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To: Chairman Peter M. Lake

Commissionerwill McAda ms

Commissioner Lori Cobos

Commissioner] immy Glotfelty

Re: Project No. Review of Wholesale Electric Market Design

Dear Chairman Lake and Commissioners McAdams, Cobos, and Glotfelty,

Please attached a whitepa per entitled The Load Serving Entity Reliability Obligation. This

whitepa per proposes a reform to the ERCOT electricity market in response to the provisions

put forward by SB 3 to "establish requirements to meet the reliability needs of the power region." The

proposalwould establish a formal standa rd forelectric ity relia bilityand require load-serving entities (LSEs)

to procure resources to meet this standard if there is a projected supply shortfall across the

entire ERCOT market.

This proposal is submitted by Energyand Environmental Economics, Inc. (E3) and Ms. Beth Garza.

E3 is an energyeconomics consulting with expertise in electricity pla nning, market design, distributed

energy resources, retail rate design, and asset valuation. Ms. Garza is the former independent market

monitor of ERCOT. E3 and Ms. Garza were retained by NRG Energy, Inc. a nd Exelon Corporationto provide

unbiased, independent analysis of ERCOT market design and provide recommendations for practical

reforms that can improve reliability while retaining the core aspects of existing competitive

electricity market.

We appreciate the opportunity to submit this whitepaper and look forward to collaboratively

working with the Commission and other public stakeholders to describe the proposal and provide any

additional support that might be helpful.

Sincerely,

Arne Olson Zach Ming Beth Garza

Senior Partner Director Independent Consultant
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Executive Summary

The Load-Serving Entity (LSE) Reliability Obligation

Whitepaperby Energyand Environmental Economics, Inc. (E3) and Ms. Beth Garza

Sponsored by NRG Energy, Inc. and Exelon Corporation

The proposed LSE Reliability Obligation introduces a formal reliability standard and a mechanism to

ensure thatthere are resources to meet this sta nda rd. The proposal is designed to presen/e

the competitive and customer choice elements of the existing ERCOT energy market, while ensurirg

that there are resources with the right combination of attributes, namely their ability to

perform during reliability events. Additionally, the design would encourage LSEs to make investments

in demand response, because those would reduce the size of the obligation the LSE must meet. Key

elements of the proposal include:

+

+

Reliability Standard: the PUCT determines a formal system reliability standard. ERCOT

calculates the required seasonal reserve ma rgin to achieve this standard.

Resource Accreditation: ERCOT will accredit the reliability value of each resource for each

season. Resources with dispatch limitations whether due to intermittency, energy output

duration limitations, or fuel supply challenges would be accredited according to their

expected performance during reliability events.

System Assessment: ERCOT will project, on a 3-year forward basis, whether there are

accredited resources to satisfythe seasonal reserve margin necessaryto meet the

reliability standard.

Trigger: The PUCT will trigger the LSE Reliability Obligation on a 3-year forward basis when

ERCOT system assessment projects a likelihood of resources to meet the reliability

standard.

LSE Requirement: lftriggered, each LSE would be assigned a seasonal reliability requirement

based on its projected load during critical system hours. LSEs serving interruptible loads

or with demand response capabilities would receive a reduction in their reliability

requirement.

LSE Showing: lf triggered, LSEs would be required to show sufficient resources (based on

resource accreditation) to meet their seasonal LSE requirement on a year-a head

forward basis. Any showing would be assessed a penalty that would be used by

ERCOTto procure accredited resources and correctthe

Performance Assessment: Resources that are accredited with a relia bility value a nd obligated

as part ofan LSE Showing would be required to offer intothe energy market during designated

relia bility events, with penalties assessed for nce.
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Aboutthis Whitepaper

This whitepaper proposes the "LSE Reliability Obligation", a reform to the ERCOT electricity market

structure. The LSE Reliability Obligation was at the Public Utility Commission of Texas on September

30, 2021 under Project No. 52373 in response tothe provisions put forward by Senate Bill 3 of the

Texas Legislature.

The basis ofthe proposed LSE Reliability Obligation is derived from a report published by E3 in 2021tit|ed

ble Markets forthe EnergyTra that provides a foundation for understa ndingthe important

dynamics at play in electricity markets across North America, including the need for a forward signal to

procure reliability

Other important energy system reforms should be considered in conjunction with the LSE Reliability

Obligation, including power-plant and winterization requirements, updated energy

goals and building codes, and better communication between customers, market participants,

transmission and distribution utilities, and retail electric providers.

About theAuthors

Energyand Environmental Economics, Inc. (E3) is an energyeconomics consulting with in San

Francisco, NewYork, Boston and Calgarywith expertise in electricity planning, ma rket design, distributed

energy resources, retail rate design, and asset valuation.

Ms. Garza is the former independent market monitor of ERCOT, and currently with the R Street

Institute, a nonpartisan, public policy research organization whose mission is toengage in policy

research and outreachto promote free markets and limited, effective government.

E3 and Ms. Garza were retained by the project sponsors to provide unbiased, independent analysis ofthe

ERCOT market design and to provide recommendations for practical reforms that can improve reliability

while retainingthe core aspects of existing competitive electricity market.

: www.ethree.com u loads 2021 05 E3-Scalable-Clean-Ener ~Market-Desi
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1. Executive Summary

in the aftermath of Winter Storm Uri, the Texas electricity market has been the subject of a series of

discussions aimed at improving reliability. These efforts to reform the market operated by the Electric

Reliability Council of Texas (ERCOT) have been wide-ranging and have captured the attention of

stakeholdersand policymakers atthe highest levels. The cornerstone of these efforts was Senate Bill 3, a

sweeping law passed by the Legislature directing the Public Utility Commission ofTexas (PUC17

to "establish requirements to meet the reliability needs of the power To inform these market

reform discussions, the project sponsors retained the consulting Energy and Environmental

Economics, Inc. (E3) and Beth Garza, seniorfellow atthe R Street Institute.

