i.e., constant in nominal terms,
with a long-term inflation rate of 2.2%).

For the PV+BESS alternative resource, technology progress is so rapid that a new entrant would
likely need a more front-loaded revenue recovery to compensate for sharply decreasing revenues
due to competition of future entrants. Based on the long-term real decline rate from NREL of
3.0% over the next 20 years, one could adopt a steeper levelization, but we approximated with
level-nominal since that already assumes a 2.2% real decline.?® This approach was agreed to by
ERCOT and is consistent with Brattle’s approach to estimating CONE for PJM in 2022.%/

D. ATWACC and Financial Assumptions

1. Development of ATWACC

An appropriate discount rate is needed for translating uncertain future cash flows into present
values and deriving the CONE value that makes the project net present value (NPV) zero. It is
standard practice to discount future all-equity cash flows (i.e., without counting interest
payments in cash flows or deducting it from taxable income) using an after-tax weighted-average
cost of capital (ATWACC).?® The ATWACC reflects the systemic financial market risks of the
project’s future cash flows and is used to derive the first-year revenue requirement. Our ATWACC
methodology, which has been used consistently for many years in Brattle’s work involving CONE

%6 The long-term escalation rate for the PV+BESS was calculated from estimates of annual real cost declines from

the NREL ATB for a utility-scale PV and a 2-hour BESS. First, the unitary ($/kW) cost trajectories for PV and 2-
hour BESS were summed together to calculate the real escalation rate of the combined resource which has the
same capacity as the alternative resource (200 MW PV + 100 MW BESS). Then the long-term equivalent cost
escalation rate from 2025 to 2050 was calculated by determining the fixed cost decline rate that results in the
same NPV as the variable cost decline rates from the previous step at the real ATWACC. The real ATWACC was
calculated as: 8.0% = ((1 + 10.35%) / (1 + 2.2%)) - 1. See 2023 NREL ATB.

27 Newell, et al., “PJM CONE 2026/2027 Report,” April 21, 2022.
28

The ATWACC is so-named because it accounts for both the cost of equity and the cost of debt, net of the tax
deductibility of interest payments on debt, with the weights corresponding to the debt-equity ratio in the
capital structure. Cash flows to which the ATWACC is applied must include revenues, costs, and taxes on
income net of depreciation (but not accounting for interest payments or their deductibility, since that is
incorporated into the ATWACC itself).
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estimations and cost of capital for merchant generation before regulators, is derived from a
transparent, highly vetted approach and market-based evidence.”

ERCOT agreed for this CONE study to leverage Brattle’s 2022 ATWACC estimate for merchant
generation in PJM and to adjust it to account for: (1) ERCOT-specific state corporate income tax;
and (2) changes in the risk-free rate. The previous estimate was an 8.85% ATWACC for a new
entry plant in PJM based on an as-of date of August 31, 2022.3°

To make our ATWACC reflective of ERCOT conditions for the present study, we first adjusted for
the difference in corporate income tax rates. In place of a corporate income tax, Texas issues a
gross receipts tax that can range from 0.331% to 0.75%.3! The approximate midpoint of the gross
receipts tax (0.5%) was used as a proxy for corporate tax in ERCOT. Reducing the state tax rate
from 8.5% (PJM) to 0.5% (ERCOT) leads to a 21.4% combined tax rate and increases the ATWACC
by 22 bps to 9.07%, reflecting a less valuable debt-tax shield. Although the lower tax rate raises
the ATWACGC, it also lowers tax liabilities accounted for in the cash flows in the CONE model,
resulting in a lower CONE overall, as one would expect.

