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Revision Summary

REVISIONS TO THE MAY 2024 REPORT

We received feedback from ERCOT on the State of the Market Report we published in May.
This page will briefly describe the revisions we applied to this version of the report.

Scaling Factor on Figure

In Chapter 1. G.2. Assessment of ECRS Procurement Quantities, the scaling factor we applied to
the vertical axis in Figure 10 was incorrect. The updated figure took its place.

Collateral Requirements

In Chapter I11.B.3. Collateral Requirements, we conflated total collateral requirements with total
collateral held by ERCOT in one paragraph. We also concluded incorrectly that collateral
requirements were disincentivizing some generators from participating in the day-ahead market.
We reviewed our revisions with the ERCOT Credit team, and they can also be found in Chapter
IL.B.3.

Incorrect Units

In Chapter VI.C.1. Interpreting Single-Year Net Revenues, we corrected using units of $/MWh
to describe the cost of new entry and replaced them with the correct units of $/kW-yr.

Demand Response in CDR Report

In our commentary on Chapter VI.G.2. Capacity, Demand, and Reserves Report, we noted that
the report does not incorporate demand response into its demand forecast. The CDR report does
take into account the Emergency Response Service (ERS). We updated the language in that
section to reflect that.

Officer Letter Loads in May 2024 CDR

In Chapter VI.H.1 Load Forecast Chronology, we incorrectly noted that the May 2024 CDR
report did not include officer letter loads. The report includes them but did not treat them at
length since NPRR 1180 and PGRR 107 had not yet been approved and finalized at the date of
publication.

ERCOT Market at a Glance Tables

In Appendix I: Statistics at a Glance, we included the wrong number for the “Energy” line item
in Table A1. This error carried through to the “Energy” line item in Table A2. We corrected the
numbers in both tables’ line items.
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Executive Summary

EXECUTIVE SUMMARY

Potomac Economics provides this State of the Market Report for 2024 to the Public Utility
Commission of Texas (PUCT) in our role as the Independent Market Monitor (IMM). This
report presents our assessment of the outcomes of the wholesale electricity market in the Electric
Reliability Council of Texas (ERCOT). Additionally, we recommend changes to improve the
competitive performance and operation of the ERCOT markets.

ERCOT manages the production and flow of electricity to more than 26 million Texas customers
— about 90% of the state's total electric demand. Every five minutes, the ERCOT market
coordinates the electricity output from more than 1,250 generating resources to satisfy customer
demand and manages the resulting flows of power across more than 54,100 miles of transmission
lines in the region. Additionally, the market prices facilitate the long-term investment and
retirements of resources in the ERCOT region. Hence, the market’s performance that we
evaluate in this report is critical for maintaining reliability in Texas.

This report details the key trends in the ERCOT market, including the evolution of supply and
demand and a review of market outcomes. Key results in 2024 include the following:

Competition and Market Power

e The ERCOT energy markets performed competitively in 2024, and the IMM found little
evidence that suppliers exercised market power in the ERCOT energy market.

o Significant market power exists at both the system and zonal levels. Existing Voluntary
Mitigation Plans (VMP) help mitigate the potential exercise of that market power.
However, not all large suppliers currently have VMPs and the future of VMPs is not
certain given their voluntary nature. Further, introduction of the Dispatchable Reliability
Reserve Service (DRRS) uncertainty product in the future will create additional demand
for available capacity, which may increase market power in ERCOT. Hence, a market
power mitigation provision applied at the system and zonal levels may be warranted.

e In some local areas, transmission system limitations on the amount of power that can
flow into the area can increase opportunities to exercise market power. However,
mitigated offer price caps effectively addressed this concern in 2024.

Demand for and Supply of Electricity

e Peak demand declined by 0.3% due to less extreme temperatures in the summer, but
average demand increased by 3.5%. New monthly peak demand records were set for
January, April, May, October, and November.

e An influx of new supply contributed to a lower frequency of tight system conditions in
2024. The vast majority of this new capacity was solar and energy storage adding 7.5
gigawatts (GW) and 5 GW of new capacity, respectively. Most of this new capacity was
built in the South and North zones.
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Market Qutcomes and Performance

e The ERCOT Contingency Reserve Service (ECRS) was less impactful because of
increases in supply and less extreme weather conditions, but ECRS procurement and
deployment practices still contributed almost $1 billion in excess real-time market costs.

e Average real-time prices excluding adders fell to $32 per MWh in 2024, a 52% drop from
2023, despite only a 14% decline in natural gas prices. Since gas units are typically
marginal, energy prices (without adders) would normally track gas prices more closely.
However, more than three quarters of the sharp decline in energy prices in 2024 was the
result of less frequent artificial shortages caused by ECRS deployment practices.

e Price convergence was much better in 2024 compared to recent years. Prices in the day-
ahead market averaged $1.46 per MWh higher than in real-time, and the average absolute
difference in prices was only $17.35 per MWh, the lowest since 2020.

e Ancillary services costs dropped to $0.98 per MWh of load from $3.74 per MWh in
2023. This overall drop in the cost of ancillary services corresponds to a decrease in the
average price for all products, but especially for ECRS, whose average price dropped
from $76.77 per MWh in 2023 to only $9.62 per MWh in 2024. This drop was caused by
an increase in supply, particularly from energy storage resources (ESRs), which
contributed a substantial share of all ancillary service volume in 2024.

e Congestion costs in the real-time market totaled $1.9 billion in 2024, down 17% from
2023 and the continuation of a trend that began in 2022. Congestion cost from Generic
Transmission Constraints (GTCs) increased roughly 10% from 2023 to 2024 but was still
significantly lower than in 2022.

Characteristics of Supply and Demand

Changes in the demand for and supply of electricity account for many of the trends in market
outcomes from year to year. We evaluate these changes and their impact on market outcomes.

Demand in 2024

Average demand for electricity in 2024 was approximately 3.5% higher than in 2023 — an
increase of approximately 1,776 megawatts (MW) as the Texas economy continued to grow.
Peak demand in 2024, however, was down 0.3% from 2023 because of less extreme heat in the
summer. Load in West Texas continued to grow much faster than the system-wide average, up
15.7% year on year. This trend in recent years has been driven by expanding oil and natural gas
production activity and thousands of megawatts of Large Flexible Loads (LFLs), large data
centers used for crypto-currency mining.

Supply in 2024

In 2024, approximately 14 GW of new capacity entered commercial operation, including 7.5 GW
of solar, 5.0 GW of ESRs, 1.1 GW of wind, and 500 MW of combustion turbines. Since 2020,
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most new capacity has come from solar and ESRs, with annual average additions of 5.2 GW and
2.4 GW, respectively. The share of generation produced from most types of generation in
ERCOT were relatively flat with wind virtually unchanged and natural gas generation decreasing
by less than one percent. However, changes in the resource mix and fuel prices caused the share
of coal-fired generation to fall from 13.9% in 2023 to 12.6% in 2024, while solar generation rose
from 7.2% in 2023 to 10.4% of all generation in 2024. In addition to solar, ESRs have also been
rapidly expanding in the ERCOT market. Chapter II of this report evaluates and discusses the
integration of ESRs into the ERCOT market and resulting impacts.

Review of Market Performance

ERCOT operates three distinct markets, (1) the CRR auction, wherein market participants can
bid on the right to revenues derived from congestion rent, (2) the day-ahead market, which
allows market participants to take financial positions on energy or to sell physical obligations to
provide ancillary services, and (3) the real-time market, which sets the ultimate price of energy
and manages the physical dispatch of resources while maintaining the reliability of the
transmission system. We discuss the performance of each of these markets below.

Real-Time Energy Prices

Even though only a small percentage of the energy transacted in ERCOT is settled at real-time
prices, the real-time market is critical for setting expectations for future prices and informing
investment decisions. Real-time prices are primarily driven by natural gas prices, because
natural gas power plants are typically the marginal generator, and by shortage pricing. Shortage
pricing refers to the practice of increasing market prices when operating reserves fall below
certain thresholds to reflect the rising risk of insufficient supply and to signal the value of
additional capacity or demand response during tight system conditions. In practice, these price
adders include the Operating Reserve Demand Curve (ORDC), the Real-Time Reliability
Deployment Price Adder (RDPA), and elevated marginal prices associated with ESRs or
committing a quick-start generator.

Natural gas prices declined 14% from 2023 to 2024, but the price of energy excluding price
adders dropped by almost 52%. The reason for this discrepancy is that there was less artificial
shortage pricing caused by ERCOT’s ECRS deployment practices in 2024 than in 2023.
Shortage pricing was also much less significant in 2024 than in recent years. As an energy-only
market, ERCOT relies heavily on high real-time prices during shortage conditions to provide
economic signals for the development of new resources and retention of existing resources.
ERCOT employs two different price adders to produce efficient shortage pricing, the ORDC and
the RDPA.

