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Public Utility Commission of Texas

Memorandum

TO: Chatrman Peter M. Lake
Commissioner Will McAdams
Commissioner Lon Cobos
Commussioner Jimmy Glotfelty
Commussioner Kathleen Jackson

FROM: Ben Haguewood, Market Analysis
DATE: November 10, 2022
RE: November 10, 2022 Open Meeting, Item No. § — Project No. 52373- Review af

Wholexale Marker Design

Phase 11 of the Market Design Blueprint {Blueprint) adopted by the Commission on December 6,
2021, called for a study of specific long-term market design principles, including novel hybrid
designs that maintain the unique ERCOT energy-only market. Pursuant to Commission
guidance, the Public Utility Commission of Texas (PUCT) executed contract No. 473-22-00009
with Energy and Enmvironmental Economics, Ing, (E3) on May 10, 2022, The contract with E3 15
for consulting services related to analysis, development, and implementation of market design
and market structure changes in Electric Reliability Council of Texas (ERCOT) wholesale
market. As stated in the Blueprint, the changes are intended to ensure sufficient dispatchable
generation resources are available in the ERCOT wholesale market to meet the reliability needs
during a range of extreme weather conditions and net load vanability scenanos. E3 performed a
quantitative and qualitative review on a range of proposed market designs that were discussed in
Project No. 52373, Review of Wholesale Efeciric Market Design, and produced the attached
report titled Assessment of Market Reform Options 1o Enhance Reliability of the ERCOT
System (herein, “Report™).

Throughout the development of the Report, E3 worked collaboratively with Commissioners and
PUCT staff. E3 developed the parameters of each of the imtial designs consistent wiath the
principles anticulated in the Blueprint, modeling assumptions, sensitivities for projections, and
advanced design features based on Commissioner feedback.

Each core design that E3 evaluated in the Report was discussed publicly by the Commission
during min¢ public work sessions. The PUC heard from stakeholders for over 35 hours of public
testimony and has reviewed more than 300 wnitten submissions on these designs. One design
proposal that emerged from this process is described in E3’s Report as the Performance Credit
Mechanism (PCM). The PCM design is a hybrid and has elements similar to the Load Serving
Entity Reliability Obligation but introduces features that may be more consistent with ERCOT
market principles such as earned accreditation rather than an upfront administrative process.



Given that the Commission has not previously taken comment on the PCM design, PUCT Staff
believes feedback from the public and market participants would be particularly instructive to the
Commission’s deliberations. Specifically, Staff recommends that the Commission open a
new project to review E3°s Report and request written comments as provided in
Attachment A to this memao.

Motably, based on PUC 5taff's review, the PCM design fulfills the requirements of Senate Bill 3
to meet the reliability needs of the ERCOT power region while also accomplishing the principles
of a load-side reliability mechanism as defined in Phase 11 of the Blueprint and outlined below,

Senate Bill 3 objectives

Objective: Determine the quaniity and characteristies of generation resources necessary o
enstre refiability during extreme weather conditions during times of low non-dispatchable
Jaresluction.,
= Setting a reliability standard of 1-in-10 loss of load expectation (LOLE) establishes
sufficient reserves at all times.
* Compensating resources up to this standard sends market signals that incentivize new
dispatchable generation to be built.

Objective: Procure generafion resowrces on a compelitive basis te ensre reliability during
extreme weather conditions and during times of fow non-dispatchable power produciion.

e Awarding Performance Credits (PCs) strictly to generation resources that commit and
perform during the hours of highest reliability risk ensures that the most reliable
resources receive financial compensation.

* Requiring Load Serving Entities (LSEs) to procure PCs up to the reliability standard
creates financial certainty that encourages new dispatchable generation to be built making
the system more reliable.

Objective: Develop appropriaie gualification amd performance requirements for providing
reliable gemeration,
» Compensating generation resources that fulfill a commitment to the forward PC market
with performance during the hours of highest reliability risk incentivizes participation by
reliable dispatchable resources,

Objective: Size and secure generation resources fo prevent prolonged, rotating ouwtages due fo
high demand and fow supply scenarios.
o Compensating reliable dispatchable generators incentivizes the entrance of new
dispatchable generation and ensures sufficient reserves to meet the 1-in-10 LOLE,

Principles from the Blueprint for a Load-Side Reliability Mechanism

Principle: (Xffer rewards and provide robust peialiies.
» Rewarding generation resources that offer into the forward PC market and are available
during the hours of highest reliability risk financially incentivizes reliability.
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s Assessing resources based on actual performance ensures consistent generation
availability duning critical hours.

o The PCM financially penalizes resources that fail to meet their commitment during the
hours of highest reliability risk

Principle: Build on ERCOT s existing framework.
* The PCM rewards generation resources for performance in the ERCOT real-time market
and maintains current operations while providing an additional financial incentive that is
centrally cleared through ERCOT to ensure transparency.

Principle: Be self-correcting,

e The PC value is based on the number of credits generated when generation resources both
commit and perform during the hours of highest reliability risk which creates a traditional
supply and demand market dynamic.

* Incorporating a sloped demand curve into the residual PC market stabilizes price
volatility for credits as supply varies relative to the LSE procurement requirement needed
to meet the reliability standard.

Principle: Have clear performance standards.

o Allowing generation resources to earn PCs only if they offer into the voluntary forward
market and are subsequently online and available for dispatch during the hours of highest
reliability sk incentivizes reliable and consistent performance

o  Aligning the hours PCs are generated with the net peak load hours, or the hours when
wind and solar are at their lowest production, prioritizes compensation for generation
resources available during those hours.

Principle: Be dyramic in size.
s Requiring L5Es to procure credits up to an administratively set reliability standard allows
for adjustments if needed.
o The PC market can be assessed monthly, seasonally, or annually to ensure reliability
wear-round

Principle: Provide a forward price signal
o  Awarding PC revenue 1o generation resources through a voluntary forward market
creates predictable revenues for dispatchable resources that can perform in dynamic grid
conditions.

Principle: Value resowrces based on capability.
¢ [Incentivizing generation resources to respond to energy demand on the ERCOT system
priontizes compensation for the resources most responsive to system needs,

Principle: Fstablish standards that can be regnlarly tested.
# Evaluating resources based on availability during a set number of hours with the highest
reliability risk creates a clear benchmark.

Principle: He proportional to sysiem need.
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o Allocating LSE PC requirements based on actual usage during the hours of highest
reliability nisk sets the scale and eliminates the need for forecasting.

Principle: Be compatible with FERCOT s competitive retail eleciricity market.
o Building a transparent, centralized PC market run by ERCOT provides LSEs the ability
to voluntarily purchase credits ahead of the actual allocation.
* Allowing LSEs to hedge against an ex-post allocation by purchasing PCs in the voluntary
forward PC market supporis competition.

Principle: Fosure market power concerns are miligated,
o  Centrally cleanng the PC market at ERCOT allows for transparency for all market
participants and monitoring by the Independent Market Monitor (IMM),

Attachments
A - Draft Notice of Request for Public Comments
B - E3's Assessment of Marker Reform Opgions to Exiance Reliabifity of the ERCOT System
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PUBLIC UTILITY COMMISSION OF TEXAS
PUBLIC NOTICE OF REQUEST FOR COMMENTS

PUC PROJECT NO. 54335
{STAFF RECOMMENDATION)

REVIEW OF MARKET REFORM ASSESSMENT PRODUCED BY ENERGY AND
ENVIRONMENTAL ECONOMICS, INC. (E3)

In May 2022, the Public Utility Commission of Texas (commission) coniracied Energy and
Environmental Economics, Inc. (E3) for consulting services related to analysis, development,
and implementation of market design and market structure changes in Electnc Reliability
Council of Texas (ERCOT) wholesale market. E3 performed a quantitative and qualitative
review of a range of proposed market designs and produced the repon titled Assessment of
Market Reform Options to Enhance Reliability of the ERCOT System. The commussion
requests comments on questions regarding Project No. 54335, Neview of Marker Neform

Assexsment Produced by Energy and Environmenial Economics, Inc. (E3)

Comments may be filed through the interchange on the commission’s website or by submitting
a paper copy 1o Central Records, Public Utility Commission of Texas, 1701 North Congress
Avenue, P.O. Box 13326, Austin, Texas 78711-3326 by NOON on December 15, 2022 All
comments should reference Project Mo, 54335, Comments are limited to 25 pages. Each set
of comments should include a standalone executive summary as the last page of the filing
This executive summary musi be clearly labeled with the submitting entity’s name and should

list each substantive recommendation made in the comments.

1. The E3"s report observes that the PCM has no prior precedent for implementation, does

this fact present a significant obstacle to its operation for the ERCOT market?



Tk

Would the PCM design incentivize generation performance, retention, and market
entry consistent with the Legislature’s and the commission's goal to meet demand
during times of nét peak load and extreme power consumption conditions? Why or
why not?

What is the appropriate reliability standard to achieve the goals stated in Question 27
Is 1-in-10 loss of load expectation (LOLE) a reasonable standard to set, or should
another standard be used, such as expected unserved energy (EUE). If recommending
a different standard, at what level should the standard be set (e g, how many MWh of
EUE per year)?

The E3 repont examines 30 hours of highest reliability risk over a year. 1s 30 the
appropriate number of hours for this purpose? Should the reliability nsk focus on a
different measure?

Owver what period should the hours of highest reliability risk be determined? A vear, a
season, a month, or some other interval? At what point in time should that
determination be made?

Would a voluntary forward market for generation offers and a mandatory residual
settlement process for LSE procurement provide additional generation revenue
sufficient to incentivize resource availability in a way that improves rehability?

Does a centrally cleared market through ERCOT sufficiently mitigate the risk of market
power abuse? Should additional tools be considered?

If the commission adopts a market design with a multi-year implementation timeline,
is there a need for a short-term “bridge™ product or service, like the Backstop Reliability
Service (BRS), to maintain system reliability equivalent to a 1-in-10 LOLE or another

reliability standard? If s0, what product or service should be considered?



4, If implementing a shori-term design as a “bridge™ delays the ultimate solution, should
it be considered? 1s there an alternative to a bridge solution that could be implemented
immeediately, wsing easting products, such as a long-term commitment 1o buy the
additional 5,630 MW of Ancillary services necessary to achieve the 1-in-10 LOLE
reliability standard?

10, What 15 the impact of the PCM on consumer costs?

11. What is the fastest and most efficient manner to build a “bridge™ product or service,
such as the BRS, in order to start sending market signals for investment in new and
dispatchable generation, while a multi-yvear market design 1s implemented by ERCOT?
Please provide specific steps

12. In what ways could the Dispatchable Energy Credit (DEC) design be modified through
quantity and resource eligibility requirements, e.g. new technology such as small
modular nuclear reactors, in such a way that it incentivizes new and dispatchable

generation?

Questions  concerning  this  project  should be referred o Ben Haguewood at
Ben Haguewoodi@puc texas gov, Deafl and hard of hearing individuals with text telephone

{TTY) may contact the Commission through Relay Texas by dialing 7-1-1.
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Glossary

+

1-Day-in-10-Years: Shorthand for a common electricity industry reliability standard that specifies
that an electricity system must have sufficient generating resources to serve load all but one day
every ten years. This standard is equivalent to 0.1 days per vear loss of load expectation,
Accreditation: The procoess by which a generating unit is assigned a value that quantifies its
contribution to system reliability. An accredited generator has Effective Copaocity [see definition
belaw].

Ancillary Services: The services necessary to support grid stability and security, including real-
time cperating reserves that maintain reliability despite expected and unexpected fluctuation in
system demand and supply.

Backstop Resources: Resources that are held in reserve by ERCOT lie., not active participants in
the electricity market) and are utilized to maintain reliability if needed due to insufficient other
resources,

Bilateral Procurement: Procurement executed through individual contracts between a generator
and an L5E.

Capacity Factor: The ratio of the electrical energy produced by a generating unit for the period
considered relative to the electrical energy that could have been produced at continuous full
power operation during the same periced,

Centralized Procurement: Procurement executed through a centralized auction for all supply and
demand in the market,

Cost of New Entry (CONE): The levelized all-in cost of a new resource, including capital
expenditures, financing costs, and fized operations and maintenance. This total cost is often
normalized by generator capacity (kW] and then amortized over the life [years) of the resource
into a final metric of “dollars per kilowatt per yvear” (5/kW-yr). In this study, CONE is used primarily
in reference to the marginal capacity resource [calculated through modeling to be a natural gas
combustion turbine).

Cost of Retention: The levelized go-forward costs of an existing resource. In this study, the value
refers to the levelized go-forward cost of the reference marginal retention resource [coal).

Demand Response: Reductions in electricity consumption by consumers in response to economic
signals, with the goal of reducing usage during high reliability risk hours.

Dispatchable Energy Credit (DEC): A credit that is generated when energy or ancillary services are
produced/provided from an eligible dispatchable resource. In this study, an eligible dispatchable
resource must be able to start in 5 minutes or less, have [ess than a 9,000 Btu/kWh heat rate, and
be able to dispatch continuoushy for 48 hours or more,

Equivalent Forced Outage Rate on Demand (EFORd): Measure of the probability that a
generating unit will be forced offline [not be available due to forced outages or forced derating)
when there is demand on the unit to generate; This is an input in reliability modeling and an
important determinant of a resource’s Effective Capacity.

Azsessment of Market Reform Options (o Enhance Refiabdity of the ERCOT System i
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+

Effective Capacity: A measure of a generating unit's expected availability during hours of highest
reliability risk [typically aligned with hours of peak net load); this metric can be reported in MW
or %, where the % value is calculated by dividing Effective Capacity MW by Maximum Capacity
MW, Because no resource is perfect [ie., available at its Maximum Capacity in all howurs), all
resources have an Effective Capacity of less than 100%.

Effective Load Carrying Capability (ELCC): A specific methodological approach to calculating a
resource's Effective Capacity. The ELCC of a specific resource is caloulated as the guantity of
perfect capacity [MW)] required to yield the same level of system reliability as the specific resource.
For example, if an electricity system with 50 MW of a perfect resource yields the same level of
reliability as an electricity system with 100 MW of battery storage, then the ELCC of battery
storage is 50%.

Expected Unserved Energy (EUE): A reliability metric that provides the total quantity of energy
per year (MWh/year) that the system is expected to not be able to serve due to insufficient
PESQUIrCEs,

Ex-ante: Calculated in advance of actual system conditions based on a forecast,

Ex-post: Calculated after actual system conditions based on actual data.

Forced Qutage: The shutdown condition of a generating unit when it is unavailable to produce
electricity [ offline due to an unexpected breakdown,

Forward Market: A market where a product is transacted in advance and actual creation/delivery.

Generation Stack: A ranking of generating rescurces from lowest dispatch cost to highest dispatch
cost to determine the order in which resources will dispatch to minimize total system costs. This
is equivalent to the short-run energy supply curve.

Independent Market Monitor (IMM): An organization or individual retained by an 150 to evaluate
the performance of the markets and identify conduct by market participants or the 150 that may
compromise the efficiency or distort the outcomes of the markets.

Independent System Operator (150): an organization that coordinates, controls, and monitors
the electric grid in a specific geographical, sometimes multi-state region; Texas' 150 is ERCOT,
Load: The amount of electricity that is being consumed in a given electrical system.

Load-Ratio Share: The share of total system load that a specific LSE is responsible to serve, for a
specific point in time.

Load Serving Entity (LSE): An entity that procures electricity from the ERCOT market and supplies
electricity to individual customers,

Loss of Load: An event when the available electricity generation capacity (electricity supply] is
lower than and therefore cannot meet the system load (electricity demand), requiring the system
aperator to interrupt electric service to a subset of customers.

Loss of Load Expectation (LOLE): This metric provides the total number of days per year
{days/year] that the system is expected to have loss of load of any size or duration. This metric
measures the number of days that have any quantity of loss of load. For example, a day with 1
howur or a day with 23 hours of lost load would bath count as "one day™ toward this metric,

Msssesaiment of Market Reform Options to Enhance Refiabdity of the ERCOT System il
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+ Loss of Load Hours (LOLH): This metric provides the total number of hours per year (hours/year)
that the system is expected to have loss of load.

+ Loss of Load Probability (LOLP): This probability that the system is expected to have loss of load
during a specified time period.

+ Margins: The net revenues received by a generating unit, which are calculated as total revenues
minus total variable costs, Margins contribute toward fixed cost recovery, including capital
expenditures and fixed operations and maintenance costs.

+ Market Power: The ability of a market participant to influence the price of a product by
manipulating either the supply or demand of the product to increase economic profit.

+ Missing Money: The additional money that a generator needs beyond what it earns in the energy
and ancillary services market to recover its upfront capital expenditures and fixed operations and
maintenance costs.

+ Operating Expenses (Opex): The ongoing {not fixed] cost of operating a generating unit. These
include costs such as fuel and variable operations and maintenance expenses.

+ Operating Reserve Demand Curve (ORDC): An administratively-determined function used to
increase the real-time price of energy and ancillary services in the ERCOT market based on the
quantity of available real-time operating reserves.

+ Peak Load (equivalently, Peak Gross Load): The maximum total electricity demand in a system in
a specified time period (usually a year).

4+ Peak Net Load: The maximum total electricity demand in a system during a specified time period
{usually a year], net of wind, solar, and storage generation.

+ Planned Outage: The shutdown condition of a generating unit when it is unavailable to produce
electricity / offline due to a deliberate decision, such as planned maintenance.

4+ Price Cap: A form of economic regulation that establishes an upper limit on the prices that an
entity can offer to sell a specific product.

+ Reliability Resource: A resource that provides value to a system by contributing to system
reliability requirements.

+ Renewable Energy Credit (REC): A credit that is generated when energy is produced from a
renewable resource, including but not limited to wind and solar.

+ Renewable Portfolio Standard [RPS): A regulation that sets a requirement on the annual amount
of energy production from renewable resources, including but net limited to wind and solar.

+ Settlement Process: An exchange of a product/service where the seller transfers the
product/service and the buyer transfers the payment.

+ Technology-MNeutral: & characteristic of a market design that values all generating units based
salely on their capabilities, regardless of the underlying technology of each generating unit.
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1 Executive Summary

This report provides an independent assessment of potential long-term market design reform options to
promote the supply of dispatchable generation and focus on reliability as outlined in Phase Il of the
“Blueprint” published by the Public Utility Commission of Texas (PUCT) in December 2021." Under the
direction of the PUCT and its 5taff, the consulting team of Energy and Environmental Economics (E3) and
Astrapé Consulting (*the Consulting Team") developed and analyzed six specific market design options,
listed in Table 1 below, and compared the impacts of each against a status quo Energy-Only market design,

Table 1. Overview of Market Designs Analyzed

Market Design

Description

Erergy=0nily
|Status Quo)

Load Serving Entity

Relisbility Obligation:

LSERD

Forward Reliabifity
Market: FRM

Performance Credits
Mechaniom:
P

Backstop Reliability
Service:
BRS

Dispatchable Energy
Credits:
DEC

Dispatchable Energy
Credits + Backstop
Raliability Service:

DHEC/BRS Hybrid

# Preserves sdisting energy-ondy and ancillary sendios market design as is (no explicit relizhility
standard]

L |I'|I'.'-|}1'|H|'I"-BTE§- T]'IE' Implementahnn I!If I.I'IE' Hﬁ.l!'l]l‘Tﬂl g F'I'I-il-l! | E'-I'IHE‘II'.‘EI'I'I:EI'ITE-

3 E‘.tat-lls,hﬁa rellablllh.r ita-ndard an-d L:Fenti'f-EE l;h»e mrrupurldln: quanllw:rfmllahlhw uedlts—
assignad to resaurces wsing rearginal ELCC = that are nesded to meet that standard

# Requires each L5E to pracure reliability credits from generators bilaterally to meet its share of the
total systerm requirement based on forecasted pro-rata consumption during hours of highest
rediability risk

= Establishes a reliability standard and identifies the corresponding quantity of reliability credits -
assigned ta resources wsing marginal ELCC — that are needed to meet that standard

# Creates a mandatory, centrafly-cleared forward market for reliabélity credits admintsterad by
ERCOT that clears based on a sloped demand curee, with cost allpcation to LSE based on pro-rata
consumpiion durlni: hnuri n[ hl:hest relnihllh'gl risk

& Establishes a rl-llihlllh.l inndard -Iru:l a l:nrresp-undlng ql.unt:nl nf performance :redhﬂh::»] 'Ihat
must be produced during hours of highest reliabity risk to meet this standard

= Establishes a retraspective settlement process through which PCs are swarded bo resaurces based
on availability during haurs of highest risk and purchased by LSEs according 1o their load-ratio
share during those same periods at & price determined by an administrative demand curve

+ Allows generators and LSEs to trade PCs in a voluntary forward market; participation in the
foreard market is reguired for generators to guadify for the retrospective settlement process .

= Authorizes ERCOT to procure backstop resources sufficient to maintain a reliability standard
based on a forward-logking assessment

* Backstop resowrces are degloyed Last in the bid stack to aveid impact on day-ahead and real-time
energy & ancillary service prices 1o help avoid emergency canditions in system reliability

= Allocates cost of backstop procurement to LSEs based on pro-rata consumption during haurs of
highest refability risk

= Requires each L5E to procure dispatchable energy credits (DECs] from eligible resources at a
guantity equal to 2% of its annual energy [MWh] load

& DECs can be generated by resources with & S5-min startup teme, below 9,000 Biu/KWh heat rate,
and 48-howr duration that ckear in enedfgy & ancilary service markets between 610 pm in any day

s This design merges the DEC and BRS design

b hitpsYinterchange pug, eeas govDocurnents 53373 336 1180035 POF,
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1.1 Methods and Assumptions

The warious market design reforms evaluated in this study will introduce new requirements, market
products, and settlement processes to ERCOT's energy-only market. By altering the revenue streams
available to generators, each design will impact the choices made by power producers to invest in new
resources and maintain and operate existing ones, resulting in changes to the composition of resources
on the grid, the corresponding level of reliability provided to ERCOT consumers, and the costs for which
they are responsible.