As an energy-only market, ERCOT has no formal reliability standard nor any explicit mecha nismto ensure

there are resources to meet a reliability standard. implied expectations ofelectricity

scarcity in fonivard energy prices serve as the primary incentive for Load Sewing Entities (LSEs)

to procure supply and support investment. ERCOT does conduct technical studies of resource adequacy

for its system, which have determined that a 13.75%3 resenie

would be needed to meet the reliability standard
_ _ _ _ _

most commonly used in other loss-of-load
The LSE Rellablllty obllgatlon

event in ten years. However, actual reserve levels lntf0dUCeS 3 f0|'mal

have fallen below that benchmark recently. re|iabi|ity standard and 3

Many stakeholders have put forward proposals to improve meChanl5mt0 ensure that

the reliability of the system, increase protection of there are sufficient resources

consumers, or both. l\-/lost proposals continue

I

to
to meet this standard

substantively rely on the existing market design,

merely modifying the way in which the system operator

derives the prices of energy or the quantities of real-time operating reserves in the energy ma rket.5 These

are actions that may improve reliability but do not establish an explicit reliability standard. Minor

to the current market design are not only insufficient to ensure reliable electricitysupplies

in ERCOT, but in some cases might inadvertently increase financial rewards for generators that do not

consistently contribute to reliability. instead, this whitepaper proposes a mechanism for directly

addressing resource adequacy.

The proposed LSEReliability Obligation (described more fully in Section 5) introduces a formal reliability

standard and a mechanism to ensure that there are resources to meet this standard. Load-

Serving Entities, or LSEs, are responsible for procuring energy on behalf of customers in Texas (both

competitive retail providers and utilities) and are the natural vehicle to procure

1
gdf#naganes=0

ERCOT, Resoume Adequacy, (last visited Sep. 21, 2021) ("The current minimum target reserve rriargii
established by the ERCOT Board of Directors is 13.75 percent of peak electricity demand to serve electric needs in the case of unexpectedly high

demand or levels ofgeneration plant
Reserve margin is as the percentage buffer ofresources needed by the system above and beyond expected peak demand to accountftr JJ

abnormally high load 2) resources outages and 3) operating reserve requirements
For example, see httgs:[linterthange.puz:texas.gov(Documents(52373 SS 11-17848.PDF
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additional resources for reliability, should they be needed. The proposal is designed to preserve the

competitive and customer choice elements of the existing ERCOT energy market, while ensuring that

there are resources with the right combination of attributes, namely their ability to perform

during reliability events.5 Key elements of the proposal include:

+ Reliability Standardzthe PUCT determines a formal system reliability standard (e.g., 1-day-irr

10-years). ERCOT calculates the required seasonal reserve marginto achieve this standard.

+ Resource Accreditation: ERCOT will accredit the reliability value of each resource for each

season. Resources with dispatch limitations due to intermittency, energy output

duration limitations, or fuel supply challenges - would be accredited according to their

expected performance during reliability events.

+ System Assessment: ERCOT will project, on a 3-year forward basis, whether there are

accredited resources to satisfythe seasonal reserve margin necessaryto meet the

reliability standard.

+ Trigger: The PUCT will trigger the LSE Reliability Obligation on a 3-year forward basis when

ERCOT system assessment projects a likelihood of resources to meetthe reliability

standard.

+ LSE Requirement: lftriggered, each LSE would be assigned a seasonal reliability requirement

based on its projected load during critical system hours. LSEs serving interruptible loads

would receive a reduction in their reliability requirement.

+ LSEShowings: lftriggered, LSEs would be required to show resources (based on

resource accreditation) to meet their seasonal LSE requirement on a

forward basis. Any showing would be assessed a penalty that would be used by

ERCOTto procure accredited resources and correct the deficiency.

+ Performance Assessment: Resourcesthat are accredited with a reliability value and obligated

as part ofan LSE Showing would be required to offer intothe energy market during designated

reliability events, with penalties assessed for nce.

A visual overview of the LSE Reliability Obligation process is illustrated in Figure 1.

While resources are often characterized as "dispatLhable" or these distinctions often blurred in a modern electricity system. For exampb,

solar and wind resources can be operated dispatchably. Pairing resources together such as solar andenergy storage can create a resourcewith frm

attributes. Ultimately what matters is a resource's ability to generate power when the system needs it the most. No resource is perfect and all

resources should be characterized on an apples-to-apples basis based on their ability to generate during these critical hours.

LSE Reliability Obligation: Ensuring Electric Reliability in ERCOT 4



1: Overview ofL5E Reliability Obligation Timing

Pre-Assessment

'

"> '.s;;c+
}

. > ERCOT calculates required planning reserve margin

> ERCOT accredits reliability value of each resource

Year 0

> ERCOT conducts three-year
forward system assessment

I> PUCT makes trigger
determination

Year 2 applies only if triggered

D ERCOT determines LSE requirements

l> LSES year-ahead showings

Year 3 applies only if triggered

I> Resources are assessed based on performance

Many core components ofthe LSE Reliability Obligation build on experience and policies in

otherjurisdictions around the or prior reform proposa lsto the ERCOT market.5The end result is a

balanced and comprehensive solution to help ensure electric system reliability for a healthy and

prosperous century Texas.

'
For example, see the Australian Retailer Reliability Obligation (RRO) httgs:([www
For emmple, see comments ofGo|den Spread, a electric generation and transmission utility In the ERCOT market

htt : interchan e. uc.texas. ov Documents 40000 283 735592.PDF
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2. Introduction and Background

The restructuring of the Texas electricity system in the late 1990s introduced many reforms, notably

generation competition and retail choice. It also the role of the Electric Reliability Council of

Texas (ERCOT) as the state's independent system operator (lSO).9 For more than twenty years,

competition and retail choice have served Texas electricity consumers well, allowing for some of the

electricity in the and a rich selection of retail electricity supply products that

individual customer needs and

The cornerstone of restructuring wasthe creation of an offer-based "energy-only" market design,

wherein the lowest priced generators clearthe ma rket and receive a clearing price equal to the ma rginal

generator required to serve customer demand. In this system, there is no explicit mechanism to ensure

there are resources to meet a formal reliability -standard. lnstead, hourly energy prices are

allowed to rise to very high levels (much higher than other electricity markets) with the implied

expectationthat electricityscarcity assumptions forward energy prices will serve as a ncial

incentive for Loadserving Entities (LSEs)to procure supply and support investment.