The ORDC price adder represents the marginal reliability value of operating reserves under
shortage conditions. As the level of reserves decreases, the probability of load shed increases.
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That probability multiplied by the value of lost load (VOLL) should be reflected in the prices

Natural Gas Price (3/MMBtu)
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The RDPA is triggered by out of market reliability actions taken by ERCOT, such as reliability
unit commitment (RUC) or deployment of demand response through the Emergency Response
Service (ERS) program. The initial effect of these actions is to increase supply or decrease
demand to maintain reliability, which also tends to suppress real-time prices. The RDPA is
meant to reflect the pricing that would have prevailed had the reliability actions not been taken.
The table below summarizes summary the price effects of the ORDC and RDPA adders.

Summary of Prices Produced by the ORDC and RDPA, 2020-2024

ORDC RDPA
Active  Avg Price Avg Price |Active  Avg Price Avg Price
Hours (Active Hours) (All Hours) | Hours (Active Hours) (All Hours)
# $/MWh $/MWh # $/MWh $/MWh
2020 892 $21.60 $2.61 161 $0.62 $0.01
2021 612 $91.75 $7.46 891 $565.82 $70.52
2022 1,458 $36.90 $6.94 1,664 $9.84 $2.18
2023 773 $12.12 $1.27 813 $10.23 $1.03
2024 161 $11.07 $0.25 837 $2.53 $0.24
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In addition to shortage pricing produced by the ORDC and RDPA, prices above what would be
expected based on the price of natural gas can also be produced by high priced marginal offers
submitted by ESRs or quick-start generators. The frequency of these types of price spikes
increased from 2023 to 2024, largely as a result of the increase in generation from solar
resources. Generation from solar resources decreases sharply in the evening during sunset when
demand for electricity is still high, particularly in the summer months. The real-time market
dispatch model increasingly relies on ESRs and quick-start generation to maintain a balance of
supply and demand during this solar down-ramp.

In our 2023 report, we detailed the extent to which ERCOT’s implementation of ECRS in June
2023 resulted in significant excess costs caused by artificial scarcity conditions perceived by the
real-time dispatch model. To recap the fundamental causes of these artificial scarcity conditions:

(1) the implementation of ECRS almost doubled the volume procured of 10-minute reserves;

(2) these reserves are withheld from the real-time energy market dispatch until manually
deployed, which can cause the market to falsely perceive a shortage; and

(3) ERCOT did not effectively deploy ECRS capacity in anticipation of perceived shortages
by the real-time dispatch model.

These factors resulted in frequent artificial shortage pricing when there was no shortage of
operating reserves. Had these been true shortages, that would have manifested in higher prices
produced by the ORDC, as was the case in 2022. This artificial shortage pricing resulted in an
excess cost of more than $12 billion in 2023.

In 2024, ECRS procurement and deployment practices resulted in an excess cost of less than $1
billion. This decrease was caused by less frequent extreme temperatures in the summer and a
significant increase in supply, mostly from solar and energy storage resources. Despite the
decrease in excess cost from 2023 to 2024, the continuation of these ECRS deployment practices
is a cause for concern. Most consumers are not directly exposed to these excess costs in the real-
time market, but these pricing outcomes factor into future contracts offered by retail electric
providers (REPs). Thus, we continue to recommend that ERCOT reconsider their policies for
procuring and deploying ECRS, as covered in Recommendation 2023-3 of this report.

Day-Ahead Market

The day-ahead market allows market participants to take financial positions on energy in
advance of the real-time market. These transactions do not result in physical obligations but
allow participants to manage the risks related to real-time prices and market outcomes. Day-
ahead prices averaged $31 per MWh in 2024, reflecting a modest premium over the $29 average
price produced by the real-time market.

Ancillary services are operating reserves that are purchased by load serving entities in the day-
ahead market. Some of these operating reserves are used to manage short-term fluctuations in
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supply and demand, e.g., regulation reserves, while others are procured to manage contingencies
such as forced generator outages, e.g., responsive reserve service. Awards for these products
amount to physical obligations to provide operating reserves in real time.

Prices for ancillary services are typically correlated with energy prices because ancillary service
prices must clear high enough to make generators indifferent about providing reserves and
foregoing the opportunity to sell energy. Normalized ancillary services costs dropped to $0.98
per MWh of load from $3.74 per MWh in 2023. This overall drop in the cost of ancillary
services corresponds with a decrease in the average price for all products, but especially for
ECRS, the average price of which dropped from $76.77 per MWh in 2023 to only $9.62 per
MWh in 2024. This drop was caused by an increase in supply, particularly from ESRs, which
supplied a substantial percentage of all ancillary service volume in 2024,

Transmission Congestion

Transmission congestion arises when network power flows are restricted due to limits on
transmission infrastructure such as power lines and transformers. Power flows over the network
are determined by topology, i.e., the configuration of the network of transmission infrastructure,
and the locations at which power is injected or withdrawn from the network. When the flow
over a transmission facility reaches its limit, the market will shift generation to higher-cost units
to serve load without violating the transmission constraint. Hence, congestion prevents load
from being served by the lowest-cost generators. When transmission congestion occurs, the
differences in costs of delivering electricity to different locations is reflected in the energy prices
at each location or “node” on the network. These differences in nodal prices provide efficient
economic signals for generators and consumers to produce and consume electricity at different
locations. Congestion rent, which equals the difference between what is paid by consumers and
the payments to generators, is based on the differences in locational prices. The financial right to
this congestion rent accrues to holders of Congestion Revenue Rights (CRRs).

Real-Time Congestion Costs. To show the trends and fluctuations in congestion costs, the figure
below shows real-time congestion costs by month and region for 2024 and the trend in annual
costs from 2020 through 2024. The congestion costs in ERCOT’s real-time market in 2024 were
$1.9 billion, down 17% from 2023 and the continuation of a trend that began in 2022. The
decrease in congestion can be attributed to improved congestion management, particularly
through the effective use of ESRs. We provide more detail on the increasing role of ESRs in
congestion management in Chapter IV. Other noteworthy congestion trends include the
following:

e The West Zone surpassed the South Zone as the load zone with the highest intra-zonal
congestion costs. The West Zone was also the only load zone that experienced an
increase in intra-zonal congestion costs from 2023 to 2024.
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e Several new transmission facilities were energized in the South Zone in 2024 that
contributed to the decrease in intra-zonal congestion compared to 2023.

e Total congestion from GTCs increased by roughly 10% from 2023 to 2024 but was still
significantly lower than in 2022.

e Real-time congestion costs were 3% higher than in the day-ahead market, largely the
result of higher real-time congestion costs associated with GTCs, which are often the
result of forecast error for generation from renewables.

Real-Time Transmission Congestion Costs, 2020-2024
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Congestion Revenue Rights. Participants can hedge congestion costs in the day-ahead market by
purchasing CRRs. CRRs are economic property rights that entitle the holder to the day-ahead
congestion rent between two locations on the network. They are sold in auctions administered
by ERCOT in monthly blocks as much as three years in advance. The revenues collected
through the CRR auction are distributed back to load-serving entities to reduce the costs of
paying for the transmission system. CRR auction revenues continued to rise in 2024, increasing
to $1.7 billion in 2024 compared to $1.4 billion in 2023.

Despite the continued increase in revenues from CRR auctions, payments to CRR holders
decreased for the second year, making payments to CRR holders, which were just under $1.7
billion in 2024, less than CRR auction revenue for the first time since 2015. This convergence
between auction revenues and payments to CRR holders indicates that the value of CRRs is
increasingly reflected in the bidding and clearing prices of the auction. There were no shortfalls
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in CRR payments except for $23 million in derated target payments as described in Chapter
IVIV.

Competition and Market Power

We evaluate market power from two perspectives: structural (does market power exist?) and
behavioral (have attempts been made to exercise it?). Based on our analysis, we find that
significant structural market power continued to exist in 2024, but there is little evidence that
suppliers abused market power in the real-time energy market. We identified a concern with
non-competitive outcomes in the Non-Spin Reserve Service (NSRS) product in the 2022 Report
and changes to the VMPs of larger suppliers were made in response to this concern.

Structural Market Power

For electricity markets, a more effective indicator of potential market power than traditional
market concentration metrics is to analyze when a supplier is “pivotal.” A supplier is pivotal
when its resources are needed to satisfy customer demand or reduce flows over a transmission
line to manage congestion. The results below indicate that market power continues to exist in
ERCOT and requires mitigation measures to address it. Over the entire ERCOT region:

e At least one pivotal supplier existed at the system-level in 63% of all hours in 2024,
compared to 50% in 2023 and 57% in 2022.

e Under high-load conditions, a supplier was pivotal in roughly 90% of the hours.

e Market power at the zonal level is also a concern, with frequency of at least one pivotal
supplier within a zone as high as 66% in 2024,

The frequency of conditions exhibiting structural market power raises concern. The VMPs that
are in place do provide some protection against the exercise of market power. However, not all
larger suppliers have adopted a VMP. We provide a recommendation to pursue market power
mitigation at the system and zonal level later in this section.

Market power can also be a much greater concern in local areas when power flows over the
network cause transmission congestion that isolates these areas. Market rules cap prices that
suppliers can offer in these cases, mitigating suppliers’ ability to exercise local market power.