To quantify these impacts, this study analyzes each design under a condition of “market equilibrium,”
meaning that the mix of generation resources on the system are adjusted to account for the expected
market response to the economic signals introduced by each design. This assumes that market
participants respond to the specific incentives introduced by each market design by investing in new
generation or retiring existing generation to maximize profits. This assumption of market efficiency
ensures that all market designs are evaluated on a consistent basis, Figure 1 provides a graphical overview
of the study approach,

Figure 1. Overview of Study Approach

Establish a scenario that reflocts Layer alternative market designs Calculate ey performance metrics
today’s energy-only market design on top of energy-only scenario for each scemario
in market equilibrium by 2026 and re-establish eguilibrium 1. Aesoarce enirghsl

T e Relfabilisy
1. Tyt Dol

S ©

E3 subcontracted with Astrapé Consulting to use the Strategic Energy & Risk Valuation Maodel [SERVM)
to simulate the outcomes of the ERCOT energy and ancillary services markets for each design. This madel
has been used extensively by ERCOT in prior reserve margin studies, This study used a proprietary version
of the model that Astrapé has developed for ERCOT to perform the Estimation of the Maorket Equilibrivm
and Econemically Optimal Reserve Margins for the ERCOT Region for 2024°. Several key updates were
made to accommodate current and future states; most significantly, changes to natural gas prices,
expected loads, and expected resource entry/exit for 2026,

All market designs [Energy-Only and market design reform proposals) are anabyvzed indusive of Phase |
reliability reforms that were approved by the PUCT in December 2021, These reliakility reforms include;
maodifications to the operating reserve demand curve [ORDLC), creation of a firm fuel product, accelerated
implementation of the new ERCOT Contingency Reserve Service (ECRS) ancillary service product,
implementation of reforms to the Emergency Response Service [ERS), and implementation of a new Fast

¥ hatpsfwownws erogt oom Mles/docs {202 10152000 ERCOT Reserve Margln Study Report FINAL 1-15-300 3041
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Frequency Response Service (FFRS). Thus, this study measures the impact of additional market design
refarms relative to the Phase | reforms.

The analysis in this study focuses on the snapshot year of 2026, a near-term year that was intentionally
selected by the Consulting Team as 1) near-term encugh that there is relative certainty about expected
loads and resources but 2) lonmg-term enough that any potential market design reform could be
implemented,

Regarding expected 2026 load, the Consulting Team assumed a total annual load of 470 TWh, based on
ERCOT's 2022 Long-Term Hourly Energy Forecast Study.” This total electricity consumption represents a
20% growth from ERCOT's actual load in 2021 (393 Twh).*

The resource portfolios for each market design, summarized in Table 2, include three categories of
resouroes:

1. 2022 existing resources: all existing resources based on the J02XF Seasonal Assessment of
Resource Adeguacy [SARA) report are included in each portfolio.

2. CDR additions and retirements: based on direction provided by PUCT, all portfolios include
planned resource additions and retirements between 2022-"26 from ERCOT's May 2022 Capacity,
Demand and Reserves (CDR) report.” The COR report shows significant quantities of renewables
and energy storage added to the system over this period.

3. Equilibrium adjustments [design-specific): Equilibrium is achieved by adjusting the quantity of
coal and natural gas resources under each design such that the net margins earned by the
marginal capacity resource across all potential market products [energy, ancillary sendces, or
other new market products If applicable) are equal to its cost of new entry (CONE)." This study
finds that the marginal capacity resource is a natural gas combustion turbine {CT), meaning this is
the most economic source of incremental capacity.” These equilibrium adjustments are an

output from, rather than an input to, the analysis, and the quantity of adjustments varies by
design.

4 This ipproa-:h of adpu:tlnl L‘r -:apan:lw yields a parual equlllbrlurn mm naipe-rt to ien-erit-u-n -:a-pa-:-w and rellabllity outopmaes,
A trse equilibrium would adjust the quantity of each resaurce based on its net profits; however, achieving a true eguilibrium
would reguire a substantial amount of additional modeling effort and was bevond the scope of this study.

T The Consulting Team alio analyzed a sensitivity to evaluate an alternative equilibrium perspective based on a generating unit's
“lowwe cost of retention® (net margins required to keep the unit online and cperating] instead of a “cost of new entry” (net
margins required to buld a new unit).

Msssesaiment of Market Reform Options to Enhance Refiabdity of the ERCOT System 3



Total Installed et COR Additions Total Installed

Equilibrium

Resource Type :."n-urr!l'ni.'r & Retirements, Adjustments SU imEr |:.h|:li:l|.'_ll'.'-.
Capacity, 2022 2026
Muclear 4873 4,973
Coal 13,568 Adjr:usrments.mr}' _Tntnﬁrn.r}r llr |
Natural Gas 48,479 375 by market design market design
I-h,-dm i ¥ = : e
Biomass 163 : ' 163
Wind 35.210 5,354 40,605
Salar 11,992 + 17,335 3:9..3';1
Battery Storage 2014 +5,397 7411
Other [2] 12,134 - - 12,134
Notes: '

1 372 MW represents SERVINVT S Bverage expectsd fydro Summear capacity over the &0 weather years based on the 572 MW of
nameplate capacity in ERCOT ™S CDA repart.

2. “Other” category includes: reserve shed (2,000 MW, emergency gen (470 MW], emergency response service (925 MW,
pawer balance penalty curve {200 MW, load resources (1,591 MW, TED service providers (287 MW], private wse networks
14,262 MW, 4 coincident peak (200 MW), and price responsive demand {1,500 MW,

Each market design reform option is evaluated quantitatively and qualitatively.” Quantitative results
include:

1. Resource entryfexit {MW)
2. Reliability
a. Loss of load expectation [LOLE)
b. Loss of load hawrs [LOLH)
€. Expected unserved energy [EUE)
3. System costs (5 per year)

In addition to the quantitative metrics listed above, E3 evaluated each market design along a number of
qualitative metrics: market power risk, market competition and efficiency, implementation timeline,
administrative complexity, real-time performance incentives and penalties, ability to address extreme
weather events, cost and revenue stability, load migration, demand response, and prior precedent. E3
used a simple "stoplight” scoring process where red indicates concern, green indicates no concern, and
yellow is neutral. The qualitative categories considered are based on stakeholder and PUCT comments
and represent E3's independent view.

# The LSERD and FRM are assumed to perform ientically in the guantitathee analysis, since the theary and economic signals are
the same. The difference betwean the propasals is that the FRB has a mandatory forward auction whereas the LSERD relies
o a bilateral market. Both markets would achieve the same equilibriven in an eHicient market; the key analytical distinctions
betwean the two are therefore qualitative and refated to which design 5 maore likely to approach market efficiency In
practe.
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1.2 Analytical Results

A summary of key system portfolio changes, reliability, and costs under Base Case assumptions is provided
im Figure 2 below.

Figure 2. Summoary of Quantitative Results for Bose Case

1B 1%
@m---.-

20
= 140 s 5, 550 MW
E 14N 'E RTET :
= 15
guo | ]
= 1.0
- =
2 §
40 as
0
1] ' ' 0o
In-ll-rlr I.I-Hﬂ‘ H.'-l-l BR% Enepy- LSERORE  POM BRS DIC  DEC/BRS
FRM H.-um Only  FRM Hyburid

System Costs

' Entigy = Aiillary Services ® Rellabilny Credit ®RC ®mBRS

System Cost Variability [1
A

30
- E M
E 3 773 228 228 227 28 131 i -
E _— — é
§ 0 | | = ;
-uEn
Eih | . - | E —_— SN
2 = 30 [
A 10
| .
-
:f : E i
o e i
Dmargy- LSIROE  POMA ERE BIC DDLTRES Inergy- LHROE  PCWA BRS OIC  DIC/BRS

Oy FRM Hiylarid Only FiE Hyleriad

¥ L=

4+ LUnder equilibrium conditions, the 2026 Energy-Only design results in a portfolio with a loss of
load expectation of 1.25 days per year, far abowe the commaon industry standard of 0.1 days per
year. Due to the significant level of renewable and storage additions assumed in the Base Case,
the Energy-Only design results in the exit of 11,260 MW of coal and natural gas generating
capacity. This design has a projected 2026 total system customer costs of 522.3 billion per year,

4+ The LSERD, FRM, and PCM designs result in an incremental 5,630 MW of natural gas capacity
relative to the Energy-Only portfolio. This improves loss of load expectation to 0.1 days per year
at an incrermental cost of 5460 million per year.

+ The BRS design results in an incremental 5,630 MW of natural gas capacity relative to the Energy-
Only portfolio. These BRS resources are held in reserve by ERCOT at an incremental cost of 5360
million per year, resulting in an improvement of loss of load expectation to 0.1 days per year.

iggesermant of Market Reform Options to Enhance Rehabadity ol the ERCOT System



+ The DEC market design results in a reduction of aggregate natural gas generation since new DEC-
eligible respurces leads to the eyit of non-DEC-eligible natural gas generation, This increases loss
of load expectation to 2.03 days per year. The increase in scarcity pricing and cost of the DEC
product increase costs by 5490 million per year.

+ A market design combining the DEC and BRS designs achieves a loss of load expectation of 0.1
days per year at an incremental cost of $920 millian per year.

4+ L5ERD and FRM market designs decrease annual variability of natural gas CT margins to within
the range of SB3/kW-yr (10" percentile) to 5124,/kW-yr (90" percentile), a significantly narrower
band than the Energy-Only design, which yields CT margins generally within the range of $0,/kW-
i to 3260/kW-yr,

A more detailed breakdown of system costs by component is provided Table 3 below.

Table 3. System Costs by Category for Bose Case

Energy-  LSERO & . - DEC DEC/BRS
Cnly FR M Hyhbirid
| Energy & Ancillary Services $22.33 $17.12 | 517.12 $22.33 52267 $22.67
| Reliability Credits | ss87 | - | - '
Performance Credits > = | 55.67 ; 3
Backstop Service #0.36 5043
| Dispatchable Energy Credits | 5015 |  $0.15
| Total System Cost $2233 | Sam8 $22.79 | 52269 | S2282 $23.25
Incremental Refarm Cost = #5046 +50,46 +50,36 +50.49 +50.92

1.3 Sensitivity Analysis

In addition to evaluating each market design under the assumptions described above, the Consulting
Team also amalyzes each market design under "High Remewable™, “High Gas Price”, and “Low Cost of
Retention Equilibrium"” sensitivity scenarios to understand how robust the performance of each market
design is to future key uncertainties,

A summary of key reliability and costs results under key sensitivity tests are provided in Figure 3 below,

+ The “High Renewable” sensitivity increases total renewable, storage, and demand response
capacity in the system. This sensitivity yields a similar reliability to the Base Case in the Energy-
Only scenario [1.31 days per vear loss of load expectation), and the same target reliability [0.1
days per vear loss of load expectation) for the LSERD, FRM, PCM, and BRS by design. System costs
decrease across all design options because of reduced energy cost of renewable resources, but
the relative incremental costs of each market design reform remain directionally stable [LSERO,
FRM, and PCM increase costs by 5370 million per year while BRS increases costs by 5420 million
peEr year).

+ The “High Gas Price” sensitivity doubles the natural gas price. This sensitivity yields a similar
reliability to the Base Case in the Energy-Only scenario (1.36 days per year loss of load
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expectation), and the same target reliability (0.1 days per vear loss of load expectation) for the
LSERD, FRM, PCM, and BRS by design, System costs increase across all design options because of
higher fuel prices, but the relative incremental costs of each market design reform remain
directionally stable (LSERD, FEM, and PCM increase costs by 5530 million per year while BRS
increases costs by $380 million per year).

A change in the perspective of market equilibrium where resources only need to cover a go-
forward "Low Cost of Retention™ of 550/kW-yr instead of “Cost of New Entry” of $93.5/kW-yr
significantly improwes reliability in the Emergy-Only scenario relative to the Base Case with a loss
of load expectation of 0,47 days per yvear, System costs decrease across all design options because
of lower plant go-forward costs, but the relative incremental costs of each market design reform
remain directionally stable ({LSERD, FRM, and PCM increase costs by 5490 million per year while
BRS increases costs by 5290 million per year).

Figure 3. Summary of Quantitotive Results Under Sensitivities
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1.4 Key Findings

B Key Quantitative Findings

+ ERCOT's current energy-only market structure does not target a specific reliability standard,

3 appid l"'r'l 1 5".'!\."-' - aldlel R el r-'l'."l i i:': BRIy € ine :- 5 :

leading to a system that does not provide sufficient revenue to resources to achieve the common
reliability standard of 0.1 daysfyr LOLE. While today's system appears to be close to the 0.1
daysfyr benchmark, under market equilibrium conditions in 2026, the Energy-Only [status qua)
design results in an LOLE of 1,25 days/yr.

There are multiple market mechanisms that can provide the additional revenue needed to achieve
higher levels of reliability due to incentives for more dispatchable resources. The Load Serving
Entity Reliability Obligation [L3ERD), Forward Reliability Market [FRM), Performance Credit
Mechanism (PCM), and Backstop Reliability Service (BRS) designs each improve rellability relative
to the Energy-Only design, based on the specified LOLE standard of 0.1 days per year. These
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mechanisms result in substantially similar incremental costs, representing approximately 2% of
total system cost,

4+ While the LSERD, FRM, PCM, and BRS designs yield similar expected total costs, their impacts on
cost voriohility — the potential for costs to vary year to vear based on actual system conditions —
are significantly different. The L3ERD, FEM, and PCM market designs reduce the variability of
annual system costs by transitioning from a design that is dependent upon uncertain scarcity
pricing to a design that has more stable price signals. By contrast, the BRS design seeks to preserve
the volatility characteristic of today's energy-only market.

+ The dispatchable energy credit (DEC) mechanism does not vield a material improvement in system
reliability and increases system cost, This design rewards resources that enter the market in
response to the DEC requirements, in turn reducing revenues to non-DEC-eligible resources. This
increases the likelihood that resources that cannot meet the eligibility criteria for DECs will exit
thie market.

+ The relative cost and reliability impacts of each market design remain stable across the “High
Renewables”, "High Gas Price”, and "Low Cost of Retention™ sensitivities, indicating that the
relative results are robust to a number of key uncertainties on the 2026 system and beyond.

B Key Qualitative Findings

+ The LSERD and FRM designs provide market mechanisms to achieve a designated reliability
standard through investment In new resources and/or retention of existing ones, The designs also
include performance penalties which provide resources with strong incentives to perform in real
time. Generator revenues are more stable over time relative to the Energy-Only design, which
may result in lower financing costs. Both designs require complex ex ante resource accreditation
mechanisms and long implementation timelines, These designs are equipped to deal with
extreme weather events to the extent they can be reflected accurately in the maodeling that is
performed for reliability need determination and resource accreditation. These designs preserve
strong signals for demand-side resources to contribute to reliability, and both designs have
significant pricor precedent in other U5, electricity markets.

+ The LSERD may be perceived as presenting a risk of allowing generators to exercise market power
and challenges to address cost shifts related to load migration that occurs after the cose of the
forward compliance period. The FRM addresses both of these concerns through (1) the ability of
the independent market monitor (IMM] to mitigate generator bids into the centrally-cleared
market, and [2} an ex post allocation of reliability credit costs among L3Es based on actual
consumption during critical hours.

4+ The PCM design has similar characteristics to the LSERO and FRM but has slightly less complexity
because it avoids the need for forward-looking resource accreditation. However, generator
revenues are less stable than under the LSERD and FEM. The PCM is also less able to reflect
infrequent extreme weather conditions because it is assessed each year based on actual
conditions that may not reflect any extreme weather.

+ The BRS design constitutes the smallest change to the existing market framework by largely
presemving the current energy-only market dynamics and all of the generator incentives that exist
imit, including scarcity pricing and the operating reserve demand curve (ORDC). It has low risk of
market power and the shortest implementation timeline of any market design that was studied.

Msssesaiment of Market Reform Options to Enhance Refiabdity of the ERCOT System &
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Because BRS resources would only be allowed to participate in the energy and ancillary service
markets after all generation in ERCOT s exhausted, this limits the competitive market mechanism
of this design and results in scarcity pricing when there is not true scarcity on the system. The BRS
may also not be consistent with the principles of a competitive market, since it holds generation
out of the market and market participants have no ability to avoid the BRS costs through their
OWN resource procurement decisions.

4+ The DEC design presents a low and addressable market power risk as well as moderate complexity
and potential implementation timeline. However, the DEC design provides for wery limited
competition among resource types, little incentive for real-time performance during the hours
that matter most, and little ability to address risks related to extreme weather events.

1.5 E3 Recommendation

The PUCT requested E3 to provide a recommended course of action for ERCOT market design reform from
armong the options presented in this report. E3%s recommendation, described in more detail in the body
of the study, represents E3's independent view and does not necessarily represent the views of the PUCT
Commissioners, PUCT 5taff, or E3's subcontractors Astrapé Consulting. Under guidance of the Blueprint,
E3 did not consider the existing energy-only market structure as a candidate for our recommendation.

Based on the analysis conducted in this study and ocur broader experience in market design, E3
recommends that ERCOT implement a Forward Rellability Market (FRM) market design. Multiple market
designs evaluated in this study appear capable of providing an improvement in market signals to ensure
reliability in the ERCOT market. The L3ERO, FEM, PCM, and BRS designs each vield improvements in
reliability under equilibrium conditions at similar incremental costs relative to today’s energy-onky design.
Accordingly, the choice of a recommendation among these designs is, in many respects, a decision to be
made on qualitative factors and which design is perceived by the PUCT and stakeholders to be the best fit
wiith Texas' competitive retail and wholesale markets. E2 believes that the creation of a forward reliability
product as envisaged by the LSERO or FRM offers a more suitable fit for the market. This belief stems from
the following criteria:

+ Out-of-market reliability solutions — such as the BRS — should be temporary

+ Implementation of the PCM entails significant risk because of its novelty

+ Reforms that require procurement of a forward reliability product provide more natural year-
to-year stability in market outcomes

The LSERD and FRM market reforms — which both create a forward reliability product — differ mainly in
the structure of the market; the LSERD requires individual L5Es to procure their share of total reliability
credits through bilateral contracting, whereas the FRM relies upon a centrally cleared auction to procure
the requisite quantity of reliability credits. Between these two structures, E3 finds the centrally cleared to
be a better fit for Texas' competitive market landscape for several reasons:

+ A centrally cleared market unlocks powerful tools for market power mitigation
=+ A centrally cleared market can be more easily integrated into Texas” dynamic retail market

Should the PUCT ultimately select the FRM as its preferred market reform, E3 recommends the following
specific steps in implementation:

Azsessment of Market Reform Options (o Enhance Refiabdity of the ERCOT System 9
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Develop a specific reliability standard

Implement marginal ELCC accreditation for all resources through a central process
Address extreme weather

Address fuel security issues

Implement a stringent performance assessment program

+ 4+ ++ +

Aszessrment of Market Relorm Options to Enhance Refabdity of the ERCOT Systermn



2 Introduction

In December 2021, the PUCT released a Phase Il Blueprint that commits to certain reforms in the ERCOT
market, namely the development of a load-side reliability mechanism, a backstop reliability mechanism,
or a combination of the two.” The Blueprint outlines a number of principles that should guide the design
of each potential reform, reproduced in Table 4 below.

Under the direction of the PUCT, E3 and Astrapé Consulting (“the Consulting Team™) analyzed six specific
market design reform proposals that are consistent with the mechanisms and principles outlined in the
Blueprint. Each market design is listed below and described in detail in Section 3, Description of Market
Design Alternatives.

Load-5erving Entity Reliability Obligation [LSERD)

Forward Reliability Market (FRM)

Performance Credits Mechanism (PCMW)

Backstop Reliability Service (BRS)

Dispatchable Energy Credits (DEC)

Dispatchable Energy Credits + Backstop Reliability Service [DEC/BRS Hybrid)

++++++

The study compares each market design to the current status quoe "Energy-Only" design. All market
designs | Energy-Only and reform proposals) are analyzed inclusive of Phase | enhancement directives that
were approved by the PUCT in Phase | of the Blueprint (December 2021). These enhancements include
maodifications to the operating reserve demand curve (ORDC), creation of a firm fuel preduct, accelerated
implementation of the new ERCOT Contingency Reserve Service [ECRS) ancillary service product,
implementation of reforms to the Emergency Response Service [ERS), and implementation of a new Fast
Frequency Response Service (FFRS). By incorporating the Phase | enhancements into this analysis, this
study measures the incremental impact of additional market design reforms relative to the Phase |
reforms.

The analysis in this study focuses on the snapshot yvear of 2026, a near-term year that was intentionally
selected by the Consulting Team as 1) near-term encugh that there is relative certainty about expected
loads and resources but 2) long-term encugh that any potential market design reform could be
implemented.

Each market design reform option is evaluated quantitatively and qualitatively. Quantitative results
include expected impacts on (1) resource entry and/or exit (MW), (2] system reliability (frequency,
duration, and magnitude of load shedding events), and [3) system costs (3/yr). The qualitative assessment
includes an evaluation of each market design reform option along several dimensions such as market
power risk and provision for competition. A number of additional design decisions are provided for each
design option, including pros and cons of each decision.