The second adjustment was to update the ATWACC for the prevailing risk-free rate based on a
15-day average of the 20-year treasury bond yield. For PJM the risk-free rate was 3.43% as of
August 31, 2022.% For this analysis, we selected the as-of date to be April 19, 2024, which
resulted in a risk-free rate of 4.69%, or 126 bps higher than when the base ATWACC was
estimated. Adding the 126-bps increase in the risk-free rate to the ATWACC results in 10.33%,
which was rounded up to a final ATWACC of 10.35%.33

22 For a full description of the ATWACC estimation approach see, Newell, et al., “PJM CONE 2026/2027 Report,”
April 21, 2022.

Only the ATWACC, not the components, affect CONE, but we presented the following components consistent
with the ATWACC and with prevailing capital structures and rates: D/E ratio of 55/45, a cost of debt of 6.3%
and a cost of equity of 14.1%. ATWACC = 6.3% x 55% x (1 - 27.2%) + 14.1% x 45% = 8.85%, where 27.2% (=
8.5% + (1 - 8.5%) x 21%) is the combined federal-state tax rate, with 8.5% state taxes deductible for federal
taxes. See Wright & Talisman, “Docket No. ER22-2984-000: Periodic Review of Variable Resource Requirement
Curve Shape and Key Parameters,” September 30, 2022.

31 Tax Foundation, “Gross Receipts Taxes by State, 2022,” Accessed May 27, 2024.
32

30

FRED, “Market Yield on U.S. Treasury Securities at 20-Year Constant Maturity, quoted on an Investment Basis,”
Accessed April 23, 2024.

The Brattle Group is currently conducting a fully updated study of ATWACC for PJM, which may result in a
different value from the simple adjustment agreed upon with ERCOT.

33
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Although recommended financing components are specified, only the ATWACC impacts the
CONE calculation, not the individual components of ATWACC, since these are inter-related and
cannot be estimated in isolation.34

Some stakeholders mentioned that there could be higher, non-diversifiable risk in ERCOT versus
PJM due to the market regulatory environment that could warrant a 100 bps risk premium adder,
which would result in an ATWACC of 11.35%. We do not adopt this as our base case but do show
the implications for CONE in the sensitivity analyses in Section IV.E.

2. Other Financial Assumptions

Calculating CONE requires several other financial assumptions about general inflation rates, tax
rates, depreciation, bonus depreciation, and interest during construction.

As discussed above, annual inflation was based on forecasts from Wolters Kluwer’ Blue Chip
Economic Indicators.3> Based on consensus forecasts, the annual inflation rates are 3.0% in 2024,
2.3%in 2025, and 2.2% in 2026 and going forward. Income tax rates affect both the cost of capital
and cash flows in the financial model used to calculate CONE. Income tax rates were based on
the current federal tax rate of 21% and the 0.5% gross receipts tax proxy for Texas state income
tax rate discussed previously.

Depreciation for CONE was calculated based on the bonus depreciation provisions of the 2017
Tax Cuts and Jobs Act. New units put in service before January 1, 2027 can apply a 20% bonus
depreciation in the first year of service, which decreases CONE by S5/kW-year relative to no

3% This is derived from two fundamental principles of corporate finance: Modigliani and Miller (MM) Theorems |
and Il. Simply put, MM Theorem | states that a project’s value or its overall cost of capital is determined by the
use of the capital (i.e., the overall risk of the project), not the source of the capital (i.e., not the parties funding
the investment). In addition, MM Theorem Il states that a company’s cost of debt and cost of equity both
increase with the amount of debt relative to the value of the project (“financial leverage”). Because a project’s
overall business risk is not affected by financial leverage (at least not within a reasonable range of capital
structures), the increases in the cost of equity and cost of debt associated with financial leverage are largely
offset by the change in relative weights of debt and equity such that the overall weighted-average cost of
capital is approximately constant. The original MM result holds in a perfect capital market with no taxes, no
bankruptcy costs, no information barriers, and other assumptions. Numerous subsequent theoretical and
empirical studies have shown that the basic MM theorem is robust to relaxations of their restrictive
assumptions, and financing decisions usually have a secondary impact on a company’s or a project’s value or
cost of capital. In other words, a company’s cost of capital is largely constant for a broad range of capital
structures within the same industry. See Brealey, Myers & Allen, “Principles of Corporate Finance (10th Ed.),
Chapter 17, 2009 and F. Modigliani and M. H. Miller, “The Cost of Capital, Corporation Finance and the Theory
of Investment,” American Economic Review 48, June 1958, pp. 261-297.