While this market structure has promoted competition within deregulated environment, concerns

that it may not be sufiicient to maintain reliability are not new. A study commissioned by the PUCT in

2012 found that "involuntarycu rtailment in an market may occur more often tha n customers,

regulators, and policymakers and further that "regulators and policymakers must be

committed to tolerating price Around the world,

In the CU|'l'ent ERCOT similar market structures are only seen in Alberta and Australia;

system, there is ng however, these markets have also been the subject of market

design reform discussions and legislation intended to ensure
mechanism to ensure

resource adequacy.
there are sufficient

resources to meet a

formal reliability standard

in February 2021, Uricrippled the ERCOT

system, knocking out power to over a third of the state's

customers, resulting in damages and loss of life. The

event resulted in the resignation of all sitting commissioners on

the Public Utility Council ofTexas several ERCOTboard members, and the ERCOT While

many of the physical causes of those events may be beyond the reach of electricity market design (e.g.,

challenges with natural gas delivery), Winter Storm Uri nevertheless drew attention to electricty

market design as a contributing factorto the persistent shortfallof generation capacity. Effortsto rectify

this situation have been wide-rangingand have captured the attention of stakeholders and policymakers

regasgx
I)

errol invssrmenr imeglivos and resource adegrrag neweil sgoes gfeifenbgrger n-nudge

ercoi yne 2 21112 gdf
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at the highest levels. The Governor ofTexas has made it clea rthat "maintainingthe reliability of the Texas

electric grid... must remain [the PUCT's] top priority/', 15 while the Texas legislature passed a sweeping law

directing the PUCl' to whether additional services a re needed for relia

Against this backdrop, the ERCOT electricity market has recently experienced unprecedented

development of renewable resources. Wind capacity has increased threefold over the past ten years,

while solar capacity has increased by a factor of overthe past trend is expected to

continue as the falling cost of renewable technologies, the presence of tax subsidies, and customer

preferences for clean generation resources togetherfavor low4:arbon resources such as wind, solar, and

energy storage. The rapid development of renewable resources has prompted some to question the

reliability of an electricitygrid in which renewable energy plays a

Holistically evaluating the ERCOT market (both pa st and future), the authors believe the ERCOT system

faces three major challenges, each of which is described in more detail below.

+ Challenge 1: Ensuring Sufficient Reliable Generation

+ Challenge 2: Ensuring Resource Performance

+ Challenge 3: Adapting to Higher Penetrations ofRenewables

Challenge 1: Ensuring Reliable Generation

The existing ERCOT market sends investment signals purely through the expectation of future energy

prices. Ultimately, resources rely on energy prices that are higher than the variable cost of energy

generation tocover the cost of maintaining existing resources and investing in new resources. Many

of these margins were historically achieved during times of scarcity when supplies were tight. ERCOT's

current energy-only market design incentivizes investment through the expectation of energy prices

resulting from market forces but does not require that a quantity of resources will be

constructed to meeta reliability standard.

A number of reforms have been introduced to the market over the past twenty yea rs to enhance the

energy market's ability to provide price signals encouraging investment in reliable generation

resources. The most of these was the introduction of the operating reserve demand curve

(ORDC) in 2014. The ORDC has the effect of increasing the frequency and level of scarcity prices when

market conditions are tight. in response to concerns that the initial ORDC constmct was insufficient to

incentivize necessary investment in new generation, ERCOT subsequently the ORDC in 2018 to

further increase frequency and level of sca rcity pricing in order to increase

These reforms notwithstanding, a review of actual reserve margins relativetothe target reserve

margin needed to meet a levent-in-10-year loss of load standard shows a consistent shortfall over the

h:_rns;;;cagnoLmas.govruoaoegavggnuegznagzsgar.nnrunayganeseo
"

ERCOT Fuel Mix Report.
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past seven years. This means that the ERCOT market can be expected to experience lossof-load events

more frequently than once every ten years.

Figure 1: Historical ERCOT Reserve Margins

16% ,
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Challenge 2: Ensuring Resource Performance

One of the primary issues that led to widespread power outages during Winter Storm Uri wasthat many

existing resources on the system were unavailable to generate electricity due to a variety of factors.

Outages of 25 GW of naturalgas generating capacity is widely regarded asthe single largest contributing

supply-side factor in the power naturalgas power pla nt failures can prima rily be attributed

to 1) the freezing of critical parts of the plants themselves, and .2) the unavailability of natural gas fuel

supplies (an issue that affected both plants with pipeline contracts and those without) and 3) grid

frequency excursions that ca used pla nts to trip subsequentlyexacerbating freezing These

failures reduced the generating capability of the natural gas by 25 GW (nearly 50% of installed

ca pacity), higher than the 14- GW of outages postulated in ERCOT's generation

planning scena rio.21 I n addition, one of the power plants was during

the storm, various coal units froze or tripped and production from renewable power plants was

below average.