Behavioral Evaluation

We also evaluate behavior to assess whether suppliers engaged in withholding to increase prices.
Economic withholding occurs when a supplier raises its offer prices to levels well above the
expected marginal cost to produce electricity. Physical withholding occurs when a supplier
makes a resource unavailable. Either of these strategies will reduce output from the withheld
resource and thereby increase the prices paid to the supplier’s other resources.
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e Fconomic withholding. Our output gap metric used to measure potential economic
withholding — the quantity of economic energy that is not produced by online resources —
showed moderate quantities of potential economic withholding in 2024,

e Physical withholding. Both large and small suppliers made more capacity available on
average during periods of high demand in 2024 by minimizing planned outages and
maximizing the generation offered from each resource. These results together with our
ongoing monitoring indicate few potential physical withholding concerns.

Self-commitments by a large supplier continued to lag previous self-commitment levels, which is
likely due to incentives caused by ERCOT’s use of RUC. Two market rule revisions have been
implemented that reduce such incentives.!

Evolution of Supply and Demand in ERCOT

Changes to ERCOT’s Supply Portfolio

Solar and ESRs comprised the largest share of new capacity additions in ERCOT in 2024. This
trend is expected to continue over the next several years, as shown in the following figure. By
the end of 2024, more than 29 GW of solar and 10 GW of ESRs had been installed. An
additional 40 GW of solar and 25 GW of ESRs have already signed interconnection agreements
for installation by 2028.

Development of Renewable Resources and Energy Storage, 2019-2028
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1 Nodal Protocol Revision Request (NPRR) 1092, Reduce RUC Offer Floor and Limit RUC Opt-Out Provision
was filed by the IMM and approved by the Board. The RUC offer floor was reduced to $250 per MWh but
the RUC opt-out provision will be removed once ERCOT completes implementation. NPRR 1172, Fuel
Adder Definition, Mitigated Offer Caps, and RUC Clawback, was implemented by the PUCT on March 1,
2024.
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As the resource mix in ERCOT continues to shift, this transformation will carry several
implications for market performance and reliability:

o Shift of Peak Net Load into Evening Hours: Peak net load refers to the peak of system
demand net of renewable generation. As more solar is added to the grid, these hours are
increasingly shifting later in the day. By 2028, the peak net load hour is expected to
occur in the late evening, when solar output is minimal or zero, but demand is still high.

¢ Changing Capacity Factors During Peak Net Load: Historically, solar resources have
aligned well with peak demand, particularly in the afternoon. As the net load peak moves
into the evening, solar’s contribution during these evening hours falls to zero.
Meanwhile, wind resources, which typically begin ramping up as the sun sets, have
higher capacity factors during these increasingly critical hours. This hand-off between
solar and wind can result in reliability risk if wind output lags its forecast.

¢ Growing Absolute Risk from Expanding Solar Output: Solar resources are being
developed across a broad geographic footprint, which reduces the risk that localized
cloud cover will significantly impact total solar output. However, the rapid growth of
solar as a share of the overall generation mix means that forecasting errors now have
greater absolute consequences for system reliability.

Indeed, forecast errors for intermittent renewables directly impact thermal unit commitment.
Under-forecasting generation from renewables may result in inefficient economic outcomes, but
over-forecasting can lead to reliability issues if thermal units are not committed in time to
compensate. This dynamic is particularly challenging during hot summer evenings, when solar
output declines rapidly and demand remains elevated.

ESRs are well-suited to manage this kind of reliability risk. They can quickly ramp up output to
meet demand during brief shortfalls or bridge the evening transition between declining solar and
ramping wind. However, ERCOT’s current dispatch engine, Security-Constrained Economic
Dispatch (SCED), optimizes ESR state of charge one interval at a time (i.e., five minutes ahead),
limiting its ability to coordinate ESR dispatch for longer-duration needs. Implementing a Multi-
Interval Real-Time Market (MIRTM), as proposed in Recommendation 2022-1, and setting
appropriate ancillary service duration requirements for ESRs, as outlined in Recommendation
2024-2, would significantly enhance the system’s ability to use ESRs effectively.

While ESRs provide important reliability benefits during summer peak periods, they remain less
effective for managing reliability risks associated with extreme winter conditions. For prolonged
events like Winter Storm Uri, ESRs may have limited usefulness if they deplete their state of
charge early into the event. Thus, these resources are not well-suited for managing multi-day
cold-weather reliability events. Addressing these limitations will require further improvements
to market design, including the development of an uncertainty product, as outlined in
Recommendation 2021-2.
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Projected Load Profile in ERCOT

ERCOT has experienced significant load growth in the past five years and is projected to have an
amplified load growth over the coming five years. Projected peak load in 2030 is 148 GW
according to ERCOT’s 2024 load forecast, which is a 72% increase over the 2024 peak load of
86 GW. This annualized growth rate of roughly 10% per year for six years far exceeds the
normal load growth between 1% and 3% per year that Regional Transmission Organizations
(RTOs) typically experience. ERCOT’s 2025 load forecast projects an even higher summer peak
demand of 208 GW by 2030, although ERCOT adjusted this forecast to 139 GW, which still
implies an average load growth rate of 8.5% annually for the next five years.

ERCOT Long-Term Peak Demand Forecast
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Accurately projecting load growth five to ten years into the future is inherently difficult. In
ERCOT, this challenge is heightened by two factors. First, the rapid influx of data centers is a
relatively recent development, leaving little historical data to inform forecasts. In addition,
decisions to build new data centers are highly sensitive to changing economic conditions and
competition from other regions seeking to attract similar investments. Second, the 88th Texas
Legislature, through House Bill (HB) 5066, mandated the inclusion of loads for which an electric
utility has yet to sign an interconnection agreement, which resulted in a data collection process
for anticipated load growth that likely overstates what can reasonably be expected. Recognizing
this, ERCOT has included multiple scenarios in its Capacity, Demand, and Reserves (CDR)
Report to illustrate a range of plausible load growth outcomes in the coming years.

Data centers fall into two general categories that differ in how they interact with the electricity
market. Cryptocurrency mining operations are typically flexible and highly sensitive to
electricity prices. These facilities can curtail usage when prices are high and ramp up when
prices are low, which makes them valuable as price-responsive load. In contrast, cloud
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computing data centers, including those supporting artificial intelligence workloads, are far less
flexible. They operate continuously and are largely insensitive to electricity prices, which limits
their ability to provide demand response. Nearly 80% of the increase from the 2024 load
forecast to the 2025 forecast, or approximately 49 GW, came from cloud-computing data center
growth alone.

While much of the recent load growth has come from cryptocurrency mining, future data center
development is expected to be dominated by less flexible cloud computing facilities. Moreover,
existing cryptocurrency mining enterprises may convert to conventional data center operations if
cryptocurrency prices decline or electricity prices rise. This shift would reduce the system’s
demand-side flexibility and increase the need for generation to maintain reliability. These trends
and their implications for resource adequacy are discussed in more detail in Section VI.

Planning Reserve Margin

The uncertain economic outlook for various types of load has led to a wide range of projections
for resource adequacy in ERCOT. One of the primary ways ERCOT communicates these
projections is through the planning reserve margin. This metric measures the difference between
total available generation capacity and expected peak demand, expressed as a percentage of peak
demand. It serves as a basic indicator of whether the system is expected to have sufficient
capacity to meet demand under typical conditions. Higher reserve margins suggest more cushion
in the system, while lower margins point to tighter supply and elevated risk of shortages. The
following figure compares the reserve margin projections from the December 2023 and
December 2024 CDR reports. The gray series at the top represents the December 2023 CDR
report while the remaining data series at the bottom represent different scenarios from the
December 2024 CDR report.

Planning Reserve Margin, CDR 2023 vs CDR 2024
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These two reports present sharply different expectations for resource adequacy in ERCOT over
the next five years. While some of the differences are the result of procedural changes in how
the CDR is compiled, as discussed further in Chapter VI, the steep drop in reserve margin
projections in the 2024 CDR highlights two major limitations of the CDR itself: (1) the over-
projection of future load and (2) the under-projection of future capacity. The May 2025 projects
even tighter conditions for 2030, projecting reserve margins between -20% and -50%.

The over-projection of load stems primarily from ERCOT’s interpretation of HB 5066, which
mandates the inclusion of officer letter loads into ERCOT’s load forecast; ERCOT implemented
this directive by including all potential large loads regardless of the likelihood that this load will
materialize. Until recently, ERCOT’s methodology did not apply any attrition factor to account
for load projects that may be speculative or ultimately canceled. At the same time, the CDR
under-projects capacity by only including generation resources that have already signed
interconnection agreements. This excludes many projects that are likely to contribute to resource
adequacy within the planning horizon but have not yet reached that administrative milestone. As
a result, the CDR functions more as an accounting ledger of formally documented metrics than a
predictive model of future system conditions. Again, these limitations, and their implications for
reliability forecasting, are discussed in greater detail in Chapter VL.

Future Market Design Improvements

In light of the evolution of supply and demand in ERCOT, several market design improvements
are necessary to send efficient market signals to promote reliability. We discuss several future
market design improvements in the following subsections.