3 Wolters Kluwer, “Blue Chip Economic Indicators,” Accessed May 3, 2024.
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bonus depreciation. The bonus depreciation phases out completely by the following year.3° The
Modified Accelerated Cost Recovery System (MACRS) was applied to the remaining depreciable
costs (i.e., 20% bonus depreciation, 80% MACRS).

The annual value of depreciation was calculated using the depreciable basis for the Aero CT or
PV+BESS, relevant MACRs schedule, and bonus depreciation. For both resources, depreciable
costs are the sum of depreciable assets and interest during construction.3” The Aero CT used the
15-year MACRS for a second quarter in-service date due to the assumed June 2026 COD.38

We calculated depreciation differently for the PV + BESS to account for a shorter depreciation
period used by developers and the impacts that the section 48 Investment Tax Credit (“ITC”) has
on depreciable costs.>® The PV+BESS used the 7-year MACRS for a second quarter in-service date,
instead of the 15-year MACRS. The impact of the ITC was also accounted for, which provides a
first-year tax credit worth 30% of applicable capital costs and reduces the depreciable basis of
the PV+BESS resource by half the value of the first-year tax credit.*° Due to our assumption that
the BESS portion receives the ITC (which impacts CONE) while the PV receives the Production Tax
Credit (which impacts E&AS revenues but not CONE), the ITC was applied only to BESS equipment
costs. This results in a first-year tax credit of $26.5 million and reduces the depreciable basis by
$13.3 million.** Overall, the ITC decreases the PV+BESS CONE by $16/kW-year. The effect is
limited by applying the ITC only to dedicated storage components of the plant (no facilities shared
with the PV) and by the assumption that the storage capacity is only half of the PV capacity, which
is used to normalize the costs.

We calculated interest during construction over the duration of the construction period using the
overnight capital cost, capital drawdown schedule, construction debt fraction, and monthly debt
rate.*> The construction debt fraction is equal to the debt ratio (55%) and the interest rate during
construction based on the cost of debt (7.6%) consistent for parameters for the 10.35% ATWACC.

36 Thomson Reuters, “Bonus depreciation — Tax & Accounting glossary,” Accessed May 23, 2024.

37 Depreciable assets include all capital costs except land.

38 Department of Treasury—Internal Revenue Service, “Publication 946: How to Depreciate Property, for use in

preparing 2023 returns,” February 14, 2024.

3% Holland & Knight, “Breaking Down the Section 48 Investment Tax Credit Proposed Regulations,” November 28,

2023.

Wilson Sonsini, “Energy and Climate Solutions White Paper: Solar, Wind, and Energy Storage Incentives in the
Inflation Reduction Act of 2022,” August 2023.

Specifically, the 30% capital cost tax credit of the ITC is applied to the ‘Batteries and Enclosures Equipment’ and
‘BESS BOP Equipment’ line items.

40

41

42 For the Aero CT, the construction period is 30 months while for the PV+BESS, the construction period is 16

months.
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In each month, interest during construction was calculated based on cumulative spend as of the
previous month multiplied by the construction debt fraction and monthly debt rate.

The annual financing cost debt rate to calculate working capital in the FOM was based on the
short-term debt borrowing rate for corporates with a “BB” credit rating from Bloomberg (6.21%).