- id-o eraIions- eli Ina rlations-

" hltp_s:[[ene;g lTexasBlat|goi1t"62020Z 107l4.gdf

: ww .ercuLcom tt\ enl wcm lists 19 378 SA inter1(120~2D21. df
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It is critical that ERCOT consider the potential reliability challenges of each resource type into its reserve

margin accounting, including the potential for unavailability of natural gas generation. Many of the

challenges faced by natural gas plants had to do with the reduction in gas production due to freeze~offs

at natural gas wellheads. Whilethis portion ofthe energy sector is outside the purview of market

design, it is nonetheless criticalthat ERCOT considerthis risk in any effortsto plan for a reliable electricity

system. Ifthe reliability and resiliencyof naturalgas production and the pipeline system improves due to

reforms, ERCOT can and should reflect those changes in the expected reliability of natural gas pla nts.

that happens,the evidence is plain that power plantsthat rely on pipeline fuel cannot be relied upon to

provide criticalgeneration services duringthe winterseason tothe same extent as plants with fuel

storage. Meanwhile, power plants of all types saw at their own equipment. The PUCT has a

separate, ongoing proceeding to impose mandatory weatherization requirements on all power plants,

regardless offuel

Another important aspect of thermal plant performance is consideration of planned outages due to

maintenance. All generators need to ensure that they have time during the year to go offline

and perform routine, necessary maintenance, often for weeks at a time. Generators often attempt to

schedule maintenance during the spring and fall "shoulder" months when weather is mild and demand

for electricity is low. Recently, there have been instances that despite mild weather/demand, so much

generation was for maintenance that ERCOT had to publicly request load reductions to avoid

SB 3 recognizes this by granting ERCOT authority to or deny...

planned power outage during any season for any period of time/'25 Power-plant weatherization and

outage coordination are standards-based functions that are internal to the power sector and can help

improve the availability of power plants. The improvements that can be hardwired into the system

through sta ndard-based regulation should be accounted for in expectations of resource performance.

Challenge 3: Adapting to Higher Penetrations of Ren ewables

Considering the changes to generation mix that are expected to occur over the next

decade, market reforms should be robust to any future grid mix, including penetrations of higher

renewables. Wind and solar generation are inherently variable and uncertain, creating challenges for

system operators that must be managed through market operations. Two challenges

arising from higher penetration of these resources are (1) ensuring operating to

address intraday variability and forecast error, which can be remedied through reforms to

ancillary services and unit commitment procedures, and (2) ensuring there is installed capacity

during periods of low renewable generation, i.e., high "net load", which must be addressed through

broader market reforms aimed at investment.The latter is the subject of this paper, though the proposal

is complementary with reforms to ensure better sa me-day or day-ahead operating practices and price

formation.

'3
https://interchange. puc.texas. gov/Search/FilingsfcontrolNumber=51840

'5 httgs:((cagitottexas.gav[tlodocs(8751bil|te;t[gdf[SB000O3F.gdf#nay2a nes=0
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As the presence of varia ble resources inthe electricity system increases, the most challenging periods for

reliability will tend to shift away from thetraditional gross system peaktothe "net system

net peak is as system load minus the output from variable generation resources. This

phenomenon is welldocumented in jurisdictions that have begun to adapt resource adequacy planning
to accommodate high penetrations of renewables. An example is evening hours alterthe sun has set but

when electricity demand is still relatively high. Periods of prolonged low renewable generation that reduce

wind and/or solar output for multiple days or during extreme cold weather represent another potential
future challenge. Multi4:lay events of sustained low renewable generation also have implications on the

reliability value of energystorage, which is often constructed with a discharge capa bilityof 4-6 hours.

The challenge of incentivizing reliability under an energy-only market framework is

also exacerbated under a high-renewable electricity system. increasing penetrations of variable

renewable energytend to increase volatility in energy markets, which will experience prolonged periods

of very low or negative prices (due to excess wind or solar generation) punctuated by infrequent periods

of very high prices (due to a dearth of wind or solar generation). While these infrequent periods of high

prices can theoretically provide a economic price signal to generation, they create an

increasinglyuncertain signalfor investors regarding whethersca rcity pricing will materialize and, ifso, for

how long. Further, investors must trustthat policymakers or regulators will not high prices if

they do occur either through market repricing or prospective changes in price caps. It also requires

acceptance of risk of periods of low electricity reserves. It is important that any future market design

provide investa ble, and predictable signals to market participants to procure the appropriate

amount of reliability

htt 5: www.sciencedirect.com science article abs ii
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3. Objectives of Market Design Reform

The market design reforms proposed in thiswhitepa perare aimed at achieving six key objectives toward

the improvement of the ERCOT market design. These are listed below, with a more detailed description
of each provided in this section. These objectives were developed based on the industry experience of

the authors and their reading of SB 3. The whitepaper evaluates a variety of potential market design

reform options based on their ability to help the system achieve each of these design objectives.

3: Key Objectives afMarket Design Reform

Reliability
0 ) Does the market design result ln more steel in the ground that

contributes to the reliability needs of the system?

Economic Efficiency
0 E Does the market design achieve resource adequacy and operational

reliability at minimal cost to society?

Competition

9 X Does the market design maintain consumerchoice and allow for retail

provider differentiation?

\ S. B. 3 Responsiveness
o f\ Do the market design reforms provide a solution to the requirements

imposed by Senate Bill 3?

. . Stakeholder Acceptability
6 is the proposed market design acceptable to the unique set of Texas

stakeholders?

Implementation Barriers

6 Can the market design reform be implemented in a timely manner.

without additional legislative action?

A more detailed description of each ofthe objectives of market design reform is provided below.

Reliability

Reliable electricity service is essentialforthe preservation of life and property and to the functioning of a

modern economy. Maintaining and enhancing electricity system reliability is a bedrock principle for any

sustainable market design. Maintaining reliability requires both ensuring adequate supplies of energy

resources are available to the system operator and ensuring that the system operator can deploy those

resources to address operational reliability challenges. Market operators and regulators often set explicit

reliability standards for both the fonlvard investment time frame (usually referred to as "Resource

Adequacy") and real-time operations. This paper focuses on the Resource Adequacy dimension of

reliability.

Resource Adequacy the sufficiency of resources (i.e., "steel in the ground") to meet a

reliability sta ndard. Although not mandated/prescribed, ERCOT does have an informal relia bility

LSE Reliability Obligation: Ensuring Electric Reliabllhy in ERCOT 11



target of loss of load event in 10 years," as described However, regulators are free to setan

appropriate alternative standard, using regulatory judgement and Determining a

reliability standard will clearly delineate which events are within and outside of the planning

standard. Stated simply, a mandatory ERCOT reserve margin should be esta blished toensure a bright line

of what level of system relia bilityshould minimally be achieved, enforceable through a market design.