Shortage Pricing and Procurement Methodology for AS under RTC

In the current market design, ancillary services are procured in the day-ahead market according
to a fixed Ancillary Service (AS) Plan that sets reserve quantities for each hour. The day-ahead
market always procures the full volume of reserves defined by the AS Plan, and the real-time
market treats these reserves as inaccessible unless they are manually released to the dispatch
model. Shortage pricing is then determined by the ORDC outside of the dispatch model based
on the level of available operating reserves.

Real-time co-optimization (RTC), set to be implemented in December 2025, will improve many
of the issues we raised regarding market performance and operational risks. RTC allows the
real-time market to simultaneously schedule energy and operating reserves. A critical aspect of
the logic of RTC is that the market is allowed to go short on real-time operating reserves, and the
cost of this shortage is defined by a set Ancillary Service Demand Curves (ASDCs). This
feature of RTC enables it to more efficiently manage uncertainty than the current market design
where reserves are inaccessible until they are manually deployed.

2024 State of the Market Report | xiii




Executive Summary

Consider the solar down-ramp scenario described in the previous section. When solar production
falls short of forecast, the system experiences a drop in operating reserves. In the current design,
this shortfall would typically prompt a manual reserve deployment. Under RTC, however, the
drop in reserves leads the real-time market to prioritize energy dispatch over holding reserves.
This results in a reserve shortfall that is priced according to the ASDCs. In this way, allowing
the market to go short on reserves replaces the manual practice of releasing reserves for energy
dispatch. Embedding this trade-off in the real-time market clearing logic will address many of
the issues we have identified with ECRS deployment, as discussed in Recommendation 2023-3.

We propose additional recommendations for ERCOT’s shortage pricing mechanism and
ancillary service methodologies, as outlined in Recommendations 2024-1a and 2024-1b. In the
first, we recommend that the ASDCs be reformulated based on the marginal reliability value of
each product. In the second, we recommend that ERCOT incorporate a stochastic risk
methodology for setting target levels for operating reserves. These two recommendations in
concert would result in a set of ASDCs that accurately reflects the reliability value of operating
reserves, resulting in efficient shortage pricing and promoting resource adequacy.

Uncertainty Reserve Product

The significant increase in the penetration of intermittent renewable resources has introduced
operational reliability issues stemming from uncertainty in the forecast for renewable generation.
Over-forecasted generation from renewable resources can result in under-commitment from
thermal generators, which can lead to tight system conditions. ERCOT has responded to these
uncertainties by increasing its use of the RUC process and procuring more 30-minute reserves.
Both of these strategies distort market outcomes and result in excess costs to consumers in the
form of uplift. Therefore, we have recommended that ERCOT implement a longer-term reserve
product to be provided by resources that can start in two hours or less when uncertainties
manifest that may threaten reliability. For more detail, see Recommendation 2021-2.

Multi-Interval Real-Time Market

One of the primary purposes of the real-time market is to efficiently dispatch online resources to
serve forecasted load. A shortcoming of the ERCOT real-time market process is that it only
considers a single interval five minutes into the future for determining optimal dispatch
instructions. Implementing a real-time market process that can look ahead and optimize across
several intervals, i.e., a MIRTM has several benefits that are particularly valuable given the rapid
growth of intermittent renewable resources (IRRs) and ESRs. For more detail, see
Recommendation 2022-1.

Transmission Cost Allocation

The cost of expanding and maintaining the transmission system in ERCOT is allocated to
consumers using the four coincident peak (4CP) method, which calculates each consumer’s
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transmission tariff rate for the following year based on their load ratio share during the 15-
minute intervals with the highest system-wide demand in the prior year from June through
September.? This methodology was originally designed to allocate costs to those driving system-
wide summer peaks under the assumption that peak demand was the primary driver of
transmission investment. However, the drivers of transmission investment have changed.
Today, new transmission is increasingly built to connect areas of load growth with
geographically distant sources of generation, particularly renewable resources. Contribution to
system-wide peak demand no longer reflects how or where transmission costs are incurred. For
this reason, we continue to recommend that policymakers move away from 4CP and implement a
transmission cost allocation framework that more accurately reflects cost causation. For more
information, see Recommendation 2015-1.

System-Wide and Zonal Market Power Mitigation

There is a high degree of structural market power that exists in the ERCOT system as well as at
the zonal level. This provides a significant opportunity for suppliers to exercise market power
throughout the year and raise prices above competitive levels. The VMP mechanism can be an
effective means to address this issue. However, not all suppliers with market power have
committed to a VMP and the terms of the VMPs must reflect the expectation of a competitive
offer. Given the extent of market power in the ERCOT system, we advise that a three-step real-
time market power mitigation system be put in place for both system-level and zonal-level
market power. The proposed system would be run in-line with the real-time market. It should
assess structural market power, then evaluate whether portfolios that possess market power are
offering energy or ancillary services at prices above a competitive level. Finally, it should
determine whether the uncompetitive offers would have a material impact on market prices. A
mitigated offer price would be substituted for the original offer in for portfolios where all three
of these tests returned the affirmative.

Resource Adequacy through Markets

The extremely high projected load growth, coupled with reliability issues observed during recent
winter extreme weather conditions, has focused the attention of policy makers on how to achieve
future resource adequacy needs. There are limited general market approaches that can be taken
to provide incentives for new generation to meet future needs.

e The current energy-only market in ERCOT relies in large part on expected shortage
revenues to drive investment in new resources, which can be calibrated to strengthen
investment incentives and support resource adequacy.

e A centralized capacity market to directly procure the capacity needed to satisfy resource
adequacy targets has been utilized by a number of RTOs in the eastern interconnection.

2 16 Tex. Admin. Code §25.192. Transmission Service Rates:

http://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.192/25.192 pdf
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e A decentralized load obligation model that requires load-serving entities (LSEs) to self-
supply or bilaterally procure sufficient capacity to meet resource adequacy requirements.

All market-based proposals would fall within one of these three general approaches. The report
discusses the pros and cons of each approach, as well as the details that must be considered in
developing a market-based solution to support resource adequacy. Recent efforts to identify
appropriate market constructs to achieve resource adequacy have revealed a tension between
allowing shortage conditions and associated revenues to rise versus approaches to prevent
shortage pricing. Given projected load growth and the period of development between price
signals and commercial operation of new generation, ERCOT will need to prioritize
development of market solutions for ensuring resource adequacy.

Recommendations

Each year, we produce a set of recommendations aimed at improving market efficiency,
enhancing reliability, and mitigating the potential for market participants to exercise market
power. Some recommendations are new and reflect emerging challenges or developments in the
current year. Others carry over from prior years because they remain relevant and unaddressed.
In some cases, past recommendations are retired because they have been successfully
implemented, are no longer applicable, or have been folded into a broader or updated
recommendation. Each recommendation is numbered based on the year it was first introduced,
followed by the order in which it is presented in this report.

Nuniber Recommendation Title

New Recommendations to Improve Market Performance

2024-1 Reform Shortage Pricing Mechanism and AS Methodology to Reflect Reliability Risk
2024-1a  Define ASDCs According to Marginal Reliability Value of Each Product

2024-1b  Adopt a Probabilistic/Stochastic Risk Methodology for the AS Plan

Set Duration Requirements for ECRS and Non-Spin Reserve Service (NSRS) to One
Hour

2024-2
2024-3 Implement Process to Mitigate Market Power at System and Zonal Levels
2024-4 Establish Real-Time Offer Requirements, Penalties, and Proxy Pricing
Recommended Market Improvements from Prior Years

2023-3 Improve the Procurement and Deployment of ECRS

2023-4 Align FFSS Pricing and Deployment Practices with Market Operations
2022-1 Implement a Multi-Interval Real-Time Market

2021-1 Eliminate the “Small Fish” Rule

2021-2 Implement an Uncertainty Product

2020-3 Reconfigure Load Zones to Reflect Prevailing Congestion Patterns

2020-4 Implement a Point-to-Point Obligation Bid Fee
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2019-2 Price Ancillary Services Based on the Shadow Price of Procuring Each Service

2015-1 Modify the allocation of transmission costs by transitioning away from the 4CP method.
Recommendations Being Retired

2023-1 Increase a Constraint’s Shadow Price Cap in Real-Time When Appropriate

2023-2 Revise Proxy Offers for IRRs Without Energy Bids

2022-3 Allow Transmission Reconfigurations for Economic Benefits

2022-4 Change the Linear Ramp Period for ERS Summer Deployments to 3 Hours

Change Historical Lookback Period for the ORDC Mean and Standard Deviation

2022-5 Calculations

2021-3 Reevaluate net metering at certain sites

New Recommendations to Improve Market Performance

2024-1 Reform Shortage Pricing Mechanism and AS Methodology to Reflect
Reliability Risk

For the shortage pricing mechanism to function properly, the ASDCs should be designed to
reflect the marginal reliability value that each reserve product contributes to the system. A well-
structured ASDC framework incorporates the following elements:

1. The reliability value of operating reserves should be determined using a probabilistic
assessment of the specific risks that each reserve product is intended to manage, such as
forecast errors, forced outages, or ramping needs.

2. Each ASDC should slope downward until the probabilistic methodology indicates that
additional reserves provide no further reliability benefit. Beyond this point, reserves
should be valued at zero, signaling that they offer no marginal contribution to system
security.