* hitos/finterchange pyc.texasgov/Docyments/52373 336 1180035 POF,
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LSERO, FRM, PCM, and DEC Principbes

+ Offer economic rewards and provide robust
penalties or alternative compliance payments
based on a resource's ability to meet established
standards [including penalty at cost of new enfry
for Both non-compliance of load and non-
performance of generation)

+ Bulld an ERCOT's existing Renewable Energy
Credit (REC) trading program framework or other
existing frarmework to the extent practicable

+  Beself-correcting lin a properly functioning
market, higher energy prices will incentivize new
supply and over time that sdditional supply will
drive energy prices back down to market
equilibrium)

#+ Hawe clear performance standards (incentivize
higher performance)

+ Sizing of the program must be dynamic (e, g.,
peak net load)

+ Provide a forward price signal to encourage
investment in dispatchable generation resources
+ Walue ar qualify resources based on capability

+ Establish standards that can be regularly tested or
certified upon the start of commercial operation
+ Be proporticnal to the system need, with dynamic
pricing and sizing to ensure reliability needs are
miet without over-purchasing reseres

! 4+ Be compatible with ERCOT's robust competitive

retall electricity market that provides cholce for
CONSUMErs

+ Ensure market power concerns are mitigated,
edpecially regarding electric generation
companies that alsoe serve retail customers, so
that competition and innavation will continue to
thrive in the ERCOT market

BRES Frinciples

Ba sized on a dynamic, flexible basis to meet a
specific reliability need (e, seasonal net load
variability, low-probability/high-im pact scenarios)
Include new and existing acoredited dispatchabla
generation resources that are seasanally tested
and able to meet specific minimum and maximum
start-time and duration requirements

Include robust non-performance penalties and
clawback of payment for noncompliance

Deploy generation resources in a manner that
does not negatively impact real-time energy
prices {i.e,, the deployed generation resources
will truly serve as a backstop)

Provide a forward price signal through an annwal
procurement on a seasonal basis to encourage
investrnent in dispatchable generation resources

Include cost allecation to load based on a load
ratio share basis that is measured on a colncident
nit-peak nterval basis

Be developed through a framework that would
alloww maximum expedited implementation by
ERCOT

Be analyzed in conjunction with other long-term
market design enhancements



3 Description of Market Design Alternatives

Under the direction of the PUCT, the Consulting Team analyzed six specific market design reform
proposals that are consistent with the mechanisms and principles outlined in the Blueprint,

Load-Serving Entity Reliability Obligation (LSERO)

Forward Reliability Market (FRM)

Performance Credit Mechanism (PCM)

Backstop Reliability Service (BRS)

Dispatchable Energy Credits (DEC)

Dispatchable Energy Credits + Backstop Reliability Service (DEC/BRS Hybrid)

+++++ +

This section describes each design in further detail, covering the following topics: (1) an overview of the
general theory and mechanics behind the design; {2 key design choices and parameters; and (3] expected
market dynamics under each design. Other implementation decisions that must be made for each design
whose impact cannot be captured in the quantitative analysis are described in more detail in Section 8,
Additional Considerations and implementotion Options.

Where possible, parameters are harmonized across designs to allow for consistency in comparison. In
particular, for all market designs that target a specified reliability standard, this study uses the "one day
im ten years” standard (i.e., 0.1 days/vear loss of load expectation) that was chosen under the direction of
the PUCT, While this study uses a reliability standard of 0.1 days/vear, the PUCT has not adopted a formal
reliability standard, and in implementing any new market design, the PUCT would need to determine a
specific reliability standard, This could entail choosing a specific loss of load expectation standard or a
standard defined based on another reliability metric altogether, To aid in evaluating how results may differ
under different reliability standards, the reliability cutcomes for each market design are reported using
other metrics {i.e., loss of load hours and expected unserved energy) that could be used to define a
standard. Total costs to consumers would necessarily rise or fall with the stringency of the chosen
standard; for instance, a more reliable standard would tead to higher total system costs. More detail on
reliability metrics is provided in Section 4.3.1, Reliobility Metrics,

Table 5 provides a detailed summary of design elements and assumptions across each of the standalone
market design reform proposals that were evaluated.

Assessenent of Market Reform Optlens to Enhance Relfiability of the ERCGT Systemn 13
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Table 5. Summary of Design Elements Across Market Designs

Elgminnt
Primary Market
Mechanism

Aszumed
Rellability
Standard [1]
Allocation to LSEs

Resource Eligitslity

Resource
Bocreditation
Methodolagy

| Deploymant of

Rasourcas

Performance
el mtives

i

Load Serving
Entity Aeliability

Obligation:
LSERD

Bilateral
procunement of
reliability cradits
by LSES with
mandatary
inrw.rd shu-wl!'l.g
LOLE=0.1
daysyear
rellabllity standard
Load-ratio share

during highest risk
hours

Technalagy-
neutral

fccreditation
based an
avallabilivy durimg
heurs of highest
riliahiliny risk
(typically peak net
Ioad), measured
using margina
ellecties load
carrying capability
(ELCC)

All resources salf-
commit and offer
inte enengy market

Penalties far non-
performance for all
participating
MESOUrces

Forward Reliability
Market:

FRM

Mandatory
centraly-clearsd
forerard market {ar
reliability credits

LOLE = (3.1
days/year
rediability standard
Load-ratio share
during highest risk
hours

Technalogy-
meutral

Accreditation
based on
awallabllicy during
heurs of highest
reliabslity risk
[typically peak net
load), measured
using marginal
effectivg |oaad
carmying capabibity
(ELEC)

all .F'i;W'.I".'-I‘E seif-
commit and offer
inte anergy market

Penalties for non-
performance far all
participating
FEsolEroeEs

Performancs
Credit Mechanism:
PCM

Centralized
settlermant process
far perfarmanos
credits at end of
comipliance pericd

LOE=0.1
danys/year
refixbdlity standard
Load-ratip share
during highest risk
haurs

Technelogy-
neutral

Praduction of PCs
bated an
avadability during
haurs of highest
reliabdlity risk
{assumed In this
study to be 30
hawurs), typically
pik At lasd
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1. The analysk in this study applies the industry-standard rellability standard, LOLE of 0.1 days per vear across all designs to
provide a consistent comparisen, Altemnative rellability standards could be implemented for any reform; should PLICT mave
farward with any reform, the selection of an appropriate reliability standard will be an Important next step.
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Another significant commonality of the LSERD, FRM, POM, and BRS designs is that they are all tailored to
focus on the periods of highest reliability risk, measured as the hours of lowest incremental available
operating reserves. These hours are typically, but not exclusively, aligned with “peak net load."*” Peak net
load is the period of highest electricity demand after accounting for the contributions of wind, solar, and
energy storage as illustrated in Figure 4 below. As the penetration of renewables increases, the peak net
load will become increasingly disassociated from the gross peak [the period of highest absolute electricity
demand) due to the prevalence of variable energy resources [in particular solar} during the summer
afternoon gross peak. This is consistent with the mechanics of the energy-only market today that yields
scarcity pricing in hours of highest risk which are not necessarily aligned with the gross peak, This overall
approach to reliability planning is consistent with a "marginal” framework for calculating a resource’s
reliability contributicn.

Amn illustration of when hours of highest reliability risk might ococur on an illustrative high renewable
electricity system is provided in the figure below. it is important to note that these hours are what set the
total system reliability requirements, This overall approach is a departure from the traditional paradigm
of planning for gross peak metric that is used in many other U5, capacity market constructs, although it
is consistent with the transition to a "marginal” capacity construct as is being implemented by the NYIS0
market and likely in the ISOME™ market. It is economically efficient and ultimately minimizes systemn costs
to send economic signals on the basis of highest reliability risk because these are the hours where the
system s most constrained,

Figure 4. lllustrative Summer Peak Day Under High Penetrations of Renewables and Storoge
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Description of Market Design Alternatives

3.1 Load-Serving Entity Reliability Obligation (LSERO)

The Load Serving Entity Reliability Obligation (LSERQ) establishes a system-wide forward requirement
for procurement of “reliability credits” and allocates that requirement to LSEs. Reliability credits are
assigned to generators by ERCOT based on their expected availability during the pericds of highest
reliability risk and are procured bilaterally by L3Es, meaning that L5Es will purchase reliability credits
through bilateral contracts with generators [not a centrally cleared market). Reliability credit
requirements for each L5E are based on their share of system load during periods of highest reliability risk.
The requirements assigned to LSEs in an LSERD provide a market signal for investment in new resources
and/or retention of existing resources beyond what might be expected in the energy-only market. In this
construct, leads and resources are on a level playing field, as load reductions during critical howrs count
equivalently to resource procurement during these hours. Key attributes of the L3ERD market design
include:

=+ Forward-looking assessment of system need: ERCOT conducts a forward-looking assessment of
the resources needed to achieve a designated reliability standard, e.g., "one day in ten years”
{LOLE of 0.1 days per year].

+ Resource accreditation: reliability credits are assigned to each resource in a technology-agnostic
manner using a marginal effective load carrying approach (ELCC) approach. ELCC is specific
methodelogical approach to measuring a resource’s contribution to system reliability. Marginal
ELCC reflects each unit's capability to deliver energy to the system during the anticipated periods
of highest reliability risk, measured as the hours of lowest incremental available operating
reserves. These hours are typically, but not exclusively, aligned with peak net load. It is an
important feature of this design that the total reliability requirement (the forward-looking
assessment) and resource accreditation are measured on the same ELCC basis,

+ Allocation of system need to individual LSEs: the total system requirement is the sum of the
marginal ELCCs assigned to every resource in the accreditation process and reflects the total
armount of accredited capacity necessary to achieve the targeted reliability standard. That sum is
prospectively allocated among L5Es based on their forecasted share of system load during peak
net load periods.

+ Mandatory forward procurement of reliability credits: LSEs must procure reliability credits from
generators to meet their share of system needs through bilateral transactions.® LSEs must show
that they have procured sufficient reliability credits on a "prompt”™ basis, meaning before the
beginning of the compliance period.

+ Generator penalties and incentives for real-time performance: resources that sell reliability
credits incur an obligation to perform during the hours of highest reliability risk and are evaluated
based on their performance during these howurs. If resources that sold reliability credits fail to

¥ inder a béilateral structura, L5Es that do not procure sufficient reliability credits to meet their ob¥gation are penalized at an
altesnative compliance price, 581 at a walus that is higher than the expected refability credit price (e g., gross cost of mew entryl.
Such a penalty structure will incentivize LSEs to procure sulficient reliabiity credits to mest their share of systermn nead. Any
meney collected by ERCOT from deflclent LSEs that are penaliped at an alternathve compliance price would be used to procure
emergency backstop generation to ensure that the system achlewes target reliability,
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perform during the assessed hours, ERCOT applies a financial penalty, The quantitative analysis in
thiis study assumes that resources perform at levels consistent their accreditation, but properly
structured incentives are necessary to achieve this = a topic discussed inm more detail in Section 8,
Additional Considerations and Implementation Opbions. This design component disincentivizes
resources from seeking accreditation higher than their actual expected capabilities if they will be
held financially accountable to perform at those levels,

Figure 5. General Overview of Load Serving Entity Reliobility Obligation [LSERQ) Market Design
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Based on the SERVM market outcomes, a natural gas combustion turbine (CT) is the mast effective
marginal reliability resource that could be added to the system at the lowest cost, and thus would be the
expected market response to an economic signal to procure additional resources for reliability. With the
increase in generating capacity, scarcity pricing events are less frequent, reducing the energy and ancillary
service costs borne by L3Es and energy and ancillary service revenues to generating resources. In order to
ensure that resources do not exit the market due to the reduction in revenues, the price for reliability
credits would be equal to the net cost of new entry of this marginal CT, assuming an efficient market.**

4 Tiye price of reBability credits im this study |5 denorminated in units of effective capacity. This is consistant with the raliabiliny
requirerrent which has been se1 egual to the eflective capacity requireament. Effective capacity is similar but mot entirely
analopous to the LCAP capacity construct that is used in ather U5 markets The price of effective capacity for each resource
s calculated as the resgurces’ Met COME (5/kW-yr installed summer) divided by its Effective Capacity. The formulas for these
two values are the follow|ng:

Het OONE = Gross CONE [5/KW-yr installed sumemer) = Energy and Anclllary Service Met Revenues |50 -yr installed
Summerk
Effective Capacity = Average Availability im High Reliability Risk Hours (kW] / Installed Sumrmear Capacity (KW
This reeans that a resource type sisch as battery storage could hawe a lower net CONE than gas CTs = and therefore appear to
be cheaper = but also have a lewer effective capacity, which would make [t cost per effective kW of capacity higher.
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The cost of reliability credits are the additional costs that LSEs would incur in this market design. The net
effect of reduced energy and ancillary service costs and increased reliability credit costs yields the total
expected cost impact to LSEs.

The LSERD yields expected benefits in the form of improved reliability, specifically, reduced Expected
Unserved Energy. This benefit is not included in the quantified benefits, meaning that the quantified
benefits are conservative.

In addition to the guantitative assessment, the Consulting Team performed a qualitative assessment of

features that do not significantly impact resource entry/exit, refiability, or cost, which are described in
Section 8, Additionol Considerotions ond Implementation Options,

Overview of Bilateral Market in the LSERO

Under a bilateral procurement framework, ERCOT would assign a reliability requirement to each LSE
based on their projected share of system-wide need that is required to achieve target reliability. LSEs
would be required to procure sufficient reliability credits from generators, either through ownership
of a generating unit or by contracting with a third-party generator. LSEs would then “show™ ERCOT
that they have procured sufficient reliability credits in advance of the compliance period.

A [fu

s . T "l
<) bilateral m

conftracts

3.2 Forward Reliability Market (FRM)

The Forward Reliability Market (FRM) is similar to the LSERO market design but establishes a centraliy-
cleared auction for the forward procurement of reliability credits. Reliability credit requirements for each
LSE and their corresponding share of costs are determined at the end of the compliance period based on
their actual share of system load during periods of highest reliability risk, The requirements assigned to
LSEs and the auction clearing price provide a market signal for investment in new resocurces and/or
retention of existing resources beyond what might be expected in the energy-only market. In this
canstruct, load reductions during critical hours allow L5Es to reduce their reliability requirements,
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providing an economic signal for demand-side resources to compete with supply-side resources. Key
attributes of the FRM design includea:

=+ Forward-looking assessment of system need: ERCOT conducts a forward-looking assessment of
the resources needed to achieve a designated reliability standard, e.g., "one day in ten years”
[LOLE of 0,1 days per year),

+ Resource accreditation: reliability credits are assigned to each resource in a technology-agnostic
manner using a marginal effective load carrying approach (ELCC) approach. ELCC is specific
methodological approach to measuring a resource's effective capacity. Marginal ELCC reflects
each unit’s capability to deliver energy to the system during the anticipated periods of highest
reliability risk, measured as the hours of lowest incremental available operating reserves, These
hours are typically, but not exclusively, aligned with peak net load. It is an important feature of
this design that the total reliability requirement (the forward-looking assessment) and resource
accreditation are measured on the same ELCC basis.

+ Sloped demand curve: ERCOT would develop an administratively-determine sloped demand
curve that was set at a level to yvield target reliability, to provide for price stability, and to send a
signal to the market when excess supply [relative to the reliability requirement) was becoming
lowe,

+ Centrally-cleared forward market for reliability credits: ERCOT holds an auction to procure
reliability credits from generators to meet total needs. The auction would be conducted on a
prompt basis, immediately before the start of the compliance period.

+ Allacation of costs to individual LSEs: the cost of the centralized auction would be retrospectively
allecated among LSEs based on their share of system load during the hours of highest reliability
risk [e.g., top 30 hours of lowest incremental available operating reserves). This ensures that LSE
costs both reflect any potential load migration that occurs after the prompt auction and fulky
compensates actual realized demand response.

+ Generator penalties and incentives for real-time performance: Resources that sell reliability
credits incur an obligation to perform during the hours of highest reliability risk and are assessed
based on their performance during these hours. If resources that were paid for reliability credits
fail to perform during the assessed hours, ERCOT would apply a financial penalty. The quantitative
analysis in this study assumes that resources perform at levels consistent their accreditation, and
properly structured incentives are necessary to achieve this — a topic discussed in more detail in
Section & Additional Considerations and Implementation Options, This design component ensures
resources will not seek accreditation higher than their actual expected capabilities if they will be
held financially accountable to perform at those levels.
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Figure 6. General Overview of Forward Reliability Market Design
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Based on the SERVM market outcomes, a natural gas combustion turbine {CT) is the most effective
marginal reliability resource that could be added to the system at the lowest cost, and thus would be the
expected market response to an economic signal to procure additional resources for reliability, With the
increase in generating capacity, scarcity pricing events are less frequent, reducing the energy and ancillary
safvice oosts borne by L5Es and energy and ancillary service revenues to generating resources. In order to
ensure that resources do not exit the market due to the reduction in revenues, the price for reliability
credits would be equal to the net cost of new entry of this marginal CT, assuming an efficient market. ™
The cost of reliability credits are the additional costs that LSEs would incur in this market design, The net
effect of these two impacts (reduced energy and ancillary service costs and increased reliability credit
costs) yields the total expected cost impact to LSEs.

The FRM yields expected benefits in the form of improved reliability, specifically, reduced Expected
Unserved Energy. This benefit is not included in the quantified benefits, meaning that the quantified
benefits are conservative,

In addition to the guantitative assessment, the Consulting Team performed a gualitative assessment of
features that do not significantly impact resource entry/exit, reliability, or cost, which are described in
Section 8,

5 The price of relability credits im this study |5 denorminated in units of effective cagacity. This is consictant with the reliabiliny
requirerrent which has been s81 agual to the eflective capacity requirement. Effective capacity is similar but mot entirely
analopous to the LCAP capacity construct that is used in ather U5 markets The price of effective capacity for each resource
s calculated as the rescurces’ Met COME |5/ W-yr installed summer) divided by its Effective Capacity. The formulas for these
two values are the follow|ng:

Het OONE = Gross CONE [5/KW-yr installed sumemer) = Energy and Anclllary Service Met Revenues |50 -yr installed
Summerk
Effective Capacity = Average Availability im High Reliability Risk Hours (kW] / Installed Sumrer Capacity (KW
This reeans that a resource type siech as battery storage could hawe a lower net CONE than gas CTs = and therefore appear to
be cheaper = but also have a lewer effective capacity, which voould make [is cost per effective kW of capacity hgher.
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Overview of Centralized Market in the FRM

Under a centralized procurement framework, ERCOT would hold a centralized auction for reliability
credits. Demand for credits would be based on an administratively determined demand curve,
designed to procure sufficient reliability resources to meet the target reliability standard. The supply
curve would be comprised of generator offers and would be tied to the additional revenue generators
requine to either enter the market or not exit the market. Procurement quantity and price would be
determined where supply and demand intersect, and all generators that clear would receive the
market clearing price, determined by the bid of the marginal generator,

Price (5]

Quantity (Q)

& centralized procurement framework has the positive attributes that a transparent, system-wide
price is visible to all market participants and 1o the IMM. It also unlocks additional tools for the 1M
to mitigate the exertion of market power through limitations on generator offers [see more detail in
Section &.1.8, Market Power Mitigation). The option for a sloped demand curve in a centralized market
provides price stability and a price signal that values reliability when the market starts to get “tight” or
close to minimum reliability requirements. Additionally, a centralized procurement approach provides
the option for ex-post assignment of reliability costs to L5Es based on actual LSE usage as opposed to
forecasted L5E usage. This eliminates the potential for LSE under-forecasting. While L5Es would retain
the option to bilaterally hedge their reliability obligations outside of the centralized market, a potential
drawback of this approach is that some stakeholders view the presence of a centralized market as
tempering with a robust bilateral market.

3.3 Performance Credit Mechanism (PCM)
The Performance Credit Mechanism [PCM) establishes a requirement for LSEs to purchase “performance

credits” (PCs) — earned by generators based on their availability to the system during the hours of kighest
risk = at a centrally determined clearing price. The PC requirement is a fixed quantity that is determined
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in advance of the compliance period, while the settlement prooess occurs retroactively based on the
quantity of PCs that were actually produced. PCs are awarded to generators after the close of the
compliance period based on a look-back of their availability across a predetermined number of hours of
highest reliability risk [e.g., top 30 hours) measured as the hours of lowest incremental available operating
reserves, These hours are typically, but not exclusively, aligned with peak net load, When those hours
accur is determined retrospectively based on actual system conditions (similar to the hours that
determine 4CP). Each L5E's obligation to purchase PCs is based on its pro-rata share of system load during
those same hours, and the dearing price of PCs is determined based on an administratively-determined
demand curve designed to achieve a target reliability standard (like other designs, an LOLE standard of
0.1 days per year is assumed). In addition to this retroactive settlement process, ERCOT also administers
a centrally cleared voluntary forward market for LSEs and generators to exchange PCs to hedge against
potential adverse outcomes inthe retroactive settlement process; while this forward market is voluntary,
generators must participate in the forward market in order to qualify to participate in the retroactive PC
settlement process.

Key attributes of the PCM design include:

+ Forward-looking requirement assessment: ERCOT determines the aggregate availability of
resources during the anticipated hours of highest refiability risk (predetermined numbser of hours,
8., 30 hours) for a system that meets the 0.1 days/vear LOLE reliability standard. This value is
represented as an annual MWh number that represents the cumulative availability of all
resources across the hours of highest reliability risk,

+ Sloped demand curve for retroactive settlement process: The price to procure PCs is based on
an administratively-determined demand curve developed by ERCOT that is designed to vield
revenues of net-COME per unit of effective capacity for a system at target reliability, The slope of
the demand curve is designed to mitigate annual PC price volatility, recognizing that any given
yvear may produce slightly more or fewer PCs than forecasted. The PCM demand curve would need
to be adjusted every year.

+ Mandatory retroactive settlement process: After the operating year, PCs are awarded to
generators based on a lookback at their availability across the highest risk hours (e.g., 30 hours)
of the period; one credit is awarded for each hour in which a megawatt of capacity was offered
into the energy or ancillary services market. The price for PCs is settled by cross-referencing the
total quantity of PCs awarded with the demand curve, The total cost of PCs (total PCs awarded
times the settlement price] is allocated among L5Es based on their pro-rata shares of system
demand across the same highest risk howrs.

+ Voluntary centrally-cleared forward PC market: ERCOT administers a voluntary centrally-cleared
forward auction for PCs based on bids to buy PCs from L5Es [demand curve) and offers to sell PCs
from generators (supply curve), While the forward market is voluntary, participation in the
forward market is a prerequisite for generators to be eligible to produce PCs; however, actual
quantities of PCs produced may differ from forward offers = thus it is not expected that this
mandatory forward offer requirement would have any impact on the ultimate quantity of PCs that
are awarded or on the settlement price. LSE participation in the ERCOT PC market is entirely
woluntary.
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This design is deliberately structured to achieve the same reliability outcomes as the L3ERO and FRM; the
key difference is that the LSEROD and FRM designs accredit generators ex-ante based on their expected
contributions to the system during peak net load periods (with penalties/rewards for deviations from this
accreditation), whereas the PC design awards performance credits to generators retrospectively based on
actual availability during hours of highest reliability risk. The differences between ex-ante accreditation
and actual availability during peak net load periods has important qualitative implications that are
discussed in more detail in Section 7, Qualifotive Review. An overview of the voluntary forward market
and ex post settlement process is provided in Figure 7 below.