Resources contributeto system reliability by generating power duringtimes when the system has highest

loss of load probability for example during periods of high net load, during events with higher than

expected generator outages, during periods of low renewable supply, or during periods of constrained

fuel supply. The authors believe the market design reform should clearly and directly ensure that there

are resources to meet the reliability standard, without reliance on indirect market

mechanisms that may not deliver investment.

Economic Efficiency

Any market design reform should promote economic efficiency, minimizing costs to society. Ensuringthat

the electricitysector can deliver electricity at a low cost is a core goal of competition and one of the key

drivers of restructuring the Texas market over twenty years ago. ERCOT is an industry leader in market

designs that maximize and should continue to prioritize this objective to support economic

growth and consumer welfare.

Competition

Another key tenet of the Texas electricity market design is the important role of competition and free

market principles. Texas fully embraced this goal over twenty yea rs ago through the restructuring of the

generation and retail supply monopolies. Today, the Texas retail market offers a wide range of

electricity supply options, allowing each customer to choose from over a hundred unique retail electric

providers (REPs) that offer products in the competitive-retail market. A key market design principle is to

maintain this level of customer choice, allowing customers to contract with retailers that meet their

preferences for risk, price, emissions, and other important factors. This entails minimizing the role of

i.e., costs that are uniformly spread across all customers in a waythat reducesthe ability of

providers to differentiatethemselves.

SB3 Responsiveness

in response to the aftermath of Winter Storm Uri, the Texas legislature passed Senate Bill 3, a

sweeping and comprehensive set of energy sector The law addresses many topics, including

infrastructure weatherization, load shedding, customer communication, and new ancillary services.

httg:[(www.ercot corn[conteng[gridinfo[resource(2015[ml<tanalysis(Bratt|e ERCOT Resource Adeguag Review 2012 45-01.gdf
"Alternative reliability metrics include loss of load expectation (LOLE), loss of load hours (LO LH), loss of load events (LOLEV), and expected unserved

energy (EUE). For each metric, regulators must decide on the stringency or standard used e.g. 2.4 LOLH. For more information, see

rt 5' www.nerc.com comm P Probabilistic%20Assessment%20Workin %2OGrou o20PAWG a2 e20RElEK Probabilistic o20Ad9 ua %20and

%20Measuv es%20Remrt. gdf
1' httgs:((cagitol.texas. govltlodocsl87R[billtext[gdf[SBO0D03F. Edfffnayga nes=0
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Sections ofthe law direct the PUCT to "evaluate whether additional services are needed for reliability/'
and to a ncillary or reliability services on a competitive but leave tothe

PUCT in how to implement these directives. The market design proposal put forth in this whitepaper

responds directly to the directives of SB 3. the portions of the law that this market design

proposal addresses are listed below.

Key Provisions from Section 18 ofSB 3 Dispatchable Generation

+ Establish requirements to meet the reliability needs of the power system

+ Periodically, but at least annually, determine the quantity and characteristics of ancillary or

reliability services necessary to ensure appropriate reliability during extreme heat and extreme

cold weather conditions and during times of low non-dispatchable power production

+ Procure ancillary or reliability services on a competitive basis to ensure appropriate reliability

+ Develop appropriate performance requirements for providing services... including

appropriate penalties for failure to provide services

+ Ensure resources that provide services are dis patchable and able to meet continuous operatirg

requirements for the season in which they are procured

+ Winter resource capability Include on-site fuel storage, dual fuel capability, orfuel

supply arrangements

+ Summer resource capability include procedures to ensure operation under

drought conditions

Key Provisions from Section 14 of$B 3

+ Review the type, volume, and cost of ancillary services to determine whether those services will

continue to meet the needs of the electricity market in the ERCOT power region

+ Evaluate whether additional services are needed for reliability in the ERCOT power region while

providing adequate incentives for dispatchable generation

+ Modify the design, procurement, and cost allocation of ancillary services for the region in a

ma nner consistent with cost-causation principles and on a nondiscriminatory basis

Other topics in SB 3 related to reliability include, but are not limited to, weatherization standards,

customer communication protocols, and critical infrastructure mapping are important for the PUCT to

address and should be pursued in tandem. Market design reform does not limit or affect the manner in

which these items should be addressed. However, they are not discussed extensively here as they are

outside the scope of this whitepa per.
'
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Stakeholder Acceptability

in order for any market design reform proposalto be successful, it must be acceptable to the broad group

of stakeholders that it would impact. Groups of important stakeholders include, but are not limited to,

residential, commercial, and industrial customers; generators; developers; retail providers; public power

utilities; environmental advocates; ERCOT; the PUCT; the Legislature; andthe Governor.

implementation Barriers

All meaningful market design reforms will require approval from the relevant Texas regulatory agencies

(the Public Utility Commission of Texas (PUCT) or the Railroad Commission (RRC)). Market reforms that

are able to leverage existing regulatoryauthority have the highest likelihood of swift implementation.
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4. Market Design Reform Options

In developing the proposed LSE Reliability Obligation, the authors carefully reviewed many different

market designs in use around the world as well as proposed market design reforms offered by a variety

of stakeholders. Emerging from that review were a series of market design reform options

that are described in this section. These candidate options were then evaluated based on the market

design reform objectives described in Section 3.

Centralized Capacity Market

A centralized capacity market ensures there is capacity through centralized capacity

procurement, generally carried out by the system operator. In this structure, the system operator

determines thetotal qua ntity ofca pacityneededto achieve a specified reliability target a nd then procures

that quantity of capacityvia an auction process where individual resources offer bids for capacityand the

lowest bids clearthe auction. In this sense, the target relia bility of the system is an input and the price of

capacity needed to achieve that standard is an output. Each load serving entity is required to purchase

capacity equal to their share oftotal system capacity requirements, at a single clearing price as

determined through the capacity auction. These markets have the benefit of transparency and reduced

transaction costs, however, the uniform clearing price has the potential to crowd out the bilateral

dealmaking that is core to a more decentralized, competitive-retail market like ERCOT. The centralized

framework is most notably used in the Northeast U.S. by PJ M, Independent System Operator of New

England (ISO-NE), and the New York Independent System Operator (NYISO) electricity markets.