3. The marginal reliability value used to shape the ASDCs should be reviewed and updated
on a regular basis to ensure it reflects changing system conditions, evolving resource
capabilities, and updated risk assessments.

We split this recommendation into two parts that both address a fundamental aspect of RTC, i.e.,
the appropriate valuation of real-time operating reserves. The first (2024-1a) recommends that
the ASDCs be designed based on the marginal reliability value of each product. The second
(2024-1b) recommends implementing a probabilistic risk-based methodology for setting the
target volume of real-time operating reserves. These recommendations should be implemented
in tandem to ensure consistency in how operating reserves are valued across both pricing and
procurement mechanisms.
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2024-1a Define ASDCs According to Marginal Reliability Value of Each Product

RTC is currently scheduled to go live in ERCOT in December 2025. This transition will replace
the prevailing ORDC with a set of ASDCs and implement real-time co-optimization of energy
and ancillary services. Unlike today’s approach, where shortage pricing is added after the
dispatch solution, RTC will embed shortage pricing into the optimization itself based on the
formulation of the ASDCs. Unfortunately, the current formulation of ASDCs does not link the
shortage price for an ancillary service to its value in reducing system-wide reliability risk,
weakening the signal that shortage pricing is meant to send.

Over time, the prevailing ORDC has been modified to meet goals such as ensuring revenue
sufficiency and limiting consumer exposure to extreme costs. These modifications have shifted
shortage pricing away from its intended function, which is to reflect the marginal reliability
benefit of operating reserves. In the RTC framework, that disconnect becomes even greater
because of the decision that ASDCs should aggregate into a curve called the Aggregate ORDC
(AORDC) that resembles the prevailing ORDC. This constraint prevents each ancillary service
from being valued based on its specific contribution to reliability. We recommend removing the
requirement that the ASDCs aggregate to the AORDC and that each ASDC be constructed
individually to reflect the reliability value provided by the corresponding reserve product.

2024-1b Adopt a Probabilistic/Stochastic Risk Methodology for the AS Plan

Since 2022, ERCOT has procured significantly more operating reserves than other ISO or RTO.
This over-procurement stems largely from an AS Methodology that fails to reflect the
probabilistic risks operating reserves are intended to manage. As part of the AS Study mandated
by PURA 35.004(g), we demonstrated how a probabilistic, stochastic risk-based approach could
be used to set more appropriate targets for real-time operating reserves. This methodology
contrasts with ERCOT’s current deterministic method, which simultaneously results in excess
reserves for most hours of the year but fails to account for the risks posed by forced outages or
extremely volatile weather conditions.

Our approach used historical supply and demand data to simulate the probability of load shed at
various levels of real-time operating reserves. It captured both net load forecast errors, which
can lead to inefficient commitments, and forced outages, which immediately reduce supply. It
also incorporates a time horizon for forecast error that is consistent with the short-term reliability
risks that operating reserves are meant to manage.

Our analysis found that ECRS and NSRS procurement volumes could be substantially reduced
while maintaining a load shed probability of just 5% per year. Moreover, average reserve
volumes could be further reduced if part of the AS Plan were set dynamically and closer to real
time. Today’s practice of setting targets on a month-hour basis for the entire year inflates
reserve needs in most hours to cover a small number of high-risk intervals. Historically,
consumers have opposed dynamic reserve planning because it limits hedging opportunities, but
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the savings from lower reserve volumes could justify a transition toward a more flexible
procurement schedule.

We acknowledge that the methodology we presented does not capture every reliability risk
operating reserves are meant to address. It does not account for transmission-related issues or
faster contingency events that fall outside the scope of ECRS and NSRS. Additionally, while
our model relies on historical system conditions, any practical implementation would need to
incorporate forward-looking adjustments to reflect changes in load and resource mix. We
recommend that ERCOT refine this approach to address these limitations.

2024-2 Set Duration Requirements for ECRS and NSRS to One Hour

To provide ECRS or NSRS, ERCOT currently requires ESRs to maintain two or four hours of
state of charge, respectively, based on the size of their obligation. For example, a 10 MW award
for NSRS would require 40 MWh of available energy. We recommend reducing these duration
requirements to one hour for both products. This change is justified for two reasons. First, a
one-hour requirement better aligns with the short-term reliability risks that ECRS and NSRS are
designed to address. Second, longer duration requirements create incentives for ESR offer
behavior that can undermine reliability during shortage conditions.

Longer duration requirements for ESRs tend to distort incentives during scarcity conditions.
Requiring two to four hours of state of charge for ESRs to provide operating reserves effectively
reduces the extent to which ESRs can provide reserves and increases the likelihood of shortage
pricing for energy and ancillary services. Higher energy prices, in turn, push ESRs to shift from
providing reserves to delivering energy earlier in a reliability event, since the opportunity cost of
holding reserves is greater than the value of selling energy. For instance, if energy prices are
peaking, a two-hour reserve obligation implies an opportunity cost twice the energy price.
Conversely, the higher reserve prices will tend to incentivize thermal power plants to provide
reserves rather than energy, because their cost for providing reserves is lower than their cost of
producing energy. This dynamic runs counter to promoting reliability, as it would be preferable
for gas turbines to be dispatched for energy before duration-limited resources. Ideally, duration-
limited ESRs should be prioritized for reserve provision, while thermal units should be
dispatched for energy.

In April 2025, ERCOT submitted NPRR 1282,% which would reduce the duration requirement
for ECRS to only one hour but would keep the duration requirement for NSRS at four hours.
This proposal represents a step in the right direction, but we maintain that the duration
requirement for NSRS should also be reduced to one hour. We recognize the need for some
longer-duration operating reserve capacity to manage uncertainty of supply and demand under
extreme or volatile weather conditions. That is why we continue to recommend an uncertainty

2 https://www.ercot.com/mktrules/issues/NPRR 1282
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product as described in recommendation 2021-2, and we think DRRS could more effectively
serve this purpose than the current practice of imposing duration requirements longer than an
hour onto ECRS and NSRS. In summary, we recommend that the duration requirements for
ECRS and NSRS be set at one hour and that ERCOT implement DRRS as soon as practicable to
serve as a longer duration uncertainty product.

2024-3 Implement Process to Mitigate Market Power at System and Zonal Levels

Given the high frequency of market power at the system and zonal levels in ERCOT and gaps
that exist with the existing VMP mechanism, we recommend application of a three-step market
power mitigation framework to ensure competitive market outcomes. The three-step approach
should assess whether (1) a market participant possesses market power (structural test), (ii) a
market participant with market power has attempted to exercise market power via economic
withholding (behavioral test), and (iii) the attempt to exercise market power would have a
material effect on price (impact test). For the group of market participants that fail these three
tests, a competitive ofter should be substituted for the original offer in the running of the real-
time market.

2024-4 Establish Real-Time Offer Requirements, Penalties, and Proxy Pricing

QSEs are responsible for submitting offer curves that specify the prices and quantities at which
their resources are willing to provide energy and, with the implementation of RTC, ancillary
services in the real-time market. Under the current market design, if a QSE submits an
incomplete energy offer curve, ERCOT substitutes a proxy offer to maintain a solvable dispatch
solution. These proxy offers are set at $1,500 for IRRs and at the system-wide offer cap
(SWCAP) for non-IRRs, creating steep, non-competitive offer curves that lead to inefficient and
costly dispatch outcomes.

With the upcoming implementation of RTC, the potential impacts of incomplete offers could
become more significant. Whereas today, ancillary services are only procured in the day-ahead
market, under RTC, ancillary services and energy will be co-optimized every 5 minutes, making
complete real-time offers for AS critical for securing reserves. Incomplete AS offers limit access
to available reserves and result in steep proxy offers that inflate scarcity pricing and distort
dispatch. Currently, there is no penalty for submitting incomplete offers. As a result, QSEs may
either intentionally withhold offers or mistakenly fail to submit complete offers.

In response to these concerns, NPRR 1269 proposed that any incomplete AS offer should be
replaced with a proxy offer equal to the lesser of $2,000 or the ASDC price at the 95%
procurement level. We believe this methodology risks setting AS clearing prices significantly
above competitive levels, resulting in unnecessary market costs. The PUCT approved NPRR
1269 in May 2025.
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To address this issue, we recommend the following:
1. Proxy offers should reflect competitive pricing for energy and ancillary service products.
2. ERCOT should make its must-offer requirement explicit for all QSEs.
3. Penalties should be imposed on QSEs that fail to submit complete offers.
4

Offers constructed by proxy should be flagged in SCED data to allow continuous
evaluation of their effect on market performance.

Recommended Market Improvements from Prior Years
2023-3 Improve the Procurement and Deployment of ECRS

When ECRS was implemented in June 2023, ERCOT did not establish clear and consistent
deployment criteria. This lack of transparency contributed to artificial shortages, as operators
often delayed releasing ECRS into the real-time market until after scarcity pricing had already
begun. As a result, ECRS deployment practices caused significant unnecessary costs to the
market during 2023.