Figure 7. General Overview af Performance Credit Market (PCM) Design
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Mew processes and settlements introduced in specifled market design

A significant design chodee in the implementation of the PCM reform is the shape of the demand curve,
which is to be set by ERCOT ahead of the operating vear, Because PCs will be awarded to generators
retrospectively based on performance during hours of highest reliability risk, the quantity of PCs available
during the settlement process will be fixed, and the price will be determined by the corresponding point
on the demand curve. The administratively determined demand curve is intended to:

1. Induce entry inte the market beyond what would be expected through the current energy-only
(status quo) framework;

2. Be "self-correcting” and aligned with economic supply/demand principles; and

3. Provide some level of price stability.

Arvillustration of this demand curve and price clearing mechanism is illustrated in Figure 8,
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Figure 8. lllustrative Performance Credits (PC) Demand ond Supply Curve
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Because a reliable system must retain resources for availability during extreme events that do not occur
every year, the PC requirement will be higher than the sum of energy and operating reserve requirements
during critical pericds in many years. This provides a more stable revenue stream to gepnerators even in
vears when scarcity does not manifest in the energy and ancillary services market. The assured annual
procurement of PCs provides more stable compensation than the Energy-Only design. ERCOT's
determination of the quantity of PCs required provides a means to ensure more resources are available
ta the system than through the Energy-Only design. 'With the increase in resources that enter the market
through the introduction of this mechanism, scarcity pricing events are less frequent, reducing the energy
and ancillary service costs borme by L5Es. L5Es incur additional costs to procure PCs to meet their
obligations. The net effect of these two impacts [reduced energy and ancillary service costs and increased
performance credit costs) yields the total expected cost impact to L3Es.

In addition to the expected costs, the PCM yields expected benefits in the form of improved reliability,
specifically, reduced Expected Unserved Energy. This benefit is not included in the quantified benefits,
meaning that the quantified benefits are conservative,

Other design features that are not expected to impact the guantitative results of resource entry/exit,
reliability, or system cost are evaluated in Section B, Additional Considerations and Implementation
Options,
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Design Comparison: Load Serving Entity Reliability Obligation, Forward Reliability Market, and
Performance Credit Mechanism

While all three designs require LSEs to procure credits based on generation availability during hours of
highest reliability risk [typically peak net load), there are key differences:

4+ In the FRM and LSERD, generators receive an ex-ante accreditation based on their expected
contributions to the system during peak net load periods [and are penalized/rewarded for
deviations from this accreditation), whereas the PCM awards credits to generators
retrospectively based on actual availability during peak net load periods,

+ The FRM and LSERO markets clear and establish prices before the operating period (and thus
are invariant to actual system conditions during the year) whereas in the PCM the settlement
of PCs occurs retrospectively and is and thus dependent on actual system conditions.

+ The PCM design necessarily clears in a centralized manner with a sloped demand curve in order
to avoid price formation that would clear at $0/MWh for any system with PC production that
exceeds the target or a price at a regulated price cap for any system with PC production that
does not meet the target. The FEM features a similar sloped demand curve in the forward
auction that modulates the price and quantity of reliability credits procured based on scarcity.
The LSERD is entirely bilateral and therefore has no administratively determined demand
curve,

3.4 Backstop Reliability Service (BRS)

The Backstop Reliability Service [BRS) authorizes ERCOT to procure backstop resources needed to ensure
that a sufficient guantity of generation is available to meet a specified reliability standard, e.g., LOLE of
0.1 days per year). A BRS resource is one that can only be deploved when ERCOT is in physical scarcity [i.e.
when non-BRS resources in the real-time ERCOT market are incapable of meeting aggregate power
demand). ** Based on specifications provided by the PUCT, in order to qualify for consideration as a
backstop resource, a generator must demonstrate the capability to dispatch for eight or more consecutive
howrs for three consecutive days. This study assumes that natural gas CTs are capable of providing this
service but does not assume [based on direction from the PUCT) that these generators need to be
equipped with supplies of firm fuel to provide this service. Contracting ococurs between ERCOT and
individual generators, and the cost of procurement is allocated to LSEs based on their load-ratic share
during the hours of highest reliability risk, measured as the hours of lowest incremental awvailable
operating reserves. These hours are typically, but not exclusively, aligned with peak net load, Key
attributes of the BRS market design include;

¥ T gwaid any impacts an the price signals present in the energy-only market and ensure the same energy price lormation as
the current Energy-0nly market design, backstop gensrators are required to bid Into the market at the high systern-wide
offer cap (55,000/MWh).
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+ Forward-looking assessment of system need: the BRS design requires ERCOT to conduct regular
forward-locking assessments of the expected reliability of the system to identify any anticipated
shortfalls by comparing expected loads and resources to the specified reliability standard, eg.,
LOLE of 0.1 days per year.

+ Forward procurement of backstop resources: to fill the identified need, ERCOT conducts a
competitive solicitation for eligible backstop resources with options for either a “pay-as-bid” or
“single clearing price” procurement mechanism.

=+ Penalties and incentives for real-time performance; BRS resources that contract with ERCOT are
required to perform when called upon, with finandal penalties and payment clawback for non-
performance, Additionally, BRS resources will keep the net revenues they make when called upan,
giving them a real-time incentive to generate as much as possible when allowed to participate.

=+ Allocation of BRS resource costs to LSEs: after the period, the costs of resources procured through
the backstop mechanism are allocated to L5Es based on a retrospective assessment of their load-
ratio share during the hours of highest reliability risk, typically aligned with peak net load hours,

These new processes required in the implementation of the BRS design are illustrated in Figure 9,

Figure 9. General Overview of Bockstop Reliability Service (BRS) Morket Design
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Mewar pw:rmms and settlements introduced in specifled market design

Based on the SERVM model results, the marginal BRS resource is a natural gas CT, meaning that this is the
lowest net cost effective capacity backstop resource, The Consulting Team assumes a single clearing price
at the opportunity cost of foregone revenues in the energy market which is equal to the cost of new entry
(true by definition in an energy-only system in equilibrium} minus expected revenues from dispatching at
when the system has no more available capacity to meet load (by design, BRS resources are allowed to
keep marging earned in energy market when dispatched as the last resource in the generation stack), The
allecated costs of backstop resources are the additional costs that L3Es would incur in this market design,

In addition to the expected costs, the BRS yields expected benefits in the form of improved reliability,
specifically, reduced Expected Unserved Energy. This benefit is not included in the quantified benefits,
meaning that the quantified benefits are conservative.
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Other design features that are not expected to impact the guantitative results of resource entry/exit,
reliability, or system cost are evaluated in Section B, Additional Considerations and Implementation
Options.

3.5 Dispatchable Energy Credits (DECs)

The Dispatchable Energy Credit [DEC) market design establishes an annual requirement for each L5E to
procure credits produced by eligible dispatchable resources. The LSE-specific annual requirement for DECs
is intended to incentivize investment in new flexible generation resources that meet specified eligibility
criteria. Based on specifications provided by the PUCT, the DEC design has the following features:

-+

Selection of criteria for DEC eligibility: To qualify as an eligible resource, a generator must have
the following characteristics: a start time of 5 minutes or less, a net heat rate below 9,000 LHY
Btu/kWh, and an ability to generate for a sustained period of at least 48 hours.

DEC production criteria: An eligible resource produces one DEC {denominated in MWh) when it
clears in the energy, regulation up, responsive resernieé senice, of non-spin market between the
haurs of Bpm and 10pm in any day of the year,

Determination of DEC procurement targets: The strict criteria for resource eligibility, coupled
with the narrow time window for DEC generation, necessitate that the annual requirement for
DECs reflect a relatively small share of system loads. For the purposes of this study, DEC
requirements for each L5E are assumed to be equal to 2% of annual MWh load. This level would
require roughly 10% of system needs (energy and ancillary services) during the 4-hour time
window to be served by DEC eligible resources. This requirement is approximately based on the
total quantity of DECs that could be produced by the incremental quantity of dispatchable
resources that would be procured by the LSERD, FRM, PCM, or BRS market designs, relative to
the Energy-Only market design.

Bilateral trading of DECs between generators and LSEs: L5Es transact bilaterally with DEC-eligible
generators to procure DECs. These transactions may occur before, during, or after the operating
periad,

Compliance showing of DEC procurement by L5Es: at the end of the operating period, L3Es make
a formal compliance showing to retire DECs equal to their annual procurement target, with a
limited banking or borrowing feature to smooth year-to-year variability.
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Figure 10. General Overview of Dispatchable Energy Credits (DECs) Market Design
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The implementation of a DEC program would have several impacts on market dynamics in ERCOT;

+ Much like existing state Renewable Portfolio Standard (RPS) policies, the requirements assigned
to LSEs in a DEC framework would encourage investment in resources that meet the specified
criteria. Because of the strict eligibility criteria, few technologies would qualify for eligibility (most
likely aeroderivative CTs and reciprocating engines). Notably, the eligibility criteria would exclude
frame CTs — generally considered the lowest-cost option for capacity — due to their low efficiency,
The entry of these new DEC-eligible resources would cause the frequency of scarcity pricing
events to decrease.

+ The ability of DEC-eligible resources to earn revenues outside of energy and ancillary services
markets when dispatched would encourage them to bid into those markets below their short-run
marginal costs to ensure that they are preferentially dispatched and receive a DEC payment, This
alters the merit order of the generation stack [the order in which resources are dispatched),
leading to DEC-eligible resources dispatching before lower marginal-cost resources and
suppressing market prices.

+ The combination of reduced frequency of scarcity pricing and suppression of energy market prices
due to lower bids by DEC-eligible resources creates a stronger signal for ineligible resources to
exit the market {or a weaker signal for other ineligible resources to enter the market), with the
possible net effect of offsetting some or all of the reliability benefits resulting from the addition
of new resources. This dynamic is explored in the quantitative results analysis of this design,

A qualitative evaluation of other aspects of market design that are not expected to impact the market
outcomes of resource entry/exit, reliability, or cost is provided in Section 8, Additional Considerations ond
Implementaotion Options.
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Design Comparison: Dispatchable Energy Credits vs. Performance Credit Mechanism

While both the DEC and PCM designs require L5Es to procure credits denominated in MWh to satisfy
annual requirements, the two designs have several key differences:

+ The DEC design includes stringent criteria for eligibility that would limit DECs to a narrow
subset of resources on the system, whereas all generators are eligible to participate in the
PCM program

4+ The DEC requirement is based on a subset of system demand [creating the potential to satisfy
this demand at the expense of non-DEC demand), while the PCM requirement is based on total
system demand

4+ DECs are awarded to eligible generators each day of the year during a predefined time
window, whereas PCs are awarded retroactively based on performance in a relatively small
sample of hours and days

+ DECs are transacted bilaterally between LSEs and generators, whereas PCs are exchanged in a
centralized settlement process after the operating period

4+ The requirement for DECs is based on a percentage of each LSE's annual energy sales (and
cannot be directly linked to a system reliability standard), whereas the demand curve for PCs
is established through an administrative process that links it to expected system reliability
requirements and allocation to L5Es is based on their pro-rata shares of system load during
the hours of highest reliability risk

3.6 Dispatchable Energy Credit and Backstop Reliability Service Hybrid
(DEC/BRS Hybrid)

The Dispatchable Energy Credit and Backstop Reliability Service Hybrid (DEC/BRS Hybrid) design
combines the reforms described in Section 3.4, Bockstop Reliobility Service [BRS) and Section 3.5,
Dispatchable Energy Credits {DECs). This hybrid establishes a system-wide requirement for the preduction
of DECs [2% of annual load} and allocates that requirement to LSEs using the same eligibility criteria and
program design as in the stand-alone DEC scenario. The BRS component of the scenario establishes an
ERCOT-procured fleet of backstop generators. The procurement guantity is designed to fill any capacity
deficiency from the DEC scenario needed to achieve the specified reliability standard [assumed to be 0.1
days/year LOLE]. BRS eligibility and program design are same as in the stand-alone BRS scenario.

DEC requirernents assigned to L3Es incentivize a change in system portfolio and operations identically to
the standalone DEC scenario, Because backstop resources are the last units in the generation stack and
bid in at the price cap, they do not distort energy prices relative to the DEC scenario. LSEs in the DEC/BRS
Hybrid design incur costs to procure their share of system DEC requirements and to recover their allocated
share of ERCOT-procured BRS resources.
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4 Methodology and Assumptions

4.1 Analytical Approach

The Consulting Team analyzed the expected rescurce entry/exit, reliability, and cost of each market design
reform proposal relative to the current status quo "Energy-Only™ design, All market designs (Energy-Only
and the reform proposals) are analyzed inclusive of Phase | enhancement directives that were approved
by the PULCT in December 2021. These reliability reforms include: modifications to the operating reserve
demand curve (ORDC), creation of a firm fuel product, accelerated implementation of the new ERCOT
Contingency Reserve Sendce [ECR3) ancillary service product, implementation of reforms to the
Emergency Response Service [ERS), and implementation of a new Fast Frequency Response Service (FFRS).
Thus, this study measures the incremental impact of additional market design reforms relative to Phase |
reforms.

This study examines the performance of each market design under market equilibrium conditions during
a specified test vear, The Consulting Team selected 2026 as the test year becauseit is 1) near-term enough
that there is relative certainty about expected loads and resources but 2} long-term enough that any
potential market design reform could be implemented,

4.1.1 SERVM Loss of Load Probability Model

To address questions of system reliability, electricity industry best practice utilizes a loss of load
probability (LOLP) modeling framework. For decades, system planners have recognized that planning a
reliable generation portfolio requires consideration of both [a) a broad range of possible weather
conditions and their associated impacts on load and [b} the likelihood that power plants may be
unavailable. Historically, power plant unavailability was driven by traditional resource forced outages but
is increasingly also being driven by renewable [wind/sun) availability or use limitations in the case of
energy storage. To measure the level of reliability risk associated with a specific portfelio, planners
engineered probabilistic approaches to assess the likelihood that supply may be insufficient to mest
demand; i.e., simulating the system over many different potential conditions to capture events that may
be very rare or infrequent.

E3 subcontracted with Astrapé Consulting to use the “Strategic Energy & Risk Valuation Model” — more
commanly referred as the “SERVMT reliability model = to conduct the guantitative analysis. SERVM has
been used extensively by ERCOT in prior reserve margin studies. SERVM is a loss-of-load-probability (LOLP)
and production cost model that simulates dispatch of the ERCOT system over 1,000 years of different
system conditions to identify the most challenging hours to serve load, including system stress conditions
explicitly listed in Semate Bill 3", namely extreme heat and cold weather, generator outages and
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unavailability, and periods of low non-dispatchable generation. An overview of key SERVM inputs and
outputs is provided in Figure 11,

Figure 11. Key SERVIM Model Inputs and Outputs
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The Consulting Team used a proprietary version of the model that previously developed by Astrapé for
ERCOT to perform the Estimation of the Morket Equilibrivm and Economically Optimal Reserve Margins
for the ERCOT Region for 2024™ and made updates to gas prices, expected loads, resources, solar/wind
profiles, and new ancillary service requirements for 2026. In previous studies completed for ERCOT, this
maodel has been benchmarked extensively against the performance of the energy-only market to ensure
consistency with the operational and market pricing results; additional detail on these calibration and
benchmarking efforts can be found in previous studies.™

4.1.2 Analysis Under Market Equilibrium Conditions

All market designs are evaluated under a state of “market equilibrium,” meaning that generation
resources on the system are calibrated to reflect the expected long-term market response to the
economic signals provided by each design. The equilibrium condition applied in this study requires that
the energy and ancillary service marging (plus any revenue streams enabled by new market mechanisms)
for the marginal capacity resource are equal to its cost of new entry [COME), which is consistent with many
prior studies conducted by ERCOT.™ Based on calculations from the SERVIM model, this study determined
that a natural gas combustion turbine [CT) was the marginal capacity resource. f CT margins exceed OOME,
new gas CT wnits are added.  CT margins are lower than CONE, coal and gas steam turbine units are
removed from the system, The final system reliability and cost results are not sensitive to the exact

1 nutpesivewrw arcot comfilesdocs/2021/01/15/2090 ERCOT Meserve Margin Study Repert FINAL 1-15-2071 pdf.
] ||-“:, r'-l':!:l: y [ % mifunl f L T -

-

-M AT i jabalily
fontent/uplopds/ 203 2/03/2008 ERCOT MERM Report pdf:
hitps/feww ercot comfiles/docs 00152000 ERCOT Reserve Margin Sudy Responses to Questions Comments
I_I -i--lg-ll nﬂ_
W Far this stucy, gas CTs have been determined o be the marginad capadity rescurce rather than gas combined cycles (CC)
ghven that CTs have lower capltal cost and are designed 1o run at a lower capacity factor which [s maore aligned with the
aperations of a higher renewable grid where energy Is plentiful In many hours and scance In others.
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breakdown of firm resources (coal vi. gas) in the portfolio but simply the total quantity, An illustration of
CT energy and ancillary service margins at different levels of installed CT capacity is shown in Figure 12,9

Figure 12. lllustration of Gas CT Margins at Different Levels of Installed Capacity
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4.1.3 Future Scenarios Tested

Each of the designs described above is studied under a "Base Case” — a set of assumptions developed by
the Consulting Team and the PUCT to represent a plausible state of the world in 2026. However, even
over the next four years, many uncertainties exist, and understanding the extent to which the impacts of
the market design reforms being contemplated in this process will change under alternative states of
the world is critical to making an informed choice. For this reason, this study also evaluates the impact
of the market designs under a range of sensitivity assumptions as well. The sensitivities developed in this
study are summarized in Table &,

L The process described hare results in a partial equilibrium with respect 1o total capacity and reliability autcomes. In reality,
the quantity of ether resources on the system would alse adjust based on the nat marngins available to them under each
design. Development of a full market equilibnivm would regure significant additional modeling effort and was beyend the
scope of this study.
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Table 6. Summary of Scenarios and Sensitivities Analyzed
Market Designs Evaluated
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4.2 Key Assumptions

4.2.1 Llood Forecast

Total annual load is based on ERCOT's 2022 Long-Term Hourly Energy Forecast Study®, which forecasts
470 TWh in 2026, This represents a 20% growth (77 TWh) from ERCOT s actual load in 2021 (393 TWh).
Within the 2026 test yvear, SERVM incorpoarates variability to the forecasted load to reflect uncertainty in
future conditions due to non-weather factors such as the economy, population, growth in electric vehicles,
etc. This variability is represented as upward and downward adjustments to loads by +/-2% and +/-4%, in
addition to the Base Case load scenario of 0% adjustment.

Additionally, SERVM represents hourly electricity demand across forty years of historical weather
conditions from 1980-2019, providing a rich sample of the distribution of future loads under a range of
weather conditions. Figure 13 below illustrates the range of annual peak loads = the highest hourly
electrical load in ERCOT for a given yvear — across all forty historical weather years, all of which occur in
the summer. The modeling captures a wider range of potential load patterns across all potential seasons

¥ hitps/ fewew ot comyTiles docs/ 202202 1002022 LTLF Houry ey,
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arl day-types. Each potential hourly load shape is scaled based on the five total annual electricity load
values mentioned in the previous paragraph, creating 200 different load profiles.

Figure 13. Annual/Summer Peak Load Values Across Forty Historical Weather Years Considered
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Accounting for both weather and non-weather uncertainty factors, the full range of peak load conditions
is shiown in Table 7.

Table 7. 2026 Annual Peak Load Percentiles

Peak Load Percentile

50" Percentile {Median) 85,199

80" Percentile (1-in-5) 88,063

90" Percentile {1-in-10) 89,508

95 Percentile {1-in-20) 90,420
| 99" percentile (1-in-100) 91,963
| Maximum 92,723

This study implicitly assumes that future weather conditions will have the same variability as observed
across these 40 historical vears, To the extent that future weather conditions are likely to differ
significantly from historical conditions, ERCOT should consider incorporating these factors into future
analysis andfor any implementation of market reforms.

4.2.1.1 Winter Weather Conditions

The simulated load shapes for the 40 weather years that are incorporated into the SERVM model
represent a wide range of potential weather conditions, particularly with respect to summertime hot
spells that historically have led to highest peak loads in ERCOT. However, the 40-year lockback period also
incorporates winter weather variability to the model, leading to a high volatility in potential winter peak
loads, as seen in Figure 14.
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Figure 14. Winter Peak Load Vaolues Across Forty Historical Weother Years Considered
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The 1980-2019 sample does not incude the extreme cold weather event caused by Winter Storm Uri in
2021. Further analysis would be needed to develop a representative long-term load sample that
incorporates this type of extreme event at an appropriate probability and to develop a corresponding
reliability standard. Such analysis is beyond the scope of this study. In the future, it will be important for
ERCOT to incorporate these events into its reliability studies and into any corresponding standard and
resource accreditation methodology. Incorporating these events can be expected to affect both the
magnitude and frequency of wintertime peak load events in the study sample as well as the accredited
and actual performance of resources that are wulnerable to cold-weather related events such as
interruptible fuel supphy.