Individual Load ServingEntity Obligation

An individual load serving entity obligation requires each LSE within the electricity system to procure a

quantity of resources to meettheirshare oftotal system-wide reliability requirements. LSEs can

satisfy this obligation through ownership or contractual relationships with independently-owned

resources and can bilaterally trade the reliability attribute of resources with other LSEs. This format is

most notably used in the Southwest Power Pool (SPP) electricity the California electricity

and has been recently introduced in Australia National Energy due to the challerges

imposed by renewable energy. The Midcontinent Independent System Operator(M|SO) has a hybrid

model where LSEs procure ca pacityindividually, subject to a systemwide obligation determined by MISO,

and MISO holds an auction to clear any residual capacity needs. Under this framework, the reliability

standard is an input, determined by the regulatorand/or system operator, while cost is an output unique

to each LSE based on their contracted capacity. This framework, adaptedto ERCOT, is at the core ofthe

LSE Reliability Obligation proposal that this paper makes in Section 5.

s: www.s .or en ineerin resource-ade ua
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Targeted Capacity Payments

Targeted capacity payments compensate resources with an administratively-determined price for

their contributions to the relia bility of the system. In effect, this policy creates a subsidyfor capacitythat

results in more of this product than would have occurred in its absence. In this sense, the price ofca pacity

is an input while the output is the ultimate achieved quantity of reliability resources. While targeted

payments for capacity are relatively rare in the electricity sector, targeted payments for other electricity

products, namely clean energy, are relatively common. In the American experience, such payments

typically are expressed in the form of federal or state tax subsidies. Examples oftargeted clean energy

payments include the U.S. federal investmenttax credit (ITC), the U.S. federal production tax credit (PTC),

and feed-in-ta riffs (F|Ts)that are common across the globe. Tothe extentthat ta rgeted capacity payments

are used, they are often limited to technologies on resources in special circumstances for

example, zero emission credits (ZECs) targeted toward nuclear resources at risk of retirement in New

and targeted payments to fuel-secure resources at risk of retirements in ISO-N

Strategic Reserve

A strategic reserve product is a centrally procured quantity of ca pacitythat is held outside of the market

for use during scarcityor other time periods. The most notable use of this isthe U.S. strategic petroleum

reserve, which is held by the federal government in the event of sudden and unexpected supply

contraction and/or price increases of petroleum products in order to limit shockto the U.S.

The strategic reserve is procured by a centralized entity, with costs allocated to all market participants (or

taxpayers). The appropriate quantity of strategic reserveto procure is often arbitraryas the product will

exist alongside products procured by the competitive market wherethe ncy or deficiency quantity

is often unknown to some degree.

Use ofthis design has been proposed for use within the electricitysector buttodate has been ra rely used,

with the most prominent examples being used to a small degree in the socialist countries of Sweden and

A strategic reserve resource can be used in two ways: 1) fully optimized with the market, bidding and

participating identically to all other plants in the market, or 2) held back for use only during times of

scarcity, which is practically implemented by only allowing these plants to bid into the market atthe price

ca p. Inthe case, the strategic reserve functions as a nea substitute for private procurement

of reserve capacity. In the second case, the strategic reserve does not distort the functioning of the

electricity market, but instead serves as an emergency insurance policy against an extraordinary event

that is outside the realm of standard system planning. However, because the resources are dispatched

very infrequently and only at the price cap, captive ratepayers are requiredto bear the entire cost ofthe

nxserda .ny. QvlalI-programggrogams(clean-enery-standard
" htt 5: www.isr>ne.cnm committees ke
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of reserve capacity in the form of a non-bypassable uplift charge. Astrategic reserve is likelythe most

economically policy that might be pursued among those reviewed.

Energy Price Formation / ORDC Modification

Even Texas's electricity market features a number ofadministrative factors that impact the

clearing price of energy, the costs to consumers, the margins to producers, and the operations and

investments in the electricity system. The most common intervention in the market is a price offer cap,

which today is set at $9,000/MWh.37 During the early years of restructuring in Texas, scarcity price

formation was solely dependent on the submission of high energy offers, but it eventually became clear

that this energy price signal raised competitive concerns and did not incentivize capacity. To

compensate, ERCOT introduced the operating reserve demand curve (ORDC) in 2014 that effectively

added a price adder during hours when supplies were scarce but there was not yet load shed

The introduction of the ORDC has increased the energy price signal and resulted in more capacity than

would have othenivise been procured in its absence.

ORDC Elongation

The current frameworkand administrative control of the ORDC has become a subject for energy market

reform, with proposals to modify its application in the hope that a reformulation will better support

investment incentives for generation. One proposalfor ORDC reformthat has been put forward by a

number of stakeholders is an ORDC withthe scarcity price reduced in the hours with lowest

reserves (most scarce) and increased in hours with more reserves (semi-scarce). This potential elongation

reform is illustrated in Figure 4.

Figure Iilustration of0RDC Elongation

$9k

Current

ORDC

ORC$/Mwh
ORDC

Price
Adder

MW of Reserves

The genesis ofthis reform is based on the observation that the current ORDC formulation leads to "feast-

pricing, with the vast majority of energy-ma rket margins occurring in the relatively infrequent

hours of severe scarcity. This has resulted in an inconsistent price signal that is seen as a barrier to

3' httgs:[[www.puc.texas.gov(a gency[rulesnla&/subru|es_/ electrlc[25.505(25.505.pdf
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new capacity projects. Elongation would lead to more consistent payments for resources by

targeting many more hours.