In 2024, the market impact of ECRS inefficiencies was smaller than in the prior year. Two
primary factors contributed to this improvement. First, milder summer conditions reduced the
frequency and severity of grid stress events. Second, increased supply from new solar and
energy storage resources added flexibility to the system, allowing ERCOT to manage real-time
conditions with fewer shortages. Together, these factors resulted in excess ECRS-related costs
of less than $1 billion in 2024, compared to the $12 billion estimated for 2023. Nevertheless,
deployment practices remain a source of inefficiency that warrants further attention.

In March 2024, ERCOT proposed NPRR 1224 to address concerns with ECRS deployment.
NPRR 1224 would have established formal deployment criteria based on real-time market
conditions, deploying in 500 MW increments when power balance violations exceeded 40 MW
for 10 consecutive minutes. Additionally, the capacity released to SCED would be subject to a
$750 per MWh energy offer floor, for which there is no reasonable basis. Hence, we found this
proposal to be flawed and it was ultimately rejected by the Commission in July 2024, However,
ERCOT still implemented the deployment process proposed by NPRR 1224, but without the
$750 per MWh energy offer floor.

Once RTC is implemented in December 2025, these deployment issues will largely be resolved.
Under RTC, the real-time market will automatically go short on reserves according to the prices
set by the ASDCs, effectively eliminating the need for manual ECRS deployment decisions.
Moreover, several of our other recommendations regarding ancillary services under RTC are
intended to further ensure that reserve procurement and deployment align with real-time
reliability risks and system conditions.
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Until RTC is implemented, however, the current ECRS deployment criteria still present a risk to
efficient market outcomes. Artificial shortages and unnecessary scarcity pricing can still occur if
ECRS is not released early enough to meet forecasted conditions. We recommend that ERCOT
further refine its deployment practices by using the existing look-ahead SCED (LASCED) tool.
Using LASCED outputs, ERCOT could deploy ECRS proactively based on forecasted power
balance violations, rather than waiting for real-time shortages to materialize. Implementing such
a forward-looking deployment trigger would help minimize costs and maintain reliability during
the remainder of 2025.

2023-4 Align FFSS Pricing and Deployment Practices with Market Operations

The Firm Fuel Supply Service (FFSS) was implemented in 2022 in response to widespread
generation shortfalls caused by fuel supply disruptions during Winter Storm Uri. FFSS provides
a seasonal payment to selected generators in exchange for maintaining firm access to fuel during
the winter months, from mid-November through mid-March. These generators, designated as
Firm Fuel Supply Service Resources (FFSSRs), must be ready to operate if fuel supply
disruptions threaten system reliability. FFSSRs can be deployed during declared winter weather
watches; however, the specific criteria for deployment beyond this trigger remain unclear and are
left to operator discretion.

ERCOT deployed FFSSRs over five consecutive days in January 2024 during a winter weather
watch due to concerns about potential fuel supply disruptions. Across these five days, only one
day exhibited reserve levels or pricing outcomes that indicated relatively tight conditions, and it
remains unclear whether any observed impacts were directly caused by disruptions to the natural
gas distribution network. The lack of clear and objective deployment criteria raises concerns
about the efficient use of FFSS resources and the resulting costs imposed on the market.

The design of the FFSS program creates two significant market inefficiencies that increase costs
for consumers. First, because FFSSRs receive upfront payments to secure fuel, they are
incentivized to offer into the market at low prices regardless of the actual cost of burning
expensive backup fuels such as fuel oil. This results in inefficient dispatch, where costly
generation is selected even when less expensive alternatives are available. It also increases the
cost of refueling these generators for future deployments and risks depleting firm fuel inventories
prematurely. The costs associated with FFSSR operations, including the fixed readiness
payments and any additional real-time costs, are ultimately spread across all LSEs through uplift
charges.

Second, when FFSSRs are deployed, ERCOT removes their capacity from the calculation of
online reserves used to determine the ORDC price adder. This artificial reduction in reported
reserves raises scarcity prices even when physical capacity remains available. Given the lack of
transparency around the operational rationale for deploying FFSSRs, this inflation of shortage
pricing appears arbitrary and imposes unnecessary costs on the market. Although the upcoming
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transition to RTC should eliminate this practice by shifting reserve valuation into the ASDC
framework, this issue will persist through November 2025 unless ERCOT takes interim action.

To address these concerns, we recommend that ERCOT:

1. Require FFSSRs to offer energy at prices that accurately reflect the true marginal cost of
using firm fuel.

2. Include the capacity of deployed FFSSRs in the online reserves calculation until RTC is
implemented.

2022-1 Implement a Multi-Interval Real-Time Market

ERCOT’s real-time market currently only considers a single interval where dispatch instructions
are optimized based only on forecasted system condition five minutes into the future. This
limited forward-looking window limits the market’s ability to efficiently dispatch and coordinate
resources, particularly as the penetration of intermittent renewables and energy storage resources
increases in ERCOT.

A MIRTM, which would optimize dispatch across at least six intervals (thirty minutes), offers
several important benefits:

e It would allow more efficient scheduling of ESRs by considering the value of preserving
or adjusting state of charge over multiple future intervals;

e It would better manage the utilization of NSRS, much of which is provided by offline
resources, by enabling the real-time market to commit these thirty-minute reserves units
more efficiently.

e It would help address the sharp evening net load ramp caused by increasing solar entry,
often referred to as the "duck curve," by pre-positioning slow-ramping resources earlier
and reducing unnecessary reliance on expensive ESRs and quick-start units.

Given these trends, we continue to recommend that ERCOT prioritize the implementation of a
MIRTM following the completion of the RTC project.

2021-1 Eliminate the “Small Fish” Rule

Under the so-called "small fish" rule, generators with less than 5% of the installed capacity in
ERCOT are deemed not to have "ERCOT-wide market power."* This rule was originally
implemented before ERCOT adopted effective shortage pricing through the ORDC and was
intended to allow smaller suppliers to submit offers significantly above marginal cost to help
produce high prices during shortage conditions.

4 See 16 TAC § 25.504(c).
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The introduction of the ORDC made this rule unnecessary. Shortage pricing now raises prices
automatically based on reserve scarcity, meaning small suppliers no longer need to submit high
offers to achieve efficient price signals. Despite this, economic withholding by small
participants has led to instances of inefficient pricing. Withholding should not be permitted by
any supplier that can be pivotal, and small entities can become pivotal during system-wide tight
conditions or when the market is ramp constrained.

We recommend eliminating the small fish rule. PUC staff supported this recommendation in
their response to last year’s report and indicated they intend to open a project on this in 2025,

2021-2 Implement an Uncertainty Product

The rapid increase in intermittent renewable generation has introduced new operational
reliability challenges stemming from forecast uncertainty. Over-forecasted renewable output can
cause QSEs to under-commit thermal resources, leading to tight system conditions. ERCOT has
responded by increasing its reliance on the RUC process and procuring larger quantities of 30-
minute reserves, both of which distort market outcomes and impose excess costs through uplift.
To address this issue, we recommend that ERCOT implement a longer-term reserve product
provided by resources that can start within 2 hours when forecast uncertainties materialize.

In 2023, HB 1500 directed ERCOT to implement such a product, now referred to as DRRS. We
recommend the following two design principles:

1. DRRS should be capable of being provided by both online and offline resources.
Allowing both types of resources to participate ensures ERCOT can secure reserves at the
lowest cost and avoids economically inefficient withholding from the energy market.

2. DRRS should be co-optimized with energy and other ancillary services in both the day-
ahead and real-time markets, with shortages priced through a sloped demand curve.
Co-optimization ensures that DRRS procurement reflects its marginal value, supports
efficient price formation, and sends appropriate investment signals for resource adequacy.

If designed correctly, DRRS should reduce reliance on costly out-of-market actions and lower
reserve procurement costs compared to holding excessive 30-minute reserves.

To date, ERCOT's DRRS proposals have not fully satisfied these criteria. A primary challenge
stems from the statutory requirement that DRRS procurement offset RUC commitments.
ERCOT has proposed deploying DRRS through the existing RUC process, but because RUC
runs only once an hour and takes up to 30 minutes to complete, this approach complicates real-
time co-optimization. Specifically, intra-hour SCED awards for DRRS cannot be incorporated
quickly enough into RUC deployment decisions.

To address this, we propose that ERCOT develop a faster RUC process with a 4-5-hour study
horizon. Our analysis suggests such a process could execute in as little as 5 minutes and could
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be run every 15 minutes or as needed at operator discretion. A faster RUC process would allow
ERCOT to incorporate offline DRRS awards into commitment decisions in near real-time.

As the installed capacity of wind, solar, and storage resources grows, the reliability risks
associated with renewable forecast errors will increase. Developing a fast, flexible unit
commitment process for DRRS would support broader reliability needs while complying with
HB 1500. We continue to recommend that ERCOT move forward with implementing DRRS
using the design principles outlined above.

2020-3 Reconfigure Load Zones to Reflect Prevailing Congestion Patterns

Load zones are used to aggregate load nodes on the ERCOT grid that experience similar patterns
of congestion. Unlike generators, which are settled at the nodal level and receive payments
based on their specific locational marginal prices (LMPs), loads are billed based on the load zone
price. This price reflects a load-weighted average of nodal prices within the zone. By
aggregating prices in this way, the system shields loads from the full volatility of nodal pricing
and makes market settlements more administratively manageable.