4.2.2 Ancillary Services

Ancillary service [AS] products allow system operators to maintain reliability in real-time operations
even with load and resource uncertainties, system contingencies, and other unforeseen events. In this
study, the Consulting Team worked closely with ERCOT and PUCT staff to develop assumptions for the
types and quantities of ancillary service products that would be operational in the ERCOT market by
2026, taking into account the changes prescribed in the Phase | Blueprint, These products differ from
today due to the introduction of the ERCOT Contingency Reserve Service (ECRS) and Fast Frequency
Response Service (FFRS) products. However, the introduction of these products also leads ta the
reduction in the requirements of existing products relative to today. The ancillary service assumptions in
Table 8 are used across all scenarios,
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Table 8. 2026 Average Ancillary Service Procurement

Anciltary Service Product Average 2026

Requirement | NAN)

Regulation Lip 00

Responsive Reserve Service [RRS)

inclusive of fast frequency response sendce (FERYS) A

ERCOT Contingency Reserve Service |ECRS) 2,200 |

Mon-Spinning Reserves 2,100 |
. Tatal ﬂmcllul:r Service Requirement 7,600

Ancillary service requirements vary by hour based on the aggregate real-time uncertainty of load and
resource availability. In particular, hours of high renewable ramps such as the evening when the sun is
setting can lead to higher AS requirements. Table 9 below shows ERCOT Contingency Reserve Service
{ECRS) requirements by month and hour across the entire year, Note that these values average to 2,200
MW across all howrs as shown in the table abowve,
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1365 1338 (1345 81 052 338 112 Lemn 157 2359 247 2579 1796 2007 B2IM 3,158 R4 5,59 2755 1350 1162 1805 152N 1999

I&Im@ﬁﬁ L9378 29 I,I:ﬂ-l.m-l.ﬂ'l_ l‘_ﬂlm LTUS 1848 TTET 1,B91 l.'.'lll I.H'l 6 LILT LI8T 5ERE I..T:l.:ll
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5 159 34 1248 77 1308 1497 1668 207 390 2700 3561 2510 24T7 LTS6 99T 09 T30 L38E 1384 1387 Lk a7 Laws
R AN s ey s 1300 1vas 20an oo i N Mo N N 352 7 883 1 vor 184 1.0 e |

4.2.3 Energy-Only Maorket Design and Phase | Enhancements

The ERCOT electricity market today is an energy-only construct in which resources earn revenues through
real-time provision of energy and ancillary services [although resource owners can voluntarily hedge
revenues by signing forward contracts with LSEs). When real-time reserves drop to levels that imply some
level of reliability risk, ERCOT administratively increases energy prices through an "operating reserve
demand curve” (ORDC). This administrative construct allows resources that are used infrequently to earn
revenues in excess of their short-run marginal costs and contribute to recovery of fixed capital costs, a
necessary incentive to induce investment. An illustration of the current ERCOT ORDC curve is provided in
Figure 15.
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In December 2021, the PUCT enacted a number of changes to the ERCOT market design through Phase |
of the Blueprint = some of which were immediate and some of which will take effect over the next few
vears, All Phase | changes are expected to be implemented by 2026, the primary yvear of analysis in this
study. A brief summary of select market design enhancements that are applied to all scenarios in this
study [Energy-Only status quo and market design reform proposals) is provided below:

+

e

4.2.4

Updated ORDC: 55,000/MWh high system-wide offer cap, 3,000 MW minimum contingency level
{as shown in Figure 15)

Higher ancillary service requirements: increased Physical Responsive Capability (PRC) targets and
additional ancillary service products (ECRS and FFRS} provide ERCOT with enhanced reliability
tools

Emergency Response Service [ERS): 925 MW can be deployed by ERCOT at minimum contingency
level — note that o douwbling af this value is studied in the “High Renewable” sensitivity cose bosed
on a recent increase in ERS budget authorizotion by the PUCT

Firm fuel product: assumed to improve fuel availability for thermal resources during cold weather
{only forced outages due to extreme cold weather are modeled) = note thot gos spstem changes
under jurisdiction of the Roilrood Commission of Texos also contribute to expected better
availobility of fuel during cold weather going forward

Resource Portfolios

The resource portfolios developed for each market design — including total capacity as well as breakdown
by resource type = is built up by the Consulting Team from three components:
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1. 2022 existing resources: all existing rescurces based on the 2022 Seasonal Assessment of
Resource Adeguacy [SARA) report are included in each portfolic.

2. CDR additions and retirements: based on direction provided by PUCT, all portfolios include
planned resource additions and retirements between 2022226 from ERCOT s May 2022 Capacity,
Demand and Reserves (COR) report.™ The COR report shows significant quantities of renewables
and energy storage added to the system over this pericd,

3. Equilibrium adjustments [design-specific): Equilibrium is achieved by adjusting the quantity of
coal and natural gas resources under each design such that the net margins earned by the
marginal capacity resource across all potential market products [energy, ancillary services, or
other new market products if applicable) are equal to its cost of new entry (CONE).™ This study
finds that the marginal capacity resource is a natural gas combustion turbine {CT), meaning this is
the most economic source of incremental capacity. ™ These equilibrium adjustments are an
output from, rather thon on input to, the onalysis, ond the quontity of odjustments vories by
design.

Table 10. Resource Assumptions Included in Market Analysis (MW)

Total Installed Met CDR Additions , / Total Installed
. Spkadc Equilibrium : ;
Resource Type SUMImer & Retirements, ot Summer Capacity,

. : 4 _ Adjustments A

Capacity, 2022 2022-2026 2026
Muclear 4,973 : = 4,973
Coal 13,568 _ Adivstments vary Tatals vary by
Matural Gas 48479 +375 by market design market design
Hydro [1] 372 Tz
Biomass 163 163
Wind 35,210 5,394 -HI..EUE |
Solar 11,992 27, 335 39,34?
Battery Storage 2,014 +5,397 7,411
Other [Z] 12,134 12,134

Notes:

1. 372 MW represents SERVI's average expected hydro summer capaclty over the 30 weather years based on the 572 MW of
nameplate capacity in ERCOT s COR repot.

2. "Dther® category includes: reserve shed {2,000 MW), emengency gen (470 MW), emerency respanss service (925 MW,
power balance penalty eurve {200 MW, load resources (1,591 MW), TED serdos providers (287 MW), private use netyorks
14,362 MW, 4 caincdent peak (900 MW, and price responsive demand {1, 500 MW,

™ Report: hips/Swww arcotcomfiles ' docs 0T L0516/ CapacityDa rmandandReservasfiepan, MMayI022.pdl: Backup data:
Rtte www e roo T eormy files docs 200 L0516/ CapaditiDemanca idRetervesRenort PayoR Ll

¥ This approach of adjusting CT capacity vields a partial equilibrium with respect to generation capacity and reliabiling
gutcomes. A true eguilibrium would adjust the quantity of sach resource based on its net profits; however, achieving a true
eguilibriurm would reguire & substantial amount of additionad modeling effeet and was beyond the scope of this study.

™ The Consulting Team atsa analyred a sensithdty to evaluate an alternative equiliorium perspective based an a generating
unit's “low cost of retention® {net margins required to keep the unit oniine and operating) Instead of a “cost of new entry®
{net margins required o buld a new undt).
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4.2.5 Renewable Profiles

Renewable generation profiles in SERVM are represented across a range of different weather conditions
using hourly wind and solar generation profiles from weather years 1980-2019 (40 years) developed by
UL Services for ERCOT.*” This dataset provides the model with a rich sample of wind and solar production
under a wide range of weather conditions. The same underlying weather data is used across load, wind,
and solar profiles for consistency. Figure 16 and Figure 17 show that while wind and solar output average
capacity factors are 26% and 40% respectively, actual hourly generation can be significantly higher or
lower. All of these potential conditions are captured within the modeling and contribute to both the
reliability risks of the system and the ability of these resources to contribute to system reliability

requirements.,

Figure 16. Salar Generation Daily Profile Scatterplot for Representative Year
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Figure 17. Wind Generation Daily Prafile Scatterplot for Representative Year
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The model reflects geographic differences for renewable resources, with the profiles shown above being
representations of the aggregate capability of wind and solar in different geagraphies across the entire
state. Specifically, the model includes representations of wind from three different geographic zones =
‘eoastal wind’, ‘panhandle wind’, and "other wind’ — each with a distinct hourly generation profile and
nameplate capacity (based on May 2022 COR report), The average capacity factor and nameplate capacity

for each wind region is shown in below,

Table 11. 2026 Regional Wind Average Capacity Factor and Summer Capocity

Wind Type Annual Average Capacity Factor (%)  Total 2026 Summer Capacity

(M)
Coastal Wind 36% 5,900
Panhandle Wind 40 5,072
Other Wind i 2% 29,b3%

4.2.6 Fuel Prices

Matural gas prices for 2026 are derived from Henry Hub market futures as of August 2022, The price across
the entire year averages to 54,80/ MMBtu; prices are modeled on a monthly basis as shown in Figure 18,

Figure 18, 2026 Monthly Notural Gas Prices
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Because the future price of natural gas is both highly uncertain and a major driver of costs in the ERCOT
market, this study evaluates the impacts of each market design under a “High Gas Price” sensitivity. In this
sensitivity, the 2026 price of natural gas is doubled to nearly 510/MMBtu, reaching a level that aligns
closely with the impacts of recent shocks in natural gas markets due to geopolitical instability as well as
past historical highs. Analysis of the designs under a range of natural gas price assumptions s important

to ensure the choice of any design is robust against this key future uncertainty.



4.2.7 Planned ond Unplanned Outages

SERVM simulates both planned and unplanned generator outages, Unplanned ["forced”} outages are
simulated stochastically on a unit-by-unit basis, creating conditions for significantly higher (or lower) than
average outages at any given time. Forced outage rates for hydro, solar, wind, and demand response are
embedded in the generation/availability profiles of these resources explicitly and are therefore not shown
in Figure 19, Storage is also not shown in Figure 19, but was modeled with a 5% Equivalent Forced Qutage
Rate (EFOR) and dispatched economically.

Figure 19. Capacity-Weighted Equivalent Forced Outage Rote on Demand (EFORd)
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Additionally, unplanned outages are modeled as a function of temperature, reflecting the historical tremd
of higher outage rates during extreme cold weather representing the higher failure rate of components
due to freezing. While this relationship is derived from historical data, it does not include the extreme
levels of failures that were observed during Winter Storm Ul in February 2021, as the Consulting Team
does not expect the same levels of outage would be observed during similar weather conditions due to
improvememnts that have been made by the PUCT, such as weatherization rules and firm fuel procurement.
An illustration of this effect is shown in Figure 20.

Figure 20. Temperoture and Forced Outage Relationship
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Planned cutages are scheduled based on historical practices and reflect generators’ imperfect foresight
of when scarcity conditions will occur. This is consistent with ERCOT practices and miay contribute to
reliability risks if high loads occur unexpectedly during shoulder months. Figure 21 shows the average
fraction of nuclear, coal, and gas capacity that is on planned outages throughout the different months of
the year, Based on historical practices, few planned outages are scheduled during the summer months,
where there is generally higher reliability risk, and higher planned outages from October to May, In 2022,
the PULCT approved the Maximum Daily Resource Planned Outage Capacity Methodology (MDRPOC)
methodology to give ERCOT mare control and transparency in the scheduling of planned outages.

Figure 21. Capocity on Planned Outages for Nuclear ond Steam Resource Types
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4.3 Model Cutputs

4.3.1 Reliability Metrics

SERVM simullates the dispatch of the ERCOT system over 1,000 years of different system conditions while
introducing potential system conditions including extreme heat and cold weather, generator outages and
unavailability, and periods of low non-dispatchable generation. When electricity demand exceeds the
ability of the capability of the generation portfolio to deliver electricity, ERCOT must shed load to keep
the system in balance, The quantity and characteristics of loss of load events can be measured in several
different ways, each of which is described in Table 12 below, This study utilizes all of these metrics (o
characterize the reliability of different market design reform proposals.
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Table 12. Overview of Reliability Metrics

Petric
| Loss of Load Expectation daysfyear  This metric provides the total number of days per year in which
{LOLE) the systemn & expected to have loss of boad. Any quantity of loss of

load wathin the day counts as “ene day” taward this metric, For
example, a day with 1 hour or a day with 23 hours would count as
“one day”. A& day with two separate events i the morming and
evening would count as "one day”. On the ather hand, a single
eyvent that lasts across two days would count as “two days”
L | toward this metric. |
Loss of Load Hours [LOLH) howrs/year  This metric provides the total number of hours per year that the
system is expected to have koss of load. This metric is better at
capturing the length of events but does nat capture the frequency

_ of events like LOLE.
Expected Unserved Energy FWhyear  This metric provides the total quantity of energy per year that the
(ELE) system ic expected to not be able to serve due to insufficient

resaurces, This metne is better at coptunng the magnitude of
events but does not capture the frequency of events like LOLE or
the length of events like LOLH,

Linder the direction of the PULT, this report analyzes market designs under a reliability standard of "one
day in ten years,” equivalent to an LOLE of 0.1 days/year. This means that a system that achieves this level
of reliability would expect to experience a load shed event (which may last anywhere from seconds to
hours) on one day every ten years,

4.3.2 Cost Metrics

Across the thousands of years of conditions, SERVM simulates resource commitment and dispatch to
generate hourly real-time price outputs based on the marginal cost of generation and ORDC adders based
on available operating reserves. The dispatch respects unit constraints for all resources, including
maximum/minimum capacity, startup times, minimum up/down times, must run designations, and ramp
rates. The marginal price In each hour is determined by the cost of the marginal unit and reflects factors
such as heat rate and fuel costs, startup costs, variable operations and maintenance costs, and subsidy
costs. Using these prices, SERVIM dispatches resources and calculates margins by individual resowrce or
class of resources.

The pricing outputs produced by SERVM are used to derive a number of cost-related metrics that provide
insights inte the impacts of each market design or reform, The key cost metrics guantified in the study
dare:

=+ Total System Cost: the total expected cost borne by customers in ERCOT related to energy,
ancillary services, and any newly introduced market products, These costs are only inclusive of
whalesale electricity market costs and do not include costs associated with the transmission and
distribution portion of a customer’s bill;

+ Change in Total System Cost: the change in total system costs due to the introduction of a new
market design product relative to the Total System Cost under the energy-only market;
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+ Net Resource Margins: the net operating margins eamed by different types of resources
participating in the ERCOT market. This represents the total revenues earned by selling energy,
ancillary services, or any newly introduced market product minus the cost to generate that energy
im a given year due to short-run costs such as fuel and variable operations and maintenance, These
marging contribute to fived cost recovery including capital expenditures and fixed operations and
maintenance EXEMNSes.

The total cost metric for each design produced in the study includes the costs [or revenues) associated
with ERCOT's energy and ancillary services plus the cost of any other market products that are introduced
by that design, While the costs in the energy market are denominated in 3/MWh of energy produced in
real time, the costs associated with the various new market products are denominated in a number of
different units. Each of the new market products and their corresponding units are described in Table 13.

Table 13. Description of new market products introduced by the various market design reforms
Product Units Description

Reliability Credits | 5/kW-yr | Payments from LSEs to generators made on an annyal basis per unit
of aecredited copacity |expected capacity available during the most
critical hours) assigned to each power plant

Performance SMWh | Payments from L5Es to generators per unit of capacity bid into the

Credits energy & AS markets during each of the most critical hours of the year

Backstop Reserve | 5/kW-yr | Payments from LSEs to generators specifically reserved for BRS

Payments purposes made on an annual basis per unit of capacity reserved for
the service

Dispatchable S/MWh Payments from LSES to DEC-eligible generators per unit of energy or

Energy Credits AS provided to the system during the DEC window (assumed to be 6-
10pm for this study)

Under ERCOT s energy-only market structure, costs can vary significantly from year to year based on
weather conditions, load and renewable variability, resource outages, and other factors — all of which
influence the frequency of scarcity pricing, Thus, while cost metrics are presented on an “expected value”
basis = reflecting the average axpected cost across the thowsands of simulated years in SERVM = this study
also examines these costs across the full sample of conditions modeled to illustrate how each design
would impact year-to-year variability.
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5 Results

5.1 Energy-Only Design

Analyzing the current energy-only market dynamics under equilibrium conditions in 2026 is necessary to
provide a point of comparison for each alternative market design reform proposal, Comparing each
reform proposal against the Energy-Only case provides a means to measure how each alternative may
impact resource entry/fexit, reliability, and cost. The Consulting Team developed this 2026 case by:

1. Initializing the model with 2022 ERCOT loads and resources;

2. Incorporating expected 2026 load and resource changes consistent with ERCOT forecasts and the
latest (May 2022) Capacity, Demand, and Reserves (CDR) report; and

3. Establishing market equilibrium in 2026 by adding or removing coal and gas resources until gas
CT margins [net revenues) equal the cost of new entry.

This process is Mlustrated in Figure 22,

Figure 22. Overview of Process to Establish 2026 Energy-Only Case
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The resulting portfolie, which includes 2022 existing resources, additions and retirements as reflected in
the COR report, and adjustments needed to achieve equilibrium for the Energy-Only case, is summarized
in Table 14, This portfolio reflects a resource mix that is in a state of market equilibrium in 2026,
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Table 14. ERCOT resource portfolio in 2026 Energy-Only Design (MW

Total installed Met COR Additions e Total Installed
; Equilibrium %

Resource Type S mimer & Retirements, ; Summer Capacity,

T Adjustrents £l

Capacity, 2022 2026

Muclear 44973 4,973

Cexal 13,568 6,172 1,396

Matural Gas 48479 +375 -5, 087 43,237

Hydro [1] ir2 ar2

Biomass 163 163

Wind 35210 +5,394 40,605

Salar 11,992 +37,335 39,347

Battery Storage 2,014 +5,397 7411

Other [2] 12,124 - - 12,134
Hiotes

1 372 MW represents SERVINVT S Bverage expectsd Fydno Summear capacity over the &0 weather years based on the 5T2 MW of
nameplate capacity in ERCOT ™S CDA repart.

2. “Other” category includes: reserve shed (2,000 MW, emergency gen (470 MW], emergency reiponse service (925 MW,
pawer balance penalty curve {200 MW, load resources (1,591 MW, TED service praviders (287 BMW), private use networks
14,262 MW, 4 coincident peak (200 MW), and price responsive demand {1,500 MW,

While peak demand is projected to grow from 73,700 MW to 85,200 MW between 2021 and 2026, the
resource additions reflected in the COR = a total of nearly 40,000 MW of solar, wind, and energy storage
— wield a system that initially has a surplus of resources relative to equilibrium, Without further
adjustments to the resource mix beyond COR additions and retirements, the “pre-equilibrium” 2026
portfolio would achieve an LOLE of 0.02 days per year, more reliable than the common industry
benchmark of 0.1 days per year.

However, the economic pressures on existing resources to exit the market in this “pre-equilibrium” state
would also be immense: the low energy and ancillary service prices and infrequent scarcity pricing
resulting from the presence of so many resources in the system would result in net margins for natural
gas CTs close to 50/kW-yr, far below even the ongoing fixed costs for existing resources. Because this
partfolio is so far from market equilibrium, this s not viewed as a plauvsible outcome of the energy-only
market. Adjusting the 2026 portfolic into market equilibrium requires a reduction in 11,560 MW of firm
capacity, which the Consulting Team assumed to be split equally between coal and steam gas turbine
units, This adjustment process is illustrated in Table 1577

W heime Dl arcot comlilesdocs!2022/02/34/2027 LTLF Repori pal

H Thie result may alternatively be interpreted as a signal that the level of reneveable and storage additions provided by the CDOR
i a0 unlikely market cutcome due to economic factors, as the decline in energy prices that result with their antry may begin
1o deter further entrants. If this Is the case, retention of additicnal resources will be necessary to maintzin reliability in a
rapidly changing grid.



Table 15. Results of Colibration Process Used to Attain Condition of Market Equilibrium

Total Equilibrium MNatural Gas CT Met LOLE {days/year]
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The resulting equilibrium portfolio has a loss of load expectation (LOLE) of 1.25 davs/year, significantly
higher than the comman industry benchmark of 0.1 days/fyear. The LOLH of the system increases to 3.8
hoursfyear while the EUE increases to 14,093 MWh per year, as shown in Table 16, This translated into
each event shedding about 11,300 MW of load over a 3-hour periad.

Table 16. 2026 Energy-Only (Equilibrium) Reliability Stotistics

Rediability M etrics 2026 Energy-0nly
LEILE
[doys/vear] 1.2%
LOLH 18
(hours/year)
ELIE

14,043
(A pear)

Loss of load events are most likely to occur during summer evenings and winter nights, as illustrated in
Figure 23. Nearly all of these high-risk hours occur outside of daylight hours, which aligns with
expectations of a system with significant quantities of solar energy.

Figure 23, 2026 Energy-Only Equilibrium Loss of Load Probability Month/Hour Heatmap
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While the average year has 1.25 days with loss of load under equilibrium, some years have mone, and
some years have less events than the average. Sikty-one percent of vears do mot experience any loss of
load, while 39.0% of years have at least one hour of lost load or more. Figure 24 below illustrates the full
distribution of number of hours of lost load across all years,

Figure 24, 2026 Energy-Only (Eguilibrium) Distribution of Loss of Lood Hours per Year
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Comparison to Prior Analyses of Market Equilibrium in ERCOT

In 2021, Astrapé Consulting published Estimation af the Maorket Equilibvivm and Economically Optimal
Reserve Morgins for the ERCOT Reglon for 2024, a study commissioned by ERCOT to examine the
expected dynamics of the market under equilibrium conditions. Using SERVM and a modeling
approach consistent with the techniques used in this study, Astrapé calculated expected reliability
metrics in ERCOT under “market equilibrivm” conditions based on 2024 loads and resources, This prior
analysis suggested that the reliability of a system in market equilibrium would vary as a function of the
FESOUrce mix:

+ Ina 2024 Base Case under market equilibrium conditions, Astrapé’s prior study calculated an
LOLE of 0.5 days per year.

+ In a 2024 High Renewables Case under market equilibrium conditions, Astrapé’s prior study
calculated an LOLE of 1.3 days per year.

While assumptions in this current effort include different loads and resources and incorporate the
Phase | Blueprint changes, the analysis in this study are generally consistent with this prior work: this
study finds that the LOLE is 1.25 days per yvear under equilibrium conditions in 2026, after significant
additions of wind and solar generation, which aligns closely with the previous study's 2024 High
Renewables Case, Together, the results of these two studies suggest that as renewables and storage
rescurces are deployed at higher penetrations in the future, the market signals that exist within the
Energy-Only market will provide an increasingly weaker signal for investment in resources needed to
maintain reliability.

5.2 Alternative Market Designs

For each market design reform proposal, this study adds the additional market signal or market product
to the Energy-Only case and re-establishes equilibrium by adjusting the total system portfolic based on
the expected market response to the new economic signals introduced by that design. As with the Energy-
Only (status quo) case, a new equilibrium is established by adjusting the quantity of the marginal capacity
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resource [calculated to be a natural gas CT) on the system such that total CT marging across all potential
market products equal the CT cost of new entry (CONE).™

For each market design reform proposal in equilibrium, this study produces three key quantitative results:

=+ Resource Portfolio: total MW of each resource type, including changes relative to the Energy-
Only [status qua) scenario

+ Reliability: days/year loss of load expectation (LOLE), hours/year, and MWh/year of expected
unserved energy

+ System Cost: Total annual system cost across all electricity wholesale market products

Figure 25 summarizes the key quantitative results across all scenarios, The remainder of this section
describes these results in more detail.