However, an elongation of the ORDC inherently results in a reduction of price during hours when energy

is most needed and an increase in price when energy is less needed. This framework may result in

unintended consequences such as increased payments to resources that do not materially improve

system reliability. While this market reform may increase the incentive for reliability resources, it suffers

from the same challenges as existing energy-only market design in that it is not designed to

ensure resources necessaryto meet a relia bility standard. lfthe system-wide offercap

in ERCOT is lowered, while incidences of the ORDC adder are increased, even while energy-market

revenues are held constant, it would likely increase the need for a reliability backstop like the one

proposed here.

ORDCAppIicatian to Select Resources

Another potential energy market price reform that has been discussed is the application ofthe ORDC to

only select resources, e.g., thermalgenerators. Whilethese resources may provide more reliabilityvalue

than varia ble ordispatch-limited resources such as wind, solar and batterystorage, it does not follow that

variable or dispatch-limited resources have no relia bility value. Differentiating paymentsto resourcesthat

are simultaneously providing identical amounts ofenergy to the system simply based on the technology

would create market friction, and distortions. lmplementingsuch a reform would

necessa rilydeviate from a core tenet of shared by all electricity markets across North

America, i.e., that resources are paid uniformly for uniform services. The end result would inevitably lead

to higher prices for consumers, lower relia bility, or both.

Operating Reserve Requirements

Closely tied to energy price formation is the idea of procuring more resources on

standby on a real-time basis to ramp up in the event of a potential sudden in renewable

generation i.e. "net load This market design ca n also incentivize resources to be

more fuel secure, as is being pursued in New However, a solution to procure higher operatirg

reserves only works if there is "steel in the to actually provide the additional reserves.

Historical and potential future reliability challenges are primarily driven by resources overall,

not the inability to utilize or commit existing resources on a real-time basis. To the extent that reliability

issues are driven by wintertime fuel supply shortages, these are generally physical constraints, caused by

either a sudden drop-off in supply (Texas) or maxed out natural gas pipelines (New England). in either

case, the solution to the problem is physical investment in new pipelines or fuel storage as opposed to

operational changes.

a a e-04152020. df
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5. LSE Reliability Obligation

This whitepaper evaluated all potential market design reform options in Section 4 against the objectives
of market design reform described in Section 3. The LSE Reliability Obligation proposed in this paper

scores highly on a qualitative basis relative to many of the reform objectives, striking an appropriate

balance between ensuring reliability and preserving Texas's competitive market structure. This section

provides a detailed overview of the LSE Reliability Obligation, while the following section provides a

comparison of the LSE Reliability Obligation to other potential alternatives. The whitepaper seeks to

provide detail to make the proposal understandable without being overly prescriptive in the

numerous implementation details that must necessarily follow. In each case, it describes the issue at

stake, discussesthe pros and cons and various design choices,

Because LSES are the primary and provides a sense as to the reasonable range of

entities that manage power implementation options for each component.

procurement today, it isa Load serving entities (LSEs) are the entities responsible for

netu I-ai extension that LSE energy procurement on behalf of customers in Texas. They

manage price, risk, environmental performance, and other

_ _

important attributes of an integrated portfolio of supply
Serwces 'f needed

resources, as well as forecasting and offering incentives to

their customers to shape or reduce demand. LSEs include

competitive retail electric providers (REPs) in areas of ERCOT open to retail choice, municipal and

cooperatively owned utilities, and large industrial customers that procure energy for themselves directly

from the ERCOT market. Because LSEs are the primary entities that manage power procurement today, it

is a natural extension that LSEs should procure reliability services for their customers if needed.

should procure reliability

Overview

The premise ofthe LSE Reliability Obligation is the idea that ERCOT and the PUCT should specify a desired

reliability standard and develop a market mechanism that intervenes to ensure that resources

are procured to meet the standard in the event that the investment signals provided by the

energy-only market alone prove inadequate. The key elements of the LSE Reliability Obligation are listed

below, with more detail provided throughout the rest ofthis section.

+ Reliability Standard :the PUCT determines a formal system reliability sta nda rd (e.g., 1-day-in-

10-yea rs). ERCOT calculates the required seasonal reserve margin to achieve this standard.

+ Resource Accreditation: ERCOT will accredit the reliability value of each resource for each

season. Resources with dispatch limitations whether due to intermittency, energy output

duration limitations, or fuel supply challenges would be accredited according to their

expected performance during reliability events.

+ System Assessment: ERCOT will project, on a 3-year forward basis, whether there are

accredited resources to satisfythe seasonal reserve margin necessaryto meet the

reliability
I

LSE Reliability Obligation: Ensuring Electric Reliabilty in ERCOT 15



+ Trigger: The PUCT will triggerthe LSE Reliability Obligation on a 3-year forward basis when

ERCOT system assessment projects a likelihood of resources to meet the reliability

standa rd.

+ LSE Requirement: lftriggered, each LSE would be assigned a seasonal reliability requirement

based on its projected load during critical system hours. LSEs serving interruptible loads

would receive a reduction in their reliability requirement.

+ LSE Showings: lftriggered, LSEs would be required to show resources (based on

resource accreditation) to meet their seasonal LSE requirement on a

forward basis. Any showing deficiency would be assessed a penalty that would be used by

ERCOT to procure accredited resources and correct the deficiency.

+ Performance Assessment: Resourcesthat a re accredited with a relia bility va lue-a nd obligated

as part ofan LSE Showing would be required to offer intothe energy market during designated

relia bility events, with penalties assessed for non-pe rforma nce.

A visual overview of the LSE Reliability Obligation process is illustrated in Figure 5.

Figure 5: Oven/iew afL5E Reliability Obligation Timing

Pre-Assessment

> PUCT establishes formal reliability standard

> ERCOT calculates required planning reserve margin

> ERCOT accredits reliability value of each resourcennnnnnnnn
Year 0

> ERCOT conducts three-year
fonlvard system assessment

I> PUCT makes trigger
detennination

Year 2 applies only If triggered

l> ERCOT determines LSE requirements

LSEs file year-ahead showings

Year 3 applies only if triggered

> Resources are assessed based on perfonnance
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Reliability Standard

The PUCT will need to determine an appropriate relia bility standard for Texas and in doing so will implicitly
decide what events should be included in the system planning standard and what events fall outside the

standard. It is important to note that no electricity system plans for perfect reliability, so some firm load

shedding should be expected. While the "1 loss of load event in 10 years" standard is commonthroughout

North America, policymakers have begun to explore alternative metrics as shown in Table 1. A standard

based on expected unserved energy may have helped to mitigate some of the worst impacts of Winter

Storm Uri due to the sheer magnitude ofthe power outage.