E. CONE Sensitivity and Comparisons to Benchmarks

1. Uncertainty Drivers of CONE and Indicative Sensitivity
Analyses

To explore uncertainty drivers, this section provides indicative estimates of CONE under
alternative assumptions about the technology type and ATWACC and show the sensitivity of
CONE to the levelization method. Sensitivities relating to plant configuration or input costs are
not assessed here.

a. Technology Sensitivity

We estimated an indicative CONE for a natural gas plant with a frame type combustion turbine
(Frame CT) by scaling capital and FOM costs for the Aero CT by the ratio of costs relative to a
recent estimate for a Frame CT and applying the capital charge rate from our CONE estimate. The
capital and fixed O&M cost ratios were calculated from recent estimates of capital costs from the
EIA for aero and Frame CTs, also prepared by S&L.** These cost ratios were then applied to the
capital and FOM costs for our Aero CT to get indicative capital and fixed O&M costs for a Frame
CT and then multiplied by the capital charge rate to develop an indicative CONE.**

The indicative CONE of the Frame CT is $162/kW-year, which is $131/kW-year lower than the
Aero CT CONE. This large difference raises the question whether the Aero CT is the correct
technology if there is such a large cost difference. The Frame CT was not selected as the reference
resource for this study because developers are not building Frame CTs in the ERCOT Region.
Developers evidently prefer the costlier aeroderivative plants, and some reported that they value
their relative flexibility and lower “shaft risk” whereby multiple smaller units diversify exposure

43 This is based on Case 4 of Sargent & Lundy’s study prepared for the EIA, which consists of a Frame CT plant with

one industrial frame Model H combustion turbine in simple-cycle configuration. See EIA, “Capital Cost and
Performance Characteristics for Utility-Scale Electric Power Generating Technologies,” prepared by Sargent &
Lundy, January 2024.

44 Using the following formula: CONE = (Capital Cost) x (Capital Charge Rate) + (Fixed O&M Cost).
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to inopportune unavailability in a market that sharply punishes outages during system shortages.
The aeroderivative plants being developed in the ERCOT Region have also enjoyed cost
advantages with refurbished turbines. That savings relative to our generic estimates for all-new
plants is not publicly available (nor in S&L’s non-public databases) so not included in our CONE
estimates. Our adherence to the “revealed preference” approach avoids speculating on what
other technologies might be built under different market circumstances, or trying to account for
disadvantageous characteristics of a given technology that may be deterring developers from
building it. The possibility of developers finding lower cost opportunities with other technologies
could be evaluated in further study.

b. ATWACC Sensitivity

Stakeholders asked that we consider a sensitivity analysis in which the ATWACC is higher than a
generic merchant generation ATWACC, due to the energy-only market’s volatility and a perceived
vulnerability to political interference. Some suggested evaluating a 100-bp premium. Taking that
suggestion increases the ATWACC to 11.35%. This raises the CONE of the Aero CT by $19/kW-
year to $313/kW-yr. The magnitude of this impact is less than one-sixth of the impact of change
in the reference technology from an Aero CT to a Frame CT, so ATWACC is not the largest
uncertainty driver.

C. Levelization Sensitivity

While we used level-nominal as the base case levelization method, we also demonstrated the
impact on CONE of using a level-real, an intermediate, and a more front-loaded levelization
approach. Under the level-real levelization, revenues are constant in real terms meaning that
they increase overtime at the rate of long-term inflation (2.2%) in nominal terms. Our
‘intermediate’ levelization sensitivity reflects an annual 0.8% real cost decline in overnight capital
costs for the Aero CT from the NREL ATB moderate case, without any consideration of
performance improvements. The ‘more front-loaded’ sensitivity reflects a more aggressive 3.0%
annual long-term real cost decline in overnight capital costs for the PV+BESS resource also based
on the NREL ATB moderate case. The level-real and intermediate sensitivities for the Aero CT and
the more front-loaded sensitivity for the PV+BESS are shown in Table 24.
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TABLE 24: CONE SENSITIVITY TO LEVELIZATION