Figure 25. Key Quantitative Results Summary
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¥ The Consulting Team also analyzed a sensithvity that establishes an alternative equilibrivm based on a “Low Cost af
Retention® instead of CONE. See Section 6.4, Low Cost af fetantian Equitbrun,
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Results

5.2.1 Resource Portfolio

As described above, the resource portfolio for each market design reform proposal is developed by
establishing equilibrium conditions by adjusting the total system portfolio based on the expected market
response to the new economic signals introduced by that design. A description of the dynamics captured
in equilibrium for each market design is provided below. Notably, since the LSERD, FRM, PCM, and BRS
designs each target a reliability standard of 0.1 days per year, the resulting resource portfolios under
equilibrium are identical, but the market mechanisms that achieve this result differ in each design.

4+ LSERD and FRM: The FEM and LSERD result in the same equilibrium and market cutcomes; they
differ only in the specific market mechanism. The equilibrium portfolio is developed by adding
natural gas CTs = determined to be the least-cost (marginal) source of capacity = to the Energy-
Only case until the LOLE is reduced to the target standard of 0.1 days per year. This requires an
additional 5,630 MW of natural gas CT capacity. This increase in capacity is supported through a
forward reliability credit product that provides sufficient incremental revenues to retain or attract
new resources to the market despite a reduction in energy and ancillary service margins that
naturally occurs with a larger margin of capacity.

+ POM: The PCM design also targets an LOLE of 0.1 days per year, leading to the same requirement
of additional 5,630 MW of natural gas capacity relative to the Energy-Only case. Under this design,
the incremental revenues available to generators through the mandatory PC settlement provides
the economic signal for entry and/or retention of the resources needed,

+ BRS: The BRS equilibrium portfolio is achieved by assuming procurement of 5,630 MW of natural
gas capacity through the backstop mechanism — egual to the amount of capacity needed to
improve reliability from the Energy-Only case to the target LOLE standard of 0.1 days/year. Under
this design, the resources procured through the BRS mechanism do not impact price signals
present in the Energy-Only design, since BRS resources will only be deployed at the end of the bid
stack to prevent any impacts to real-time energy price formation for other resources.

<+ DEC: The DEC equilibrium portfolio is developed through a two-step process: first, by calculating
the amount of capacity of DEC-eligible aeroderivative natural gas CTs that would be needed to
produce 8600 GWh DECs annually {a number that reflects the difference between 2% of annual
load and the expected DEC production from existing eligible resources); and second, after adding
the aeroderivative CTs to the portfolio, recalibrating the portfolio to market equilibrium by
adjusting the other firm resources in the portfolio. This two-step process is illustrated in Figure
26. The first step yielded an addition of 5,640 MW of new aeroderivative CTs {marginal DEC
resource]; the second step resulted in the removal of a 7,160 MW of frame CTs relative to the
Energy-Only design. The result is a net reduction in 1,600 MW of overall CT capacity.”

ki the DEC case, aercderivative CTs do not displace frame CTs om a 1:1 basls is due to two dynamics. First, the high efficlency
ard flexibility of aeroderivative CTs lead to more frequent conditions whare the enargy price is lower than the short-run
marginal cost of a frame CT. Second, the DEC-elighhle asroderivative CTs bid into enengy markets at 3 level below theer short-
run manginal cost, further suppressing energy prices available 1o ineligible resources (see Section B.4.8, Distorticnasy Effect
o0 Energy Markets for additlonal discussion of this phenomencn). In combination, these factors result in a suppression of
energy prices that reguire that, more frame CTs be remeved frem the system to restere frame CT marging 1o COMNE.
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Figure 26. Overview of DEC Eguilibrium Methodology
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4+ DEC/BRS Hybrid: The DEC/BRS Hybrid equilibrium portfolio is developed first by starting with the
DEC portfolio and determining a 6,360 MW capacity shortfall between this case and what would
be necessary to achieve a 0.1 days/year LOLE reliability standard. This gap is larger than under the
LSERC or BRS due to market exit of CTs expected under the DEC case, Because the DEC portfalio
has a 1,600 MW capacity deficit relative to the Energy-Only portfolio, the 6,860 MW of gas CT
resource that would be procured by ERCOT as a backstop service resource results in a net increase
of 5,260 MW of CT capacity relative to the Energy-Only portfolio.

Figure 27 summarizes the equilibrivm portfolio for each market design reform proposal with the key
differences being the amount of natural gas capacity on the system,
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Figure 27. System Portfolio by Morket Design
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Table 17. Capacity by Resource Type for Base Case [MW)

El'.'_!':.l."ﬂ RS

% FR Hyhrid

| Nuclear 1,973 1,973 4973 4,973 4,973 4,973
coal e N 7,39 73% 7% 7.3%
Gas 43,283 48,915 48,915 48,915 41,685 48,549

| Hydro [2] 372 372 372 372 372 372
| Biomass 163 163 163 163 163 163
| Wind 40,605 40,605 40,605 40,605 40,605 40,605
Solar 39,347 39,347 39,347 39347 39,347 30,347
Batteries 7411 7411 7411 7411 7411 7411
(other[3) 12134 12,134 12,134 12,134 12,134 12,134

Hotes:

1. Values shewn in table are exact model cutputs; however, for ease of reading, sgnificant figures have been used when
referring to thess values threughout the bady of the repart.

2. AT MW represents SERVM S average expected hydro summer capacity over the 40 weather years based on the 572 MW of
nameplate capacity in ERCOT™S COR repart.

8. “Other” category includes: reserve shed {2,000 MW, smergency gen (470 MW], emergency responss service (925 MW,
pawer balance penalty curve {300 MW, load resources {1,551 MW], TED service praviders (28T MW), private use networks
14,262 MW, 4 colncident peak {500 MW, and price responsive demand {1,500 MW}

5.2.2 Reliability

Reliability results are calculated by simulating all system portfolios in the SERVM model, Table 18 provides
detailed reliability results across a number of different common metrics for each market design reform
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proposal, The LSERD, FRM, PCM, BRS, and DEC/BRS Hybrid cases each achieve the 0.1 daysfvear LOLE
standard, which is an improvement relative to the 1.25 days/year LOLE observed in the market equilibrium
Energy-Only case. While the frequency of events is much lower under LSERQ, FRM, PCM, BRS, and
DEC/BRS Hybrid, the length and magnitude of events when they do occur is similar.

Table 18. Detailed Reliability Results by Morket Design Reform Proposal in Equilibrium

:ﬂ?ﬁ'lfﬁﬂ"ﬁ'ﬂﬂ 125 0.10 .10 010 203 040
_ ::ﬂﬁs.r‘rend 38 0.4 0.4 0.4 5.6 0.4
. ::E‘-'h.-"’reurj' 14 053 1632 1,632 1632 19.053 1638

The L53ERD, FRM, PCM, and BRS designs achieve an identical level of reliability at 0.1 days/vear LOLE
because they have identical portfolios. Loss of load probability is spread between winter nights and
summer evenings, with a heavier weight toward winter as illustrated in Table 13,

Table 19. 2026 LSERO, FRM, PCM, ond BRS Equilibrivm Loss of Lood Probability Month/Hour
Heatmap

o ) |

While there is an average of 0.1 days/year with loss of load, some years have more, and some years
have less events than this. Most years (93.5%] of years do not experience any loss of load, while &,5% of
years have at least one hour of lost load or more. Table 20 below illustrates the full distribution of
number of hours of lost load across all years,



Table 20. 2026 LSERQ, FRM, PCM, and BRS Equilibrium Distribution of Loss of Loaod Hours per
Year

Loss of Load Hours per Year [hours/year)

o 1 2 3 i 5 & 7 B 9 10 11 12 13+

Probability 235% 15% O5% 10% 00X O00% O0% O0% 104 05 00 00% O05% 158

52.3 Cost Metrics

£2.3.1 Total System Cost

System costs for each market design are calculated by summing the total costs of each product within
each market design. A summary of products by market design is provided in Table 21.

Table 21. Products by Market Design

Products Energy-Only LSERO & FRM D::iﬁ:s
Energy v’r ﬁf -./ v’f ﬁf V’r
_::jﬂ;"' vV v | v | v | ¥
e |« | e |

el ot v v
o) v v

Energy and ancillary service prices are direct outputs of the SERVMW model, while reliability credit prices,
PC prices, DEC prices, and BRS costs are derived from these cutputs as described in this section. Table 22
provides average annual system costs for each market design in equilibrium in 2026, The variation in cost
amaong the potential market reforms relative to the Energy-Only design is relatively small: all designs result
in an increase in total costs to ERCOT customers of between 2-4%,



Table 22. System Costs by Category for Base Case
Base Case Costs [56,/yr]

LSERD % DI-'_!:}'EFEE.
P L
FRM Hybrid

Energy & Ancillary Services $22,33 $17.12 $17.12 522,33 522 67 $22.67
| Reliability Credits ' ' $5.67 ' ' '
| Performance Credits ' | | 55.67 :
| Backstop Service ' ' ' 40,36 | ' 50.43
| Dispatchable Energy Credits | ' | ' ' $0.15 | 50.15
| Total System Cost | $2233  S2279 $2279 2269 | 42283 %23.3%
' Incremental Reform Cost | -—_l 450,46 +80.46 | +50.36 | +50.40 | +50.92

LSERO and FRM

In an efficient market, the LSERD and FRM mechanisms are expected to have identical market outcomes,
The difference between the designs is the specific form of the forward market for rellability certificates —
the FRM assumes a mandatory, centrally-cleared auction, whereas LSERQ assumes market participants
arrive at the same market equilibrium through bilateral trading.

The total system cost of the LSERD and FRM designs, 522.8 billion in 2026, is roughly 5460 million higher
than the Energy Only case, or a 2% increase, How this cost s broken down among various market products
changes significamtly under an LSERD and FRM construct: (1) the presence of a larger portfolio of resources
than the Energy-Only design reduces the frequency of scarcity pricing, and as a result, the costs borne by
cansumers directly through the energy and ancillary service markets decreases; and [ 2) consumers incur
anew category of costs as LSEs must purchase reliability credits to meet the reguirements of these designs,
either bilaterally ar through a centrally cleared market,

The LSERD and FRM designs increase capacity on the system relative to the Energy-Only design,
suppressing scarcity pricing and thus reducing cost of energy and ancillary services. This simultaneously
reduces the energy and ancillary service resource marging, In order to ensure resources enter (or do not
exit] the system despite these lower margins, a new “reliability credit” product prospectively compensates
resources for their expected availability during hours of high reliability risk. The total cost of reliability
credits = roughly 55.7 billion = depends on two primary factors, (1] the total number of credits that must
be procured to satisfy system-wide requirements, and (2] the per-unit cost of a reliability credit [5/kW-
ywr), which is assumed to reach a level consistent with the net cost of the marginal rescurce for reliability
credits = a natural gas CT = under equilibrium conditions.

The reliability requirement is assumed to be set by ERCOT as the total resource requirement during hours
of highest reliability risk needed to achieve a 0.1 davs/year LOLE standard, These hours would be based
on lowest incremental available operating reserves, These hours are typically, but not exclusively, aligned
with peak net load, The Consulting Team calculates the total reliability requirement as 66,940 MW in 2026,
This requirement is significantly lower than the 85,000-93,000 MW gross peak because the hours of
highest reliability risk no longer occur during the highest gross load periods. Instead, the periods of highest
risk typically align with the peak net load, when both load and renewable generation is lower.
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In an efficient market in equilibriurm, the cost of reliability credits is expected to converge to the net CONE
of the marginal resource. This is calculated as show in Table 23, with a final effective reliability credit cost

of 585.9/kW-yr.

Table 23. 2026 Reliability Credit Cost Calculotion

CT Gross Cost of New Entry (CONE) S93.5/kW-yr
- T Net Energy Revenues 510.6/kW-yr
= T AS Revenues 0.4/ kW -yr
CT Met CONE SH2.5/kW-yr
! CT Effective Capacity 96%
= Reliability Credit Cost $85.9/ kKW-yr

Each resource in the ERCOT system earns revenues through the sale of reliability credits up to its
accredited capacity, which s measured as its marginal effective load carrying capability (ELCC). This
framework is internally consistent because the sum of marginal ELCCs for all resources in the system is
equivalent to the total reliability requirement when based on hours of highest reliability risk. Marginal
ELCC derates all generators relative to their nameplate in a technology-neutral manner, considering all
factors that may limit their availability during hours of highest reliability risk: thermal resources are
derated based on expected forced outages;** renewables are de-rated based on weather variability; and
energy-limited resources (storage, hydro, and demand response) are derated based on use and duration
limitations.

The total amount paid by LSEs for reliability credits to each resource type is the result of the tatal
effective capacity accredited to that resource type [MW] multiplied by the market price of reliability
credits {585.9/kW-yr, determination of this value in Table 23). This compensation, including the
associated effective capacity, is broken down in Table 24,

G Thye availability of fuel for thermal resources is not considerad in this anabysis; all thermal resaurces are assumed to have
urlimited access (o fusl when needed. The potential for fued limitations i beyond the scope of this analksis. However, fual
supply Emitations are an active area of consideration In markets acress North America, and ERCOT should address the
patential for fuel supply limitations in (&5 implementation of the LSERD ar any ather prospective rellability standard.
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Table 24. LSEROQ and FRM Reliobility Credit Cost Overview

Resource Surmmer Accrad 'rr..e:} Accredited f_::::;T!: r: o : Ell:lrI::t. I::
Type™ Capacity |WMW] Capacity (%)™ Capacity (INW) ($8/yr) (%]
Gas CT 12,834 96% [1] 12,364 $1.1 19% |
Gas CC 30,687 BO%, 24,458 $2.1 Ev)
Gas IC 919 0% 732 $0.1 19 |
' Steam [2] 16,815 73% 12,249 11 18% |
Battery 7,411 4% 2,497 50.2 % |
Hydro [3] arz 69% 256 ~50.0 0%
Biamass 163 BO% 130 =500 %% .
Salar 39,347 1% 403 ~50.0 1% |
Wind 40,605 18% 7,315 50,6 11% |
Other [4] 12,134 47%, 5,694 50.5 9% |
' Total 161,286 66,098 $5.7 100% |
— ' .

1. The effective capacity MW is the output ef the model and has been nermalized to & % valwe by dividing by surnmer capacity
BV These values could have been norrmalized by dividing by winter capacity MW, which would have resuited in kower 3%
walues since winter capacity is higher. Because cost results are based on effective capacity MW, the use of surmmer or winter
far % normalization has ne impact on final results

2. "Hearm” category includes: coal {7,356 MW, nuclear (4,573 BW), and natural gas steam turbine (4,447 WO

3. 372 MW represents SERVIA's average axpected hydro summaer capacity cver the 20 weather years based on the 573 MW of
nameplate capacity In ERCOTs COR report,

4, “Other” category includes: reserve shed {2,000 MW], emargency gen (400 MW, emengency response service (325 MW,
power balance penatty curve {200 MW, load resources (1,551 MW, TRD service providers (287 MW), private use netwerks
4,062 MW, 4 colncident peak (500 MW), and price respensive demand {1,500 WA

All of the results in the table above are a product of the specific assumptions and scenarios that have been
implemented in this study. To the extent that the L3ERD or FRM is Implemented for an electricity system
with a different penetration of wind/solar/storage, the accredited capacity numbers would be different.
Additionally, the accredited capacity percentages are calculated by dividing effective capacity [MW] by
summer capacity (MW], The use of nameplate winter capacity [which is higher) would have resulted in
lewer % values but would not have changed results in any way which are sclely dependent on effective
capacity (MW),

In the 2026 test year, the total reliability credit cost of 35.7 billion is partially offset by the 55.2 billion
reduction in energy and ancillary services costs, resulting in a net system cost increase of approximately
2460 million per year relative to the Energy-Only design. Partly offsetting that is reduced customer costs
due to loss of load. The expected unserved energy (EUE) is reduced in the LSERD and FRM cases by 12 460

¥ Categories selected for accreditation are also subject to change under implementation; accreditation generally cocursat a
misre grandlar level than breakdown shawn.

H areredited capacity values are Righly specific to the various assumplions used in this study, including but not limited to the
respurce partfodio and planned and forced cutages. If LSERD were to be Implemented, it s expected that effective capacities
will differ ghoen the actual conditians.
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MWh per year. At an assumed value of lost load (VOLL) of between 55,000/MWh to $50,000/MWhH™, the
total value of reduced loss-of-load could be between 562 million and %620 millian per vear; this benefit is
not included in the total system costs.

PCM

The PCM design also leads to an increase in capacity on the system relative to the Energy-Only design,
suppressing scarcity pricing and reducing the cost of energy and ancillary services. As with the LSERO and
FRM, this larger amount of capacity simultanegusly reduces the energy and ancillary service resource
margins. Therefore, the PCM design leads to the same system portfolio and total costs as the LSERO and
FRM design, although it uses a different product = the “performance credit” rather than the “reliability
credit” — to provide an appropriate economic signal for entry and exit despite the lower energy and
ancillary service margins. The total performance credit product cost is equal to the number of credits
generated in a year (MWh) multiplied by the cost of a PC (5/MWh).

Resources produce PCs in a technology-neutral manner by offering in the real-time market during the 30
haurs of highest reliability risk per year.® For a given year, the quantity of performance credits produced
is a single number, and therefore represents a vertical supply curve, On average across the multiple
iterations in the 2026 test yvear, the number of PCs generated across the 30 hours of highest reliability risk
is 2,212 GWh in a system calibrated to achieve 0.1 days/yr LOLE. However, im any individual year, the
quantity of PCs generated will deviate from this expected wvalue based on weather conditions, plant
outages, and other factors, leading to different vertical supply curves, as shown in Figure 28,

The demand curve is administratively determined to ensure that the system has strong economic
incentives to generate the requisite number of PCs needed to achieve the LOLE standard of 0.1 days per
year (2,212 GWh in the 2026 test year] while also providing some level of price stability across differant
vears. This incentive is created by providing an annual average compensation to resources for PC
production that is the same as the reliakility credit compensation in the LSERD and FEM designs, meaning
that PCs will compensate resources at an aggregate level of 55.7 billion/yr. Although multiple potential
demand curves exist, E3 tested two demand curves = a “base” and a “steep” demand curve = that are
shown in Figure 28. Both demand curves meet the reliability requirement at the same average cost but
have different inter-annual variability in total annual PC costs; the steeper demand curve will result in
mare year-to-year cost variability relative to a flatter demand curve,

B Thara jg alm 8 reguiremeant mata FEECECR nH‘er imto the veluntany fnmrd ma-ﬂc&: althnugh IL dnes. not have o chear.
Because a resource can produce mone PCs than i€ Inftlally affered in the voluntary forward mariet, the Consulting Team does
nak expect this requirement to be binding and ultimately Impact the quantity of PC preduction or clearfng prices In any way.
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Figure 28. Potential PC Supply and Demand (‘base’ and “steep’] Curves
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In the base demand curve, point A" on the demand curve represents a price of 1.5 times net-CONE divided
by 30 howrs (54, 293/MWh*") at a quantity of 98% of annual average performance credit production {2,168
GWh) for a system that achieves a 0.1 days/year LOLE standard. This means that the PC price is capped
such that generators are not able to collect PC revenues above 54,293/MWh in a given year, however this
value is sufficiently higher than the net cost of new entry that it is expected to induce resource entry (or
prevent resource retirement). Point "B’ represents the guantity at which PC production greater than this
quantity will yield a price of $0/MWh, which for the base demand curve is 108% of the annual average
performance credit production (2,383 GWh) for a system that achieves 0.1 days/fyear LOLE standard. This
curve results in an average annual resource compensation of 55.7 billion in the 2026 test year [same as
LSERO and FRM).

A steeper demand curve that still meets the reliability requirement can also be utilized, such as the one
shown in Figure 28. The steeper curve has a higher price cap and a lower maximum guantity of PC
production beyond which the price falls to zero. Since this demand has a shorter section that is sloped, a
small change in quantity will lead to proportionately larger changes in price relative to the base demand
curve. This means that the inter-annual cost volatility of PC costs [/ revenues is higher with a steeper
demand curve,

The total compensation for performance to each resource type is their annual PC generation multiplied
by the market price of performance credits, which varies depending on the year. This compensation,
including the assocated performance credit generation, is broken down in Table 25,

LS x SB5.9kW-yr / 30 hesfyr w1000 EWNMW = 54,293 MWh.

]
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Table 25. PCM Cost Overview

Resource '_~'_-|._m1rn.e N Fer‘fc-rrnar.u:e PC Effectiveness Performance ._FIE rir:_rm._atln:-:u
Ford If.-:ll:.lal'.'lhtl Credit F’r::u.'l:.l-:r.-.ll:-_n (%) [1] Comp. |$B/yr) Comp. I-rau.llle..r:u
) {GWh) (%)
Gas CT 12,834 ans a7% 51.0 18%
| GasCC 30,687 834 a1% §2.2 38% |
| GasiC 219 27 96% 50,1 1% |
| Steam [2] 16,815 428 B5% $l.1 1%% |
[Emtery 4440 L Cisind *0.2 il
| Hydre [3] a7z 7 GG ~¥0.0 |
| Blomass 163 5 ki ~&0.0 % |
| Solar 39,347 20 2% *50.0 1% |
| Wind 40,605 252 21% 50.6 11% |
| Other [4] 12,134 174 9% %0.5 B |
| Total 161,286 2,212 55.7 100% |
Hotes:

1. "PC Effectivensss (%] it & mesdure af the quantity of PCs each type of redource generates meatured felative to a “perfect”
resaurce available at full capacity acrast all critical haurs. Mate that this is similar — but not exactly equal ta - “Accredited
Capacity” in the LSERD and FAR designs.