The two components of a reliability standardare 1) the selected reliability metric, and 2) the stringency

of this metric. Example reliability metrics are provided below.

Table 1: Overview afReIiablliry Metrics

,, , _. , ____,, ,

LOLE L-Pad The expected number of days per yearwhere load +

reserves exceed available generating capacity at least

once during the day

EUE Expeded Averag e total quantity of unserved energy (MWh) over a

year due to load + reserves exceeding available
gy

generating capacity

'-OLH Expected average number of hours per year where load

+ reserves exceed available generating capacity

L01-EV
'

Average number of loss of load events peryear. of any
Events

duration or magnitude. due to load + reserves exceeding
available generating capacity

The stringency of the standard assigns a numerical target tothe chosen metric: For example, 0.05 LOIE

0.1 LOLE (loay-in-10-years), or 0.2 LOLE

Once a reliability standard has been determined, ERCOT should calculate the required planning reserve

margin (PRM) to achieve that standard, using industry best An illustration of this process

provided below.

Conversion of reliability standardto required reserve margin describedon page 3: Mt s: v ethree com -content u loads 2020 08 E3-

Practita -Application-of-ELCC.gdf
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Figure 6: Translation ofReliabilitystandard to Planning Reserve Margin (PRM)
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Resource Accreditation

Going with the reliability standard and required planning reserve margin is the

determination of a ability to contribute to meeting that standard. Individual resource

accreditation would be measured as a percentage (%) value, potentially reducing a maximum nameplate

ca pacity (MW) to a reliability va lue.

Characterizing a reliabilityvalue has historically been a relativelystraightforward exercise when

most resources were i.e., always available for continuous periods of time except during forced

outages. Resources such as nuclear, coal, and naturalgas (with reliable fuel supply) this description

However, the determination of effective capacity is more complex and challenging for variable and

dispatch-limited resources such as wind, solar, energy storage, or thermal resources with

limitations such as air permits that constrain runtime, lack of fuel supplies, or risks of correlated

outages. At its core, the exerciseto quantify reliability value should determine if resources are available

when thesystem needs them the mast during critical scarcity hours.

ERCOT currentlyqua the reliability value of wind and solar toward its planning reserve margin via a

Seasonal Peak Average Solar/Wind Capacity as a Percentoflnstalled Capacity metricthat is calculated as

the average output ofsola r/wind during the 20 highest system load hours during prior summer and winter

However, this approach does not account for the fact that the most important hours for

ERCOT Protocol Section 3.2.6 ht_t9:[(www.ercot.comicontentiwcmlcurent guides(53528(D3-110119 Noda|.docx
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relia bility are increasingly not peak gross load hours, but peak net load This has been the subjed
of nt sta keholdercomment." When the quantity of renewable energy was small, simple heuristrs

such as the top 20 hours approach were not materially impactful on the aggregate assssment ofsystem

reliability. However, as renewable penetrations have grown, the need for more robustand sophisticated

metrics has become increasingly clea r to electricity ma rket operators a nd pa rticipants across the country.

ERCOT also quantifies the reliability contribution of thermal resources such as natural gas, coal, and

nuclear using seasonal maximum sustainable These values, which are close to the maximum

nameplate capacityof the units, do not account for fuel-supply disruptions or correlated winter outages,

which can occur in extreme weather circumstances that can affect many plants simultaneously. ERCOT

should incorporate this factor into the reliability contribution of thermal resources. In light of

Storm Uri, ERCOTshould alsoconsiderthat the

of fuel supply does not affect all plants equally.
A resourcels accredited reliability

Geographic location, connectivityto intra-versusinter-
_ _ _ _

state pipelines, connectivityto naturalgas storage, and
Value shoum reflect llrmtatlons

the presence of fuel (or backup fuel) are all uncertain wind orsolar

relevant considerations that can impact the reliability energydispatch
contribution ofthermalresources.

limitations or U"dependable fuel

A accredited reliability value should reflect suppnes _ on a app[es_t0_app|es
its limitations from uncertain wind or solar output,

energy dispatch limitations, or undependable fuel

supplies on an apples-to-apples basis between all

resources. Over the past decade, there has been a growing movement toward the use of the effective

load carrying capability (ELCC) metric to quantify the reliability contribution of diverse resources on an

equivalent basis. ELCC is a technology-neutral measurement of the equivalent capacity from

intermittent, orfuel-insecure resources. For example, if the marginal ELCC ofwind is 15%,

an additional 100 megawatts of wind would provide the same reliability benefit to the system as an

additional 15 megawatts of capacity. The ELCC metric stands in contra st toother alternative

"rule of approaches (such as based on its ability to assess each expected

performance during the and infrequent hours that are most important for system reliability.

basis across all resources

Four ofthe six U.S. electricity markets with a resource adequacy progra m or an organized capacity market

CAISO/*5 PJ M") currently use ELCC or will use ELCC by 2023. The other two electricity

" Net loadls mktdated as gross load minus me contribution ofsolar, wind, and energy-limited resources sud: as storageand hydrov

h : www.ercuL com content wan lists 2198M Ca ci DemandandReservisRe ort Ma 2021. df

.gdl

"
CAISO Resource Adequacy '5 administered through the California Public Utilities Oammission (muq

hn 5- www.( uc 3. av lmrledFiles/Cvllfwebsite Content Ulilitiesl dlmries no 5 lettPownIPro<urementGenemlion/De

mandMode|ing[El.CC 2 15 l9.PDF
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