Beyond simplifying settlements, load zone prices also provide important short and long-term
economic signals. When congestion patterns are accurately captured, load zone prices can
inform consumption or hedging decisions for existing loads or can signal to prospective loads
which locations are most cost-effective to site new demand. These price signals ultimately factor
into other long-term infrastructure decisions such as transmission planning.

ERCOT's current four load zones — West, North, South, and Houston — were established in 2003.
At that time, the geographic distribution of both load and generation, as well as the generation
mix itself, looked very different than it does today. Industrial load has grown substantially in
West Texas, driven by electrification of oil and gas operations and data center development, and
residential load has sprawled far afield from historical population centers. Moreover, load is
increasingly served by renewable resources located far away from load centers. As these
patterns shift, it is increasingly important to re-evaluate whether the current load zone boundaries
still reflect meaningful economic and operational groupings.

One indication that the current load zone groupings no longer adequately reflect congestion
patterns is that congestion within several zones has grown more severe, especially in the South
and West zones. The broad aggregation of nodal prices within each zone now conceals
important differences in the cost of serving load. This disparity results in distorted pricing
signals that can lead to inefficient consumption and siting decisions. For example, the Panhandle
consistently experiences lower-than-average nodal prices due to a concentration of renewable
generation. In contrast, the Permian Basin, part of the same load zone, faces significantly higher
nodal prices driven by oil and gas-related demand growth. Yet both areas face the same zonal
price for settlement, despite very different cost and congestion profiles.
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We recommend that ERCOT re-evaluate the current load zone configuration to reflect these
evolving congestion patterns. Any change to the configuration must take effect at least four
years after it is approved, due to the structure of the CRR auction design. In Section IV, we
present a potential methodology for reconfiguring load zones that would better align settlement
prices with actual system conditions. To date, ERCOT has not indicated any intent to revisit or
revise the current load zone structure.

2020-4 Implement a Point-to-Point Obligation Bid Fee

Point-to-point (PTP) obligations are financial instruments that allow market participants to take
positions on incremental congestion between the day-ahead and real-time markets. PTP bids are
submitted into the day-ahead market and are evaluated as part of the market optimization
process. Over the past decade, there have been numerous delays in solving and posting the
results of the day-ahead market. ERCOT has identified that a key contributor to these delays is
the large and growing volume of PTP obligation bids. These delays are disruptive to the market
and create unnecessary risk for participants who rely on timely information to guide real-time
decisions.

Because ERCOT currently charges no fee to submit PTP bids, participants have no incentive to
limit the number of bids they submit. Many of these bids are uncompetitive, making them
unlikely to clear and of little value to the market in terms of liquidity or price formation. The
inclusion of so many uncompetitive bids increases the complexity of the optimization problem
and the time required for the market software to arrive at a solution.’

Applying a small bid fee to PTP obligation bids would discourage excessive and uncompetitive
bid submissions without deterring legitimate hedging or trading strategies. By incentivizing
participants to focus on bids with a meaningful likelihood of clearing, such a fee would
streamline the market-solving process and reduce the frequency of day-ahead market delays. We
recommend that ERCOT implement a small fee on day-ahead market PTP obligation bids.
ERCOT has indicated a willingness to impose such a fee, although no NPRR has yet been
submitted to move this change forward.

2019-2  Price Ancillary Services Based on the Shadow Price of Procuring Each Service

Clearing prices for ancillary services should be based on the shadow price of procuring each
service. ERCOT’s current practice of nesting multiple variations of operating reserves under a
single ancillary service, setting limits on the procurement volume for each sub-product, and then
clearing all of the sub-products at the same price violates this principle. For example,
Responsive Reserve Service (RRS) effectively includes three separate products that are each
cleared at the same price:

s ERCOT’s regression analysis can be found at http://www.ercot.com/calendar/2021/1/25/221086-WMWG.
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1. Primary Frequency Response (PFR), an automatic response proportional to deviations in
system frequency that can be provided by generators, energy storage resources, and
controllable load resources;

2. Fast Frequency Response (FFR), a type of relay response that can be provided by
batteries and NCLRs;

3. Under-Frequency Relay (UFR), a type of relay response provided by non-controllable
load that trips loads offline in the event of significant drops in system frequency.

Out of the total procurement volume for RRS, a maximum of 450 MW can be provided by FFR,
and only 60% can be provided by the sum of FFR and UFR. Because this second limit is usually
a binding constraint, there is a surplus of offers for both types of relay response. However,
because all of the products clear at the same price, this surplus does not have the effect of driving
clearing prices down as one would expect in a well-functioning market.

To resolve this issue, ERCOT should set separate procurement volumes for PFR, FFR, and UFR
and allow each product to clear at the shadow price associated with this constraint. If PFR is
inherently preferable to FFR or UFR, then excess PFR offers should be substitutable for either
UFR or FFR if it is offered at a lower price. This change in ancillary service methodology would
result in prices that more accurately reflect the value of each product and offers that reflect the
marginal cost of providing each product. Therefore, we recommend that the clearing price of all
ancillary services be based on all the constraints used to procure the services.

2015-1  Modify the Allocation of Transmission Costs by Transitioning Away from the
4CP Method

The cost of expanding and maintaining the transmission system in ERCOT is allocated to
consumers using the 4CP method. Under this methodology, each consumer’s transmission tariff
for the following year is based on their load ratio share during the 15-minute intervals with the
highest monthly system-wide demand from June through September.® The 4CP method was
approved in 1996 and was intended to allocate transmission costs to those who contributed most
to system-wide peak demand. It was also designed to send a signal to consumers to reduce their
load during peak periods, thus forestalling the need for new transmission investments. Whatever
virtues this methodology may have had once upon a time, it no longer functions according to
cost causation principles and fails to send efficient signals for new transmission investments.

Today, transmission upgrades are not primarily driven by peak demand. Instead, they are based
on congestion patterns observed throughout the year and whether upgrades are needed to reliably
serve evolving load patterns. The geography of growth has shifted: industrial load for oil and
gas production and computing is growing at a rapid pace in West Texas, and residential load
growth is sprawling into exurbs further afield from population centers. The cost of building

6 16 Tex. Admin. Code §25.192. Transmission Service Rates:

http://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.192/25.192 pdf
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transmission now depends heavily on the distance between where generation is located and
where load is growing. Connecting remote renewable generation to distant load centers requires
significant investment in long-distance transmission infrastructure. The 4CP method, based
solely on system-wide summer peaks, is inadequate to reflect the complex and location-specific
drivers of today’s transmission needs.

This misalignment is further exacerbated by the growth of LFLs, the majority of which are
located in West Texas. These customers are well positioned to game the 4CP methodology by
strategically curtailing their demand during intervals they anticipate could set a coincident peak.
As a result, they impose significant transmission costs by locating in remote and less developed
parts of the network but avoid paying their fair share of those costs. Because 4CP charges are
based solely on contribution to peak demand, LFLs are able to shift a disproportionate share of
transmission costs onto other consumers. This behavior undermines both the fairness and
efficiency of transmission cost allocation.

We have recommended moving away from the 4CP method for more than a decade. During that
time, billions of dollars have been spent on developing 4CP forecasting tools and installing
behind-the-meter generation, creating vested interests in maintaining the current structure.
However, these investments do not change the fact that 4CP no longer allocates costs in a way
that reflects how the transmission system is built or used. Transmission cost allocation has
recently drawn renewed legislative attention, with a number of pending legislative proposals in
89" Session calling for a review of the 4CP framework. Although no proposed legislation has
become law as of this writing, we continue to recommend that policymakers transition away
from 4CP toward a methodology that better reflects the true drivers of transmission investment
and ensures that all consumers pay a fair share of system costs.

Recommendations Set for Retirement

These recommendations are expected to be removed from future editions of the State of the
Market report, either because they have already been addressed by ERCOT rule changes,
because they are no longer relevant, or because they have been incorporated into a new
recommendation. For some of them, rule changes were approved several years ago but have still
not been implemented. For these, we will continue to list them in this section in future editions
of the report until they have been implemented.

2023-1 Adjust Shadow Price Caps to Reflect Constraint Reliability Risk

NPRR 1230 addressed this issue by creating a method to raise shadow price caps for specific
constraints when necessary. A summary of the issue and recommendation follows. In the real-
time market, shadow prices represent the marginal value of relieving a transmission constraint.
A high shadow price signals that resolving the constraint is critical to maintaining system
reliability, while a low shadow price indicates less urgency. Shadow prices influence how the
dispatch model prioritizes generation across different locations on the grid. Shadow price caps
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for transmission constraints were fixed at predetermined levels. These caps were often set too
low relative to the true reliability risk of constraint violations. As a result, the real-time market
sometimes failed to dispatch sufficient local generation to manage flows within limits. When
this occurred, ERCOT operators were forced to take manual actions outside of market processes
to protect the system. These manual interventions often raised overall system costs and
introduced inefficiencies into market pricing. Under the new framework, caps can be adjusted to
reflect the actual reliability risk or operational cost of constraint violations.