2. “Steamn” category includes: coal {7,256 MW, nuclear [4,973 M), and natural gas stearn turbine (4 447 KW,

3. 372 MW represents SERVEA's average expected hydro summer capacity over the 20 weather years baged on the 572 MW of
namaplate capacity In ERCOT"s COA report,

4, "Other” category includes; reserve shed [2,000 MW, emergency gen (470 MW], emergency response service (925 BW),
pawer balance penalty curve {300 MW, load resources (1,581 MW, TD service providers (287 8AW), private use neteorks
14,262 MW, 4 coincident peak {300 MW), and price responsive demand {1,500 MW,

Similar to LSERO and FRM, the 55.7 billion cost to procure PCS in test vear 2026 is partially offset by a 55.2
billion decrease in energy and ancillary services costs, resulting In a net system cost increase of
approximately 5460 million,

BRS

The BRS design results in total consumer costs of 522.7 billion in test year 2026, roughly %360 million
higher than the costs of the Energy-Only design. This incremental cost reflects the costs to secure
contracts with the BRS resources needed to meet the desired reliability standard, Because these resources
are incremental to the Energy-0Only design portfolio but withheld from participation until all gemeration in
the real-time energy and ancillary services market is exhausted, these BRS resources are available to
improwve reliability but still allow for the formation of scarcity pricing in many hours, including hours in
which they are dispatching.

The total cost resources procured through the BRS mechanism is the total quantity of backstop resources
procured (MW) multiplied by the unit cost of contracting with BRS resources (5 /kW-yr). In the 2026 test
vear, 5,630 MW of additional natural gas CT capacity relative to the Energy-Only design is needed to
achieve the 0.1 days/year LOLE reliability standard, The unit cost of BRS is equal to foregone marging in
the energy market [i.e., opportunity cost of being held of out of market which in energy-only equilibrium
is equal to gross COME) that a generator would incur to participate as a BRS resource. The BRS design
allows BRS generators to retain margins when they are dispatched (bidding at the price cap). Therefore,
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apportunity costs are only represented as lost marging during non-price cap hours that exceed their
marginal cost, The modeling shows that BRS resources are expected to dispatch an average & hours/year
at the price cap of 55,000/MWh, yvielding expected margins of approximately $30/kW-yr. This calculation
process illustrating all BRS costs is illustrated below in Table 26,

Toble 26. BRS Cost Overview
BRS CT Gross Cost of New Entry (COME) S93.5/kW-yr
= BRS Net Energy Revenues at Price Cap S30.6/kW-yr
BRS Net Cost $62.9/kW-yr
X BRS Capacity 5,630 MW
BRS Total Cost S3I55M/yr

This analysis makes no assumption as to whether the resources contracted through the BRS mechanism
are new or existing units, as the Energy-Only market design yields energy and AS margins of gross CONE
to both new and existing units. Therefore, there is no difference in their opportunity cost of being held
out of the market,

DEC

The DEC design medifies the quantity and type of capacity on the system, relative to the Energy-Only
design, The addition of 5,640 MW of new aeroderivative CTs (the marginal DEC resource] is necessany to
meet the DEC targets set forth in this design. However, the entry of this quantity of new resource
significantly suppresses scarcity pricing for all resources in the market, particularly non-aeroderivative CT
resources, This reduction in margins would cause the exit of these resources which would restore scarcity
pricing to the market and thus restore resource margins, This dynamic is illustrated in.

Because CTs enter and exit the market up to the point that margins equal gross CONE [same as in Energy-
Only design), the frequency of scarcity pricing in this design is similar to that in the Energy-Only case. The
key difference in the DEC scenario is the presence of asroderivative gas turbines, which have a shight cost
premium relative to frame gas turbines [assumed in this analysis to be 25%). In order to ensure that
these resources enter the market despite their cost premium, a new “dispatchable energy credit” product
compensates these resources based on the difference in their total cost and the margins these resources
would expect to earn in the energy and ancillary service market, Thus, in addition to energy ancillary
services costs, L3Es would incur additional costs to contract with DEC-eligible resources; the total cost
resulting from procurement of DECs is equal to the DEC requirement [ MWh} multiplied by the DEC price
{5/MWh). &An overview of these costs is shown in Table 27. The annual costs associated with procurement
of DECs (5147 million) represent a relatively small proportion of total system costs,

W Leyelized costs caleulated using E3%s Pro Farma tool; Capital cost and operations & maintenance [O5M) costs assumpticns

barsed on E1A 2020 “Capital Cost” repart: hitps,//www sia gov/analysis/studies/powerplanis/cag italcost/
pelffcaplial_cgst AEQHIGD pdf (with minor cost modifications based on recent market trends],

Msssesaiment of Market Reform Options to Enhance Refiabdity of the ERCOT System &1



Table 27. DEC Cost Overview

Item Lisuits Value Notes
- Cost of best-in-class aeroderivative gas turbine;
1 ';‘:“" DECIaSOUICE &y $117 cost estimated by adding & 25% premium over CT

COMNE (5935 kW yr)

Energy and AS net annual revenues [net of

2  DEC Energy + AS Margins  S/kW-yr 595  production costs) for DEC-eligible units across all
hours af the day

Levelized DEC Cost (1) minus DEC Energy « AS
Margins |2}, divided by the number of DEC-eligible

i DEC Price nA'h 15
- P hours in a vear (4 hrs/day * 365 days/year),
normalized for a 5% FOR
4 DREC Requirement MWhyear 400,000 2% of annual lead (470 TWh)
a |
L Annual DEC Cost Sfyear $147M Total annual DEC cost: DEC Price [ 4] multiplied by

DEC Reguirement |5)

5.2.3.2 Cost Variability

The costs discussed above represent annual average costs, but costs can vary significantly year-to-year
based on a number of different factors, including weather, renewable generation, and generator outages.
In the Energy-Only case, while total annual system costs average 322.3 billion per year, annual system
costs may range from 514.8 billion (107 percentile} to 536.1 billion (90" percentile} per year, depending
on whether a year is mild or extreme.” The primary determinant of whether costs fall at the upper or
lower end of this range is the presence of scarcity pricing. & mild year with no scarcity pricing will yield
costs on the lower end of the range, while an extreme year with significant scarcity pricing will yield costs
on the upper end. Figure 29 below illustrates annual cost volatility in the market across each of the
different market designs.

" yeluntary hedging by L5Es can rdtigate exposure 1o walat#ity.



Figure 29. Annual System Cost Variability Across Market Designs [1]
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Peotes:
1. Veluntary hedging by L3Es can mitigate eupesure to volatility,

Like the Energy-Only market design, the BRS design relies on scarcity pricing as a primary mechanizm to
incent resource entry into the market. Likewise, the DEC mechanism relies on scarcity pricing to
compensate and incentivize all non-DEC resources in the market, ensuring that it still plays a very
prominent role, Because of this, both scenarios maintain significant annual cost volatility,

On the other hand, the L3ERD, FEM, and — to a smaller extent — PCM scenarios mitigate scarcity pricing
by allowing the additional resources that have been procured to participate im the market. The
suppression of scarcity pricing both reduces the potential for high-cost years during extreme conditions
but also necessitates the development of the reliability credit product that is paid to resources even if
conditions turn out to be mild. The combination of these two factors leads to both a higher floor and
lewer ceiling of expect annual cost cutcomes. To the extent that LSEs engage in forward hedging, they
can help mitigate the risk implied in this figure.

The primary difference between the LISERO/FRM and PCM designs is that the PCM design results in
variability in PC price and total compensation across different realized conditions, while LSERQ/FRM has
the same reliability price and total compensation across all conditions because it is based on a forward
expectation of conditions before they occur. However, the guarantee of 30 hoursfyear of PCM pricing
regardless of whether the system experiences true scarcity contributes to significantly less cost volatility
than a design that relies significantly on scarcity pricing.
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5.2.3.3 Resource Margins

The margins that resources earn across each market design is an important indication of whether the
portfolie is in equilibrium and delivering sufficient revenues to each resource to justify its entry or
continued operation.

Figure 30 below provides resource margins for several resource technology classes across each market
design. The key takeaway is that margins are relatively stable across each design, even though
compensation breakdown between market products [energy vs. reliability credit vs. performance credit)
is substantially different. This indicates that each design is in equilibrium.

Figure 30. Relative Net Margins of Resource Types Across Market Designs
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Hotes:
2. "fGas CT" category in figure excludes Aero CTs, which are DEC-eligible and would therefore recelve DEC payments.

3 "Siearn” category includes: cosl, nuclear, and natural gas steam turbine.
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All market design reform proposals vield natural gas CT net margins that are equal to the gross CONE, an
indication that these systems are in equilibrium, Howewver, resource net margins can also vary significanthy
on a year-to-year basis, just as with total annual system costs. In the designs that rely significantly on
scarcity pricing [Energy-Only, DEC, and BR5), the volatile nature of this compensation leads to volatility in
CT annual net marging. In contrast, LSERD and FRM significantly decrease the volatility of CT margins
through the presence of the reliability credit product as CT margin floor set equal to reliability credit price
during mild years while simultaneously the incremental capacity in the market in this scenario suppresses
scarcity pricing and margins during extreme years. The POM also decreases volatility of CT margins but
does not guarantee a margin floor for resources to be compensated in years where there is significant
production of PCs. This is llustrated in Figure 31.

This increase stability in resource marging under the LSERQ and FRM, particularly for CTs provides more
certainty to investors, leading to a reduction in the cost of financing relative to the Energy-0Only design,
and ultimately could reduce electricity system costs beyond what is quantified in this study.

Figure 31. Gas CT Net Margins Variability Across Market Designs™
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1 gas CT margins shown for BRS design reflects margins avallable to wnits that are competing In the energy and ancillary
services markets = rot unlts that are procured for BRS.
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6 Sensitivity Analysis

This section examines the impact to system portfolio, reliability, and costs results if key Base Case
assumptions are changed. Given the uncertainty of many future key electricity system futures, it is
important to understand how each market design would perform under very different conditions, This
study examines four key sensitivity factors:

4+ High Renewable Penetration

+ High Matural Gas Price

+ Mo QORDC

+ Equilibrium Established by “Low Cost of Retention”

This study examines the performance of Energy-Only, LSERD, FEM, PCM, and BRS market designs under
these sensitivity cases. Because the DEC design under Base Case assumptions indicated both higher costs
and a degradation in system reliability, it was not explored through sensitivity analysis,

For each sensitivity, the report discusses [1) how the sensitivity assumptions impact the Energy-Only
design, and (2} how the market design reforms would impact that updated Energy-Only design under the
sensitivity assumptions.

A summary of key sensitivity results is provided in Figure 32,

Figure 32, Summarr of Quﬂﬂh'l‘aﬁwe Results Under Key Sensitivity Tests
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6.1 High Renewables

The High Renewables sensitivity is consistent with continued rapid growth of renewable energy, battery
storage, and demand-side participation, This scenaric could materialize due to government policy
(including the Inflation Reduction Act), continued reductions in renewable costs, increased customer
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preference, or ather factors, While reaching this high penetration of renewable energy is unlikely by 2026,
the findings of this scenario show how market designs would perform in the long term with renswable
penetrations that reach the levels represented in this sensitivity.

This sensitivity increases renewables, energy storage, and demand response by the following quantities:

+ 1.5% Solar and Wind: solar increases +19,200 MW and wind increases +20,300 Mw

+ 2.3x Storage: each incremental MW of solar in this sensitivity is paired with half a MW of 3-hour
battery storage, increasing storage by +9,600 MW

+ 2% Demand Response: an increase in demand-side participation is achieved by doubling the
ERCOT Emergency Response Service (ERS) by #325 MW

6.1.1 Energy-Only Design

An increase in renswables reduces resource marging, causing the exit of firm generation, relative to the
Base Case scenario as llustrated in Table 28 below.

Table 28. Impact of High Renewables Sensitivity on Energy-Only Design Equilibrium Portfolio
Tatal Installed Summer Capacity [MW) [1]

Resource Tve e P High Chanee

Esource [ype L Wange
Nuclear 4,973 4,973 -
| Coal 7,396 - -7,396
Gas 43,283 37,359 5,924
| Hydro [2] 372 a7z -
Blomass 163 163 -
Wind 40,605 | 60,907 +20,302
Salar 39,347 | 58,537 +19,190
Batteries 7411 | 17,011 +9 600
Other [3] 12,134 | 13,345 +1,212

Hoteg

1. Values shown in table are exact model outputs; however, for ease of reading, sagnificant figures have been used when
referring to thess values threughout the bady af the repart.

2. 372 MW represents SERVM'S Bverage expectsd Fydro Summer capacity over the 40 weather years bated on the 572 MW af
nameplate capacity in ERCOT S COR repart.

5. “Other” category includes: reserve shed (2,000 MW], emergency gen (470 MW], emergency response service (925 MW),
pawer balance penalty curve {200 MW, load resources (1,551 MW, TE&D service providers [Z87 MW], private use networks
14,562 MW, 4 coincident peak (900 MW), and price responsive demand {1,500 M.

The additional renewable capacity provides incremental capability to the system [increasing reliability},
but also reduces resources margins, causing the exit of firm generation [decreasing reliability) under
equilibrium conditions, The net effect of these two factors relatively offset each other, with a slight
degradation in system reliability resulting in a similar level of reliahility urnder equilibrium conditions {an
LOLE of 1.31 days par year).

Because renewables generally bid into the energy market at 50 {or lower to capture the faderal production
tax credit or Texas renewable energy credits), further deployment of these types of resources will reduce
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whalesale energy prices. This effect is illustrated in Table 29, which shows a roughly 20% decrease in
system costs across all market designs.

6.1.2 Alternotive Morket Designs

The High Renewables sensitivity is tested upon the LSERD, FRM, PCM, and BRS designs. All designs include
mechanisms intended to ensure that the system achieves a specified target reliability standard, which
requires an additional 6,688 MW of natural gas CT capacity relative to the Energy-Only High Renewables
sensitivity, Table 29 summarizes the cost impacts of each of the designs tested in the High Renewables
sansitivity. While total costs in this sensitivity are lower than under Base Case assumptions, the relative
system costs between the different market designs are similar; the LSERO, FREM, PCM, and BRS
mechanisms increase costs relative to the Energy-Only High Renewables sensitivity by approximately 5400
million per year,

Table 29. High Renewable Sensitivity Cost Impacts

High Renewables Sengitivity Costs [S8/yr)

Energy-Only LSERO & FRM PCM
| Energy & Ancillary Services 518,24 £12.77 512,77 | £18.24
| Reliability Credits ' - 55.84 - -
| Performance Credits ' - - 45.84 -
| Backstop Service - - - %0.42
| Total System Cost 518.24 518.61 $18.61 518.66
| Incremental Reform Cost - #50.37 +50.37 +50.42

6.2 High Gas Price

The High Gas Price sensithity s consistent with continued high natural gas prices that could persist due
to continued global instability or policies in the LLS, that restrict the supply of fossil fuels, This sensitivity
assumes natural gas prices that are twice as high in 2026 as current markets predict, increasing the price
of natural gas from %4.80/MMBtu to 59.60/MMBtu.

6.2.1 Energy-Only Design

The increase in gas prices does not have a significant impact on the market equilibrium portfolio for the
Energy Only case; while minor adjustments to installed capacity for coal and natural gas are made to
achieve equilibrium (see Table 29), the overall composition of the portfolio is largely unaffected™; the

1 Mate that this study dess not atternpt to account for any addétional investrients in renewables and storage that may be
induced by high natural gas prices, instead hold the level of renewables constant based on addithons frorm the COR report.
Crear the bong mun, high gas prices would likely incent further investments in renewables and storage resources due io the
comespanding increase in value.
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impact an reliability is similarly minor, as the LOLE at market equilibrium increases from 1.3 to 1.4 days
per year.

Table 30. Impact of High Gas Price Sensitivity on Energy-Only Design Equilibrium Portfolio

Total Installed Summer Capacity [MW) [1]

Hesource Type Base Case High Gas Prce Change

Nuclear 4,973 4,973 =

Coal 7,396 7.973 ¥377
| Gas 43,283 42,824 =450
| Hydro [2] ara ari -
| Biomass 163 163 =
| Wind 40,605 40,605 -
| Solar 35,347 35,347 -
| Batteries 41l T4ll -
| Other [3] 12,134 12,134 =

heotes:

1. Values shown In table are exact model outputs; however, for gase of reading, significant figures have bean used when
rafgrring to thess values throughout the body of the repart.

2. 372 MW represents SERVM's average expected hydro summer capaclty over the 30 weather years based on the 572 MW of
nameplate capacity in ERCOT"s COR report.

3. “Diher” category includes: reserve shed (2,000 MW, emergency gen (470 MW, efmergency response service (925 MW,
pawer balance penalty curve (200 WA, load resources |1,591 MW, TED service providers (287 BW), private use networks
{4,762 WMOW], 4 coincident peak {900 MW), and price responsive demand {1,500 MWL

While the impacts of the High Gas Price sensitivity on the portfolio are limited, the impacts on system cost
are large, A higher natural gas price increases the operating cost for gas generators, whose costs
frequently set the marginal energy price during non-scarcity hours, The corresponding increase in the
energy price translates to a significant increase in costs, which increase by approximately 50%.

6.2.2 Alternotive Market Designs

Because each of the market design tested in this sensitivity (LSERO, FRM, PCM, and BRS) are designed to
achieve a specified standard for reliability, the reliability outcome is unchanged from the Base Case
assumptions: all reforms achieve an LOLE of 0.1 days per year in market equilibrium, an improvement
relative to the Energy Only High Gas sensitivity (1.4 days per year).

Despite the increase in total cost due to higher gas prices, the relative cost increases of each market
design are similar to the Base Case assumptions, with the LSERQ, FREM, PCM, and BRS High Gas
sensitivities each resulting in costs that are between 3400-500 million above the costing more than the
Energy-Only High Gas sensitivity. The fact that the cost increases associated with each of the reforms is
not sensitive to the price of natural gas reflects the fact that the improvements in system reliability
require additional gas generation infrastructure but do not expose consumers to significant additional
gas price risk beyond what would be expected under an energy-only design. These results are illustrated
in Table 31 below.,

AocessrmErt of Markal Retarm Options to Enhance Relabdity of the ERCOT System [
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Table 31. High Gas Price Sensitivity System Costs

High Gas Price Sensitivity Costs [58/yr]

Energy-Only LSERD & FRM PCM

| Energy & Ancillary Services 53393 528.42 528.42 53393

Reliability Credits - 56.04 - -
| Performance Credits i - -] 56.04 | -]
| Backstop Senvice - - - 5038
| Total System Cost 533.76 534,37 534.47 534.31
| Incremental Reform Cost - +50.53 +50.53 +50.38 _
6.3 No ORDC

The Energy-Only market design relies significantly on scarcity pricing, largely formed through the
administrative ORDC construct, to provide the economic signals for resource entry and retention. In the
LSERD and FRM market design, the increase in dispatchable capacity significantly reduces the presence of
scarcity pricing. This naturally leads to the questions of whether the ORDC mechanism is needed under
an LSERD or FRM market design and how its elimination would impact system portfolio, reliability, and
cost. To address this question, this sensitivity examines the impact of “No ORDC" sensitivity, represented
through the curves in Figure 33, The “No ORDC” curve s meant to represent only natural scarcity pricing
that would result in the market without any administrative increases.

Figure 33. ORDC and “NO ORDC”" Sensitivity Price Curves
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6.3.1 Energy-Only Design
The elimination of the ORDC in the Energy-Only market design results in a significant reduction in resource

margins, leading to the exit of a significant quantity of natural gas CT capacity as illustrated in Table 32
below.
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Total installed Summer Capacity [MWW] [1]

Base Case Mo ORDC Change

HNuclear 4973 4,973 -
| Coal 7,396 | 6,395 -1,001
| Gas 43,283 | 41,996 | 1,287 |
| Hydro [2] a2 | 372 -
| Biomass 163 | 163 -
| Wind 40,605 40,605 -
Solar | ' 39,347 | 39,347 o
" Batteries TALL | 7411 =
Other[3] | 12,134 | 12,134 =

Hotes;

1. alues shewn in table are exact model autputs; however, lof eate of reading, sgnificant figures have been used when
referring to thess values throughout the bady of the repart.

2. 372 MW represents SERVM'S average expected hydro summer capacity over the 20 weather years based on the 572 MW of
nameplate capacity in ERCOTs COR repart.

5. "Other” category includes: reserve shed (2,000 MW], emergency gen (400 MW), emergency response service (925 MW,
pawer balance penatty curve {200 MW), load resources {1,551 MW, TED service providers (287 BMW), private use networks
14,262 MW, 4 coincident peak (500 MW, and price responsive demand {1,500 M.

Without the scarcity pricing signals created by the ORDC, margins to all resources are reduced, This leads
to a corresponding reduction of CT capacity under equilibrium conditions and a lower level of reliability,
increasing loss of load expectation from 1.3 days per year to 2.3 days per year. However, this reduction in
reliability increases “true” scarcity events/pricing and correspondingly increases system costs to similar
levels as the Base Case,

6.3.2 Alternotive Morket Designs

The elimination of the ORDC under the LSERD, FRM, and PCM designs has the potential to slightly reduce
costs due to the ability of reliability credits and performance credits to compensate resources mare
efficiently for their contribution to system reliability relative to the ORDC construct. This is because these
designs can mare directly compensate resources for their availability during the hours of highest reliability
risk, without compensating them during *semi-tight™ hours as the existing ORDC construct does,

Remowing the ORDC from the LSEROD, FRM, and PCM market designs reduces system costs by 5417M/year
while meeting the 0.1 days/year LOLE reliability standard. These cost savings can be attributed to a
reduction in ORDC payrments in hours where the economic scarcity created by the ORDC is artificial since
there is no physical scarcity in the system. The modeling demonstrated that in many hours — more than
10% of hours for some model iterations = the ORDC is in effect even if there is a significant headroom of
uncemmitted but available resources in the system, primarily gas CTs. This artificially increases energy
and ancillary service costs and is an inefficiency of the DRDC construct.
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Table 33. No ORDC Sensitivity System Costs

Mo ORDC Sensitivity Costs (SB/yr)

Energy-Onby LSERO & FRM PO
Energy & Ancillary Services | §22.32 $16.08 $16.08 62232
Reliability Credits ; - 56.19 = =
| Performance Credits I = = 56.19 =
'_B;:-Pc-smp Service - - - _513_-1-1
Total System Cost il §22.32 “$2227 | §22.27 $22.76
| Incremental Reform Cost | = $0.05 -$0.05 +50.44.