. Assumed Assumed Real CONE CONE
Levelization .
Method Nominal Revenue Revenue 6x0 LM6000 PV + BESS
Escalation Rate  Escalation Rate (2026 $/kW-yr) (2026 $/kW-yr)
Level-Real 2.2% 0.0% $253
Intermediate 1.4% -0.8% S268
Level-Nominal 0.0% -2.2% $293 $263
More front-loaded -0.8% -3.0% $277

For the Aero CT, changing from a level-nominal to level-real method reduces CONE by $S40/kW-
yr. The magnitude of this impact is less than one-third of the impact of changing the reference
technology shown in the technology sensitivity analysis above. Moving from a level-nominal to
the intermediate levelization scenario reduces the Aero CT CONE by $25/kW-yr, which is less
than one-fifth of the impact of changing the reference technology. For the PV+BESS, going from
a level-nominal to a more front-loaded levelization increases the CONE by $14/kW-yr.

The results of these sensitivity analyses imply that the choice of ATWACC and levelization
approach have a considerably smaller impact on CONE than the choice of the reference
technology.

2. Comparison to CONE Benchmarks

To provide another reference point, we compared our Aero CT in ERCOT to additional CONE
benchmarks. In 2022, Brattle developed a CONE estimate for PJM for both a combined-cycle
frame (Frame CC) and Frame CT reference resource for a 2026 online year.*> Similar to the Frame
CT sensitivity above, the CONE for our Aero CT is substantially higher than the CONE for a Frame
CT or Frame CC in PJM, shown in Table 25.

Both the Frame CC and Frame CT from the PJM study consist of GE 7HA turbines. The CONE for
the Aero CT is $110/kW-year higher than the CONE for the Frame CC and $146/kW-year higher
than the Frame CT, which is explained by two factors. Aeroderivative LM6000 turbines cost more
than 7HA turbines on a per kW basis so lower capital costs result in lower CONE for the Frame CC
and Frame CT. Additionally, the ATWACC in this study (10.35%) is 150 bps higher than the
ATWACC Brattle developed for PJM in 2022 (8.85%), which further increases the difference
between the Aero CT and the Frame CC/CT.

4 Newell, et al., “PJM CONE 2026/2027 Report,” April 21, 2022.
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TABLE 25: COMPARISON OF ERCOT AERO CT VS. PJM FRAME CC AND FRAME CT

. CONE

Resource Description Notes
(20265/kW-yr)
Aero CT w/GE LM6000PC in ERCOT [1] $293
CC w/GE 7HA in PIM [2] $183
CT w/GE 7HA in PJM [3] $147
Aero CT Cost Premium vs. PIM CC [4] =[1] - [2] $110
Aero CT Cost Premium vs. PIMCT [5] =[1] - [3] $146

Notes and Sources: CONE values shown in nominal terms (2026$/kW-year) for a June 1, 2026 online date for the
Aero CT with the CONEs of a Frame CC and Frame CT in the ‘Rest of RTO’ subregion of PJM from Newell, et al.,
“PJM CONE 2026/2027 Report,” April 21, 2022.

Brattle conducted a study of resource CONE for ERCOT in 2012 which estimated that the midpoint
CONE for a new Frame CT entering the market would be $105/kW-year for an online date of June
1, 2015.%° This CONE estimate still serves as the basis for ERCOT’s current PNM threshold of
$315/kW-year. Bringing the 2012 CONE estimate forward to nominal 2026 dollars results in
$149/kW-year that is $147/kW-year lower than the CONE for the Aero CT (see Table 26). This is
very close to the value we estimate at a high level by scaling current EIA estimates for Frame CTs
in Section IV.E.1.a above and also similar to the recent Frame CT estimate for PJM (see Table 25).
Thus, the primary reason for the higher CONE estimate in this report is the change in technology
of the reference unit to the Aero CT, based on current industry evidence.