2023-2 Revise Proxy Offers for IRRs Without Energy Bids

This issue is now incorporated into Recommendation 2024-4, which addresses offer
requirements and proxy offer methodology for both ancillary services and energy. The current
practice of inserting an administrative proxy offer curve for IRRs that fail to submit a complete
offer can lead to inefficient dispatch outcomes, particularly in the presence of congestion. The
original recommendation proposed that ERCOT adopt a proxy offer methodology for energy that
supports the real-time market’s ability to generate dispatch instructions that maintain system
reliability without introducing unnecessary market distortions.

2022-3 Allow Transmission Reconfigurations for Economic Benefits

This recommendation was addressed by NPRR 1198, which was approved in July 2024 and is
scheduled for implementation by the end of 2025 or early 2026 according to ERCOT Projects.
Currently, ERCOT’s approval processes only allow constraint management plans for reliability
reasons.” However, there are times in which a transmission reconfiguration can relieve
congestion without negatively affecting reliability.® Such plans should be developed and
utilized. Both Midcontinent ISO (MISO) and Southwest Power Pool (SPP) are moving forward
with this effort, though MISO is further along.’

2022-4 Change the Linear Ramp Period for ERS Summer Deployments to 3 Hours

This recommendation was addressed by NPRR 1006, which was approved in June 2020 but has
still not been implemented. It is currently earmarked for implementation sometime in 2026
according to ERCOT Projects. In all summer ERS deployments to date, resources returned to
pre-instruction levels within approximately three hours.'® However, the current time value

A constraint management plan is a set of pre-defined manual transmission system actions, or automatic
transmission system actions that do not constitute a Remedial Action Scheme, which are executed in
response to system conditions to prevent or to resolve one or more thermal or non-thermal transmission
security violations or to optimize the transmission system.

These are not post-contingency actions and so should have a negligible impact on the control room.

See, e.g., https://cdn.misoenergy.org/20230228%20RSC%20Item%2006%20Reconfiguration%20for
%20 Congestion%20Cost%20Update628023 .pdf.

10 hips://www.ercot.com/files/docs/2022/09/13/DSW G%20-%20ER S§%20event%20deployment%207-13-
2022 ppix
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parameter for returning to the pre-instruction level in the reliability deployment price adder
calculation (an output of the SCED pricing run) was 4.5 hours. This difference artificially
inflated the reliability deployment price adder. We recommended adjusting this parameter to 3
hours during summer hours.

2022-5 Change the Lookback Period for the ORDC Mean and Standard Deviation
Calculations

Upon implementation of RTC at the end of 2025, the ORDC used in the current market design
will be retired, and shortage pricing will be determined by ASDCs for each operating reserve
product. Thus, we are retiring this recommendation but incorporating relevant aspects in our
new recommendation on the design of the ASDCs in Recommendation 2024-1a. Please refer to
the new recommendation for a discussion of the market issue the recommendation addresses.

2021-3 Reevaluate Net Metering at Certain Sites

We have reconsidered this recommendation and decided to withdraw it, as it primarily relates to
our pre-existing recommendation to reconsider transmission cost allocation according to 4CP.
Net metering of loads is mainly problematic insofar as it allows them to avoid paying for the
transmission system while still giving them access to the transmission system when it suits them.
Addressing transmission cost allocation, particularly for loads with net metering arrangements,
remains a top priority.
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Review of Real-Time Market OQOutcomes

I. REVIEW OF REAL-TIME MARKET QUTCOMES

The performance of the real-time market in ERCOT is essential for two primary reasons:

e Coordinating Resource Dispatch and Managing Grid Reliability: The real-time
market schedules generators to produce energy based on system needs and transmission
constraints. This ensures ERCOT maintains reliability across the grid while minimizing
total production costs.

o Setting Efficient Prices for Energy and Ancillary Services: Real-time prices reflect the
marginal cost of electricity at each location and moment in time. These prices incentivize
generators to provide energy or reserves in the short term and guide long-term decisions
about building new resources or retiring existing ones.

Only a small share of the power produced in ERCOT is settled in the real-time market. However,
real-time energy prices set the expectations for prices in the day-ahead market and bilateral
forward markets. Real-time prices are, therefore, the principal driver of prices in these markets
where most transactions occur and inform long-term investment and retirement decisions.

In general, we have found that the real-time markets have performed well and produced prices
that are competitive and efficient with the exception of limited periods adversely effected by the
ERCOT Contingency Reserve Service (ECRS). In this chapter, we summarize and evaluate the
outcomes of the ERCOT real-time market in 2024. We conclude with an examination of the
extent to which the dysfunctions associated with ECRS continued to be prevalent in 2024.

A. Real-Time Market Prices

1. All-In Cost of Electricity

Figure 1 summarizes the “all-in” cost of supplying energy to serve load in the ERCOT wholesale
market. In addition to the costs of energy, loads incur costs associated with ancillary services
and a variety of non-market-based expenses referred to as “uplift.” The all-in price metric
includes the load-weighted average of the real-time market prices from all zones, as well as
ancillary service costs and uplift costs divided by real-time load to show costs on a per MWh of
load basis.!" The energy prices are broken into three categories to show the effects of the two
energy price adders on the overall cost of energy:

e The Operating Reserve Demand Curve (ORDC) Adder, implemented in 2014 to allow
prices reflect the increasing reliability risks when reserves begin to run short; and

1L For this analysis “uplift” includes: Reliability Adder Imbalance Settlement, ORDC Adder Imbalance

Settlement, Revenue Neutrality Allocation, Emergency Energy Charges, Base Point Deviation Payments,
ERS Settlement, Black Start Service Settlement, Block Load Transfer Settlement, Firm Fuel Service
Settlement, High Dispatch Limit Override Settlement, RMR Settlement, RUC Settlement, Voltage Services
Settlement, and the ERCOT System Administrative Fee.
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e The Reliability Deployment Price Adder (RDPA), implemented in 2015 to ensure prices
are not inefficiently reduced when ERCOT takes out-of-market reliability actions.'?

These adders are the primary means for ERCOT to reflect shortage pricing through its markets.
Figure 1 shows the monthly load-weighted average all-in prices for electricity in ERCOT the last
two years and the annual average all-in prices for the last five years.

Figure 1: Average All-in Cost for Electricity in ERCOT, 2020-2024
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The all-in cost of electricity fell roughly 52% from almost $70 per MWh in 2023 to $34 per
MWh in 2024. This price drop was anticipated because of (1) decreased natural gas prices and
(2) increased supply, particularly from solar and energy storage resources.

Correlation between gas price and energy price is expected in a well-functioning, competitive
market because suppliers in a competitive market have the incentive to offer energy according to
the marginal cost of generation. Fuel costs represent the largest component of the marginal
production cost for most generators and natural gas is the most widely used fuel in ERCOT.
However, the fact that energy prices remained at approximately the same level in 2023 as in
2022 despite a 62% drop in gas prices indicated that the real-time market was distorted in 2023
as the result of ECRS procurement and deployment practices.

The increase in available supply in 2024 played a significant role in reducing the observable
impact of ECRS deployment practices on real-time market outcomes. In 2023, a large portion of

12 The reliability adder uses the dispatch software to simulate the system lambda without RUCs, deployed load

capacity, or certain other reliability actions. The adder is the difference in system lambda output by SCED
with and without any reliability actions.
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the costs associated with ECRS stemmed from artificial scarcity conditions perceived by the
Security-Constrained Economic Dispatch (SCED) model. These conditions were less common
in 2024 due to the substantial increase in online generation capacity. Figure 1 yields some
additional insights:

e Ancillary services costs were $0.98 per MWh of load in 2024, a 74% decrease from 2023
and the lowest since 2020. We analyze this in greater detail in Chapter I11.

e Uplift costs accounted for $1.24 per MWh of the all-in price in 2024, up 26% from 2023.
Total uplift costs in 2024 were approximately $573 million. This was primarily due to the
increase in the Real-Time Revenue Neutrality Allocation (RENA), the ERCOT System
Administrative Fee, and costs for the Emergency Response Service (ERS) program.

e The increase in RENA of $161 million or $0.35 per MWh in 2024 can be attributed to
differences between the load distribution factors (LDFs) used and transmission network
modeling inconsistencies in day-ahead and real-time.

2. Prices by Time of Day

While Figure 1 shows the variation in the all-in-cost of energy on a monthly basis, Figure 2
illustrates how the real-time price of energy varies by time of day. Specifically, Figure 2 shows
the load-weighted locational marginal prices (LMP) for energy for each S-minute interval during
the summer when demand and prices are typically the highest.

Figure 2: Prices by Time of Day, May-September 2020-2024
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The price trends from 2020 to 2024 reflect the shifting net peak load hour from late afternoon (4
to 5 p.m.) to later evening hours (8 to 9 p.m.), which demonstrates the growing impact of solar
generation. Solar reduces net load in the afternoon but ramps down quickly in the evening while
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demand is still high. As a result, the timing of peak prices has moved accordingly. The sharp
difference in prices for 2024 compared to 2023 also highlights the significant effect of ECRS
implementation artificially increasing the prevalence of shortage pricing.

3. Price Spike Impacts

To better observe the effect of the highest-priced hours on the average real-time energy price,
Figure 3 shows the frequency of real-time energy price spikes