6.4 Low Cost of Retention Equilibrium

The Base Case equilibrium condition requires that each market design provide sufficient revenues to a
natural gas CT to match its gross cost of new entry [CONE), which is necessary to ensure that these
resources recover their full costs. This assumption halds true in the long-rum or in the short-run if the
system needs to attract new investment. However, if the system has a short=-run surplus of capacity,
resources may not need to recover their full gross COME in order to stay in the market without retiring.
Rather, these resources may only need to recover their go-forward cost of operation, which is equivalent
to the unit's "cost of retention.” These costs include maintenance, insurance, and staffing costs
traditionally referred to as fixed operations and maintenance. This study shows that the "pre-equilibrium®
2026 system has a surplus of resources that need to be retained to achieve target reliability as opposed
ta incenting new dispatchable resources into the system.

This sensitivity analyzes an alternative condition for market equilibrium, where resources only need to
cover a go-forward “Low Cost of Retention” of 550/kW-yr instead of “cost of new entry” of 5935/ kKW-yr,
From a resource retention perspective, natural gas CTs have relatively lbow go-forward cost of operation
and other resource types such as coal have higher go-forward costs. The U5, EIA estimates that coal fixed
operations and maintenance costs range from $40-555/kW-yr, and this study assumes a value of $50/kW-
yr as low cost of retention requirement.*

&.4.1 Energy-Only Design

Perdformance of market designs under a "Low Cost of Retention™ equilibrium reduces resource margin
requirements and does not result in the same level of resource exit as in the Energy-Only Base Case,
Table 34 illustrates the Energy-Only system poertfolio under this sensitivity and compares it to that of the
Base Case.

4 hntps/fwww elagoyanatysis studies/powerplants/capitalcost/pdf/capital cost AEQ2020.pdf.
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Table 34. Impaoct of Low Cost of Retention Sensitivity on Energy-Only Design Equilibriuvm
Portfolio

Tatal Installed Summer Capacity [ (1]

Low Cost of

Resource Type Base Case Hsbantion Change
| Muclear 4,973 4,973 —
| Ceal 7,396 7,396 =
Gas 43,283 | 45,355 +2,072 |
" Hydro [2] 372 372 =
Biomass 163 163 -
Wind 40,605 40,605 -
Solar 39,347 20,347 =
 Batteries 7,411 7411 -
| Other [3] 12,134 12,134 -
Hotes:
1. ‘Values shown in table are exact model outputs; however, for ease of reading, significant figures have been used when

raferring to these walues throughout the body of the report.

2. 3T MW regresents SERVM's average expacted bydro summer capacity over the 40 weather years based on the 572 MW of
nameplate capacity In ERCOT"s COR report.

3. “Oiher” category includes: reserve shed (2,000 MW], emergency gen (470 MW, emergency response senvice (9215 MW],
power balance penalty curve {300 MW, load resources {1,581 MW, TRD service providers (287 MW), private use networks
4,262 MW, 4 coincident peak (200 MW), and price respansive demand {1,500 MW,

Under the Energy-Only design, the Low Cost of Retention sensitivity results in the retention of more
natural gas capacity (less eguilibrium retirements), ultimately leading to a higher level of reliability than
in the Energy-Only Base Case; the LOLE in equilibrium decreases from 1.25 to 0.47 days per year. Across
all design options, total system costs are also reduced under the Low Cost of Retention sensitivity, as the
presence of more capacity in the system reduces the frequency of scarcity pricing, System costs under the
Low Cost of Retention sensitivity are 519.1 billion/yr, 14% lower than under Base Case assumptions.

6.4.2 Alternaotive Market Designs

Because the LSERD, FRM, PCM, and BRS scenarios target 0.1 LOLE, these mechanisms do not need to
procure as many resources for reliability since the Energy-Only market is procuring more capacity on its
owmn. This, combined with a reduction in the price of reliability credits (because resources will no longer
require a reliability price to cover their full gross COME but rather only encugh to cover their retention
casts), reduces the total cost of the alternative market designs in this sensitivity. However, because
Energy-Only scenario costs are also lower, the incremental cost of alternative market designs is similar
to the Base Case and other sensitivity results. Cost results are summarized in Table 35 below,
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Table 35. Low Cost of Retention Sensitivity System Costs

Low Cost of Retenticn Sensitivity Costs [58/yr)

Energy-Only LSERD & FRM PCM
| Energy & Ancillary Services 519.10 £17.12 51712 | £19.10
| Reliability Credits 5268
Performance Credits - - 52.68
| Backstop Service 5029
' Total System Cost $19.10 51980 $19.80 $19.60 |
| Incremaental Reform Cost - +50,49 #5049 #5029 |

6.5 LSERO, FRM, and PCM Technology Eligibility

The study assumes that, for the LSERD, FEM, and PCM market designs, all resources are evaluated on a
"technology-neutral” basis based on their ability to contribute to system reliability mneeds. Under such a
technology-neutral framework, resources are evaluated based solely on their capability to generate
during the hours of highest reliability risk. &An alternative implementation of these designs could create
eligibility criteria based on technology specifications that might exclude certaln technologies from
participation. One such implementation of interest to a subset of PUCT Commissioners would exclude the
participation of wind and solar resources. In the short-run, implementing such a policy would decrease
system costs by the quantity of reliability credit payments that would have gone to wind and solar
resources. However, in the long-run, this reduction in compensation could result in smaller wind and solar
buildout [relative to the counterfactual), which would have the effect of increasing energy prices. It [s
important to note that renewable penetrations are still relatively high in all cases due to the presence of
federal subsidies such as the Inflation Reduction Act. This study analyzes three different implementation
options of the LSERD, FRM, and PCM designs as listed below:

+ Technology-neutral in long-run egquilibrium
+ Non-technology-neutral (exclude wind/solar) in short-run equilibrium
=+ Non-technology-neutral {exclude wind/solar) in long-run equilibrium

The technology-neutral long=run equilibrium scenario is identical to what is shown in the Base Case. The
non-technology-neutral short-run equilibrium removes reliability credit compensation to wind and solar
and makes no other changes. Wind margins would decrease from 51263/ /kW-yr in the Energy-Only design
to 5113.0/KW-yr in the non-technology-neutral LSERD and FRM.

In the long run, this analysis shows that the lower overall wind compensation could cause a reduction of
approximately 4,400 MW of wind capacity in equilibrium, which increases LOLE above the 0.1 davs/yr
reliability standard, More gas CT capacity would need to enter the system to ensure the system achieves
0.1 days/yr LOLE standard due to the lower wind capacity. The lower wind capacity increases energy costs
{an identical but opposite impact that high renewables have in decreasing energy costs). The combined
impact of higher reliability credit payments to natural gas [due to more natural gas capacity) and higher
energy costs (due to lower wind penetrations) offsets the reduction in cost savings from the reduction in
reliability credit payments to wind and solar,
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Figure 34. Non-Technology-Neutral LSERQ, FRM, ond PCM Long-Run Cost Comparison
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7 Qualitative Review

In addition to the differences in market outcomes analyzed quantitatively above, there are a number of
qualitative factors that distinguish the designs. This section presents E3's qualitative assessment of each
market design reform proposal in a number of categories, E3 used a simple “stoplight™ scoring process
where red indicates concern, green indicates no concern, and yellow is neutral. The categories are based
on potential areas of concern indicated in stakeholder and PUCT comments. These scoring assessments
represent E3's independent view based on experience working with market participants across a number
of Jurisdictions and market designs in Morth America. These assessments are unavoidably subjective and
E3 understands and expects that stakeholder evaluations may be different and that stakeholders may
have additional areas of concern that are not evaluated here. A summary of qualitative findings is
presented in the table below with more detail provided throughout the rest of this section.

Table 36: Summary of Qualitative Performonce of Each Market Design

FEM PCH
Market Power Lo Market Lo Market
Risk Power Risk Poweer Risk
| Market
| Competition & Mhmst Mot
i Competitive Competitive
Efficiency
Implementation o . i
Implementation | Implementation | Implementaton
Timeline it o AR A
imeline Timeline Timeline
Administrative High C |exit Highk C |t High lexit
1 JOITE ISR RS ] SOFTEEE] 1 SO S X IES
| Complexity E plexity | Hig plexity | Hig plexity
Performance Strong Strong Strong
Incentives and Performance Performance Performance
Benalties Incentives Incentives Incentives
Ability to Address Most Potential | Most Potential
| Extromse Wiesther ko Address to Address
Extreme Extreme
Events Weather Weather
e [l IR
Revenue Stability 7

raveEnLues revenues

BRS DEC

Lo Mtarket
Power Risk

Lo Mlarket
Power Risk

Least Last

Competitive

Competitive

Short
I bermeritation
Timeline

Low Complexity

Weak
Performance

Incentives

Least Potential
o Address
Extreme

Weather

Less stable costs | Less stable costs
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Strong ability to

Strong ability to Strong ability to | Strong ability to
| Load Migration address load address load address load address load
migration migration migration migration
| B Strong signals Strong signals Strong signals Strong signals Strong signals
s for demand for demand for demand for dermand for demand
P responses response response responss responie
| significant Significant Mo prior Mo prior
Prior Precedent

precedent

precedent

precedent

7.1 Market Power Risk

Market power can be exerted by pivotal market sellers (or buyers) whe can economically or physically
withhold supply and increase prices above [or below] competitive levels and influence market outcomes,
A pivotal supplier is defined as a supplier who is large enough such that their behavior in the market can
affect market price. In an efficient, competitive market, no single participant is large encugh to affect
market price, However, the electricity market often does have market participants that are large enough
im certaim circumistanmces to exert market power. This section evaluates the potential for market
participants to exert market power and the feasibilities of potential remedies.

Table 37. Assessment of Market Power Risk under Eoch Design
Load Serving Entity Reliability Obligation [LSERO)

A  Marke In the LSERD design, demand for reliability credits is generally very close to supply,
Ponwer fils creating the potential for pivotal suppliers, The presence of pivotal suppliers in the
reliability credit market i generally more common than in the energy market (where
supply stgnificantly exceeds demand in most hours). Entities that are “net lang” on
generation may have an incentive to economically withhold capadty in order to increase
prices. Market participants that are both generators and retailers (1Le., “gen-tallers”) that
have mofe fetall load than generation would not have an incentive to withhold since they
are net buyers from the market and would not benefit from higher prices,

The independent market manitor (IMM) may be able to address markel power concerms
in the LSERD design through analysis of market concentration and monitoring of
transactions through a public bulletin board process, However, without a centralized
market chearing structure, tools such a4 sloped demand cunve and Bad mitigation are not
- : availabde bo the IMM,

Forward Reliability Market [FRM)

Low Market Power Im the FRE design, demand for reliability credits is generally very close to supply, creating
Risk the potential for pivotal suppliers. The presence of pivotal suppliers in the reliability
credit market s generally more commaon than in the energy market [where supply

significantly exceeds dermand in most hours). Entities that are “net long” on generation
may have an incentive to econombcally withhald capacity in ofder to increase prices,
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Market participants that are both penerators and retailers (i.e., “gen-tailers”) that have '
more retall lead than generation would not have an Incentiee to withhold since they are
net buyers from the market and would not benefit from higher prices.

The IMBA can address patential market power concerns and currently does so effecthvely
for reliability products in other jurisdictions (e.g., PIM, ISONE, NYI50). Market power ina
centralized auction process can be addressed explicitly using tools such as & sloped
demand curve and bid mitigation.

Performance Credit Mechanism (PCM)

Loww Markat Power In the PCM, demand for performance credits during the hours of highest reliability risk
Risk [e.g., 30 hours) will generally be very close to the supply of performance credits. The
potential for withholding in these hours is likely similar to the potential for withholding
in the energy or ancillary service market during hours of energy scarcity,

The IMB can address potential market power concerns and currenthy does so effectively
for the ERCOT energy market. Additionally, the feature of a sloped demand curse limits
the ability of participants to Increase price by withholding supplyl.

Backstop Reliability Service [BRS)

Low Market Power The competitive procurement of BRS resources would be conducted by ERCOT on a
Risk forward basis for a relatively small subset of generators (~5.000 MW depending on the
scenario), Both the forward contracting dimension and the competitive procurement will
likehy not lead to any prvotal suppliers that can exert market power. However, it will be
important for the IMM to monitor a potential BRS market to ensure that prices are
competitive,

Dispatchable Energy Credits (DEC)

Loaw Market Power Market power has not proven to be a significant issue in the renewable energy credit
Risk [REC) market in ERCOT or ather markets across the U5, Although a dispatchable energy
cradit (DEC) market s yet unbested in the U5, T is reasonable to think that it would
perform similarky to the REC market due to its similar construct and features. A potential
key difference between REC and DEC markets would be the size of supply, REC markels
are extremaly large with broad eligibility Tor many resources, To the extent that DEC
markets are more narrowly defined with fewer eligible resources, this would increase the
resk that a sefler could exert market power. A key potential remedy bo market poswer in
this market would be the introduction of a “banking” and "borrowing”™ systam that allows
DEC buyers to under procure in one year and make up for that shortfall in future years.
Inany case, it will Be important for the IMM to monitor a potential DEC market to ensure
that prices are competitive,



7.2 Market Competition & Efficiency

The ERCOT market is one of the most robust competitive electricity markets in the U5 A large number of
generators are owned and operated by mon-regulated entities, and many consumers are served by non-
regulated retailers. Maintaining the market’s competitive feature is an important aspect of any design.
This section evaluates each market design reform proposal along three primary dimensions of
competition:

1. The extent to which the new market product is subject to competition;
The extent to which the reform interferes with or distorts competition within the energy and
ancillary services markets;

3. The extent to which L3Es can procure their own supply or hedge their costs of procuring the
reguired product.

Table 38. Assessment of Market Competition and Efficiency of Each Design

Load Serving Entity Rellability Obligation (LSERC)

Most Competities 1. The LSERD design walues the reliabllity contribution of all resources in a
technolagy-neutral manner based on their ability to contribute to system
reliability. *

2. Al resources, whether they are participants in the reliability credit market or not,
are elgible to fully participate in the energy/AS market which enables these
resourcas 1o help moderate energy prices,

3, L5Es can almost completely hedge their nsk by precuring reliability credits through

bilateral forward contracts,

Forward Reliability Market (FRM)

Most Competitiee 1. The FRM design values the reliability contribution of all resources in a technology- |
neutral manner based on their ability to contribute to system reliability.

2. Al resources, whether they are participants in the reliability credit market or not,
are eligible to fulty participate in the energy/AS market which enables these
resoufces to help moderate energy prices,

3, LSEs can procure reliability credits in the ERCOT auction or can almost completely

hedge their risk through bilateral forsard contracts.

Performance Credit Mechanism (PCM)

deutral 1. While the PCM design compensates all resources in a technology-neutral manner
based on their demonstrated ability to contribute to system needs during the
tightest 30 hours® each year, this may not be completely aligned with the hours
that drive system reliability requirements. * For example, a resource’s true

AUIF the LSERD design were ta be implemented in a nan-technalagy-neutral manner, &g, by excluding the cost/campensation
of resowrces such as wind or sofar, this would dirminish its effectiveness as a competitive market mechanism,

1 1f the FRM design were to be implemented in a non-techaology-neutral manner, eg., by excliding the costfeompensation of
respurces such as wind of solar, thés would diminish its effectiveness as a competitive market mechanizm

5 or another administratively pre-datermined nurmber of hours

i the PO design were 1o be Implemented in a non-technology-neutrad manner, e.g. by excluding the costfcompensation of
resources such as wind or solar, this would diminish [ts effectiveness as a competitive market mechanism



Least Competithee

reliability walue may be driven by its performance during extreme events that do
not ocour every year (which could be captured through an acereditation process),
wihile the PCM would compensate resources for their performance each year, even
il extreme events did not ocour.

. All resowrces, whether they are participants in the performance credit market of

not, are eligible to fully particepate in the energy A5 market which enables these
resources to help moderate energy prices, It is possible that some resources may
change their bidding behavior B increase their availability during the 30 hours (For
example: a battery increasing its bid price to avoid discharge and increasing its
albsility to offer in more hours).

L5E% can procure PCs in the ERCOT settlement process o can almost completely
hedge their risk through the voluntary forward market,

Backstop Reliability Service (BRS)
1

BAS eligibility s determined administratively and restricted to a subset of
resources im a manner that is not entirely consistent with their contributicns to
reliability. For example, an B-hour duration requirement maans that a 7-hour
duration resource would not be eligible to participate, even though its value for
wystem reliabiity is clearly not zers and may not be much different than an B-hour
resaurce. if ERCOT s able to independently set reguirements and procure
resources based on ther expected contribubion to rehability, the market
competitiveness would be higher.

Because BRS resources are held out of the market, they are not avalable to be
utilized, even if they would be lower cost than the resources that dispatch ahead
of them, This distorts and increases energy dispatch costs. Additionally, the
dispateh of BRS resources al the price cap créates scancily prcing in hours wherne
no physical scarcity may actually exist.

Because the costs associated with the BRS are procured directly by ERCOT, L5Es
do nok have an ability to procure their own resources.

Dispatchable Energy Credits (DEC)

Least Competitive

1.

DEC eligibdity is determined adrinistratively amd restricted to a subset of
resources in @ manner that is not entirely consistent with thelr contributions to
reliability. For example, a generator with an 8,999 Biu/kWh heat rate is eligible to
generate DECs, while a generator with a 9,001 Btu/kWh heat rate is not even
though both resources contribute dentically to system reliability. IF ERCOT is able
to mdependently set regquirements and procure resources based on their expected
contribution to reliability, the market competitiveness would be highar,

In addition, a resource 5 eligible to generate DECs and earn the assoclated
renemues if it chears in the energy or ancillary service market. This creates the
incentive for DEC generatars o reduce their bids below short-run margingl cost by
an amount equal to what they would expect to earn in the DEC market. The
reduction in bids below short-run marginal cost i a distortion to the energy market
and could result in DEC-eligible generators dispatching in place of resources that
have actual lower short-run marginal energy costs.



7.3 Implementation Timeline

Rapid implementation of any new reliability mechanism is important for improving system reliability in

the near-term. There are two important factors that impact implementation time for each proposed

market design

1. How long would it take to develop full program rules and regulations?
2. How long would it take the market to develop the resources reguired to satisfy the new market
design requirements?

This section evaluates the time to implementation for each market design reform proposal. In the event

that multiple designs were implemented in a hybrid or sequential fashion, this could extend the total
implementation timeline due to ERCOT personnel limitations.

Table 39, Assessment of Eoch Design’s Implementation Timeline

Long
Implementation

Timeeline

Long
Implementation

Timeline

Load Serving Entity Reliability Obligation (LSERO)

The LSERD design is nearly a5 complex as the FRM and requires signilicant technical
analysis and stakeholder engagement to develop final rules, Other markets with a
refiability mechanism have tanff rules that have been developed and medified over many
years, ensuring that these markets perform as intended. The primary analytical tasks to
fully stand wp an LSERQ are 1) develop a structure for resource accreditation, 2)
determine system and L5E needs and 3] develop methodalogy to certify reliakility credit
ownership stemming from bilateral trading. Each of these issues is discuss in mare detail
in Section 8, Addgitions! Considerations and Implementation Options. It would likely take
twa years to develop the rules and regulations for the LSERD.,

Once the rules and regulations are developed, the market will need time to respond to
the market signals created by this new product. To the extent that new resources would
need to be developed, this would require time, likely 1-2 years. Howewver, to the extent
that the LSERD would prewent existing resources from retiring, than this would not
require significant if any time.

E3 therefore estimates that 2-4 years would be needed to fully implement the LSERD,

Forward Reliability Market (FRM)

The FRM design is the most complex and requires the most technical analysis and
stakeholder engagement to develop final rules. Other markets with a reliability
mechanism have tariff rules that have been developed and modified over many yvears,
ensuring that these markets perform as intended. The primany analytical tasks to Fully
stand up an FEM are 1} develop a structure for resource accreditation, 2| determine
system needs, and 3] develop rules for market clearing and transparency, Each of these
isswes is discussed in more detail in Section & Additiona Considergtions ond
imptementation Options. It would likely take two years to develop the rules and
regulations for the FRM,



Once the rules and regulations are developed, the market will need tirme to respond to
the market signals created by this new product. To the extent that new resources would
need to be developed, this would require time, likely 1-2 years. However, Bo the extent
that the FRM would prevent existing resources fram retieing, than this would not require
significant if any time.

E3 therefore estimates that 2-4 years would be needed to fully implemant the FRM,
Ferformance Credit Mechanism (PCM)

Long The PCM design is complex and requires significant technical analysis and stakehalder
Implementation engagement to develop final rules. Other markets with a reliability mechanism have tariff
Timeline rules that have been developed and modified over many years, ensuring that these
markets perform as intended. A completely new set of tariff mules would need to be
developed since a PCM has not previously been implemented in any other market.

The primary analytical tasks to fully stand up a PCM would be 1) determine system PC
needs 2) develop rules to conclude when the most critical hours occur and 3) develop
rules for market clearing and transparency. Each of these issues is discussed in more
dietail in Section 8, Additional Considerations and Implementetion Options, |t would likely
take two years to develop the rules and regulations for the PCIM,

Cnece the rules and regulations are developed, the market will need time to respond to
the market signals created by this new product. To the extent that new resources would
need to be developed, this would require time, likely 1-2 years. However, to the extent
that the PCM would prevent existing resources from retiring, than this would not require
significant if any time.

E3 therefore estimates that it would take approximately 2-4 years to fully implement the
FCM.

Backstop Reliability Service (BRS)

Short E3 wiews the BRS as the quickest design to implement, assuming ERCOT were to pursye
Implementation a pay-as-bid mechanism (options described in Section & Additional Considerations angd
Timeline impleméntation Optians) and could likely be developed m 1 year. As wath ather designg,
the market will need time ta respond to the market signals created by this new product,
requiring 1-2 years for new development or minimal time for retentson of existing
resaurces, In aggregate, E3 estimates that the BRS would take approximately 1-3 years
to fully implement,

Dispatchable Energy Credits (DEC)

The DEC market design is somewhat complex, with the primary challenges being to 1)
define total DEC targets 2] define resource eligibility 3] develop rules for how a resource
can generate a DEC [such as which markets it must clear in and what hours of day). E3

expects it wiould take approximately 1-2 year to develop all rules and regulations for a
DEC market. As with ather designs, the market will need time to respond to the market
clgmals created by this new product, requiring 1-2 years for new development or minimal
time for retention of existing resources, In aggregate, E3 estimates that the DEC would
take approximately 1-4 vears to fully implement,