TABLE 26: 2024 ERCOT CONE ESTIMATE VS. 2012 ERCOT CONE ESTIMATE

A CONE
Resource Description Notes
(20265/kW-yr)
Aero CT in ERCOT (2024 Study) [1] $293
Frame CT in ERCOT (2012 Study) [2] $146
2024 Aero CT vs. 2012 Frame CT [3]1=1[1]-[2] $147

Notes and Sources: CONE values shown in nominal terms (2026 $/kW-year) for a June 1, 2026 online date. The
2012 Frame CT value is from Newell, et al., “ERCOT Investment Incentives and Resource Adequacy,” June 1, 2012.

4 Newell, et al., “ERCOT Investment Incentives and Resource Adequacy,” June 1, 2012.
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V. Annual CONE Updates

ERCOT requested that we propose a method for updating CONE values annually using simplified,
indexing-based approaches to capture major changes in costs without having to conduct a full
CONE study every year. To that end, we recommend adjusting the cost components using
relevant cost indexes for materials, equipment, and labor; adjusting the ATWACC using readily
observable changes in capital market conditions; and then entering the updated values into the
CONE model provided with this study.

We recommend that ERCOT update the LM6000 reference technology CONE value each year
based on a composite of the Department of Commerce’s Bureau of Labor Statistics (BLS) indices
for labor, turbines, and materials. ERCOT should calculate the composite index based on 35%
labor, 25% materials, and 40% turbine. S&L recommends the selection of the following indices
for each component of this composite: BLS Quarterly Census of Employment and Wages Utility
System Construction for the state of Texas to be used for “labor;” BLS Producer Price Index
Turbines and Turbine Generator Sets to be used for “turbines;” and BLS Producer Price Index
Construction Materials and Components for Construction to be used for “materials.”

For updates to the ATWACC, we recommend ERCOT adjust the ATWACC by the difference
between the prevailing 15-day average of 20-year U.S. treasury bills as of the updated estimate
date and the previous estimated date. This adjustment reflects the concept that ATWACC is the
sum of the risk-free rate and the industry’s market risk premium, and it captures changes in the
risk-free rate. It would not account for possible changes in industry risk premium, which would
be harder to capture in a simple index formula. To update the ATWACC for a new ‘as of’ date,
ERCOT would only have to take the difference between the current risk-free rate and the 4.69%
risk-free rate used in this report.
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List of Acronyms

AC

AERO CT
ATB
ATWACC
BESS

cC

CoD
CONE
CPI

cT

CTG

DC

E&AS
EIA
EORM
EPC
ERCOT
FIP

FOM
Frame CT
HCAP

1A

ICE

ISO

ITC

LCAP
MACRS
MERM
NREL

Alternating Current

Aeroderivative Natural Gas-Fired Combustion Turbine
Annual Technology Baseline

After-Tax Weighted-Average Cost Of Capital
Battery Energy Stationary Storage
Combined-Cycle

Commercial Operation Date

Cost of New Entry

Consumer Price Index

Combustion Turbine

Combustion Turbine Generator

Direct Current

Energy and Ancillary Services

Energy Information Administration
Economically Optimal Reserve Margin
Engineering, Procurement, and Construction
Electric Reliability Council of Texas

Fuel Index Price

Fixed Operation & Maintenance

Frame Combustion Turbine

High Cap

Interconnection Agreement

Internal Combustion Engine

International Standards Organization
Investment Tax Credit

Low Cap

Modified Accelerated Cost Recovery System
Market Equilibrium Reserve Margin

National Renewable Energy Laboratory
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O&M
OEM
ORDC
PCM
PNM
PV
PV+BESS
S&L
SCADA
SCR
SWCAP
VOM

Operation & Maintenance

Original Equipment Manufacturer
Operating Reserve Demand Curve
Performance Credit Mechanism

Peaker Net Margin

Photovoltaic

Photovoltaic Plus Battery Energy Stationary Storage
Sargent & Lundy

Supervisory Control and Data Acquisition
Selective Catalytic Reduction
System-Wide Offer Cap

Variable Operation & Maintenance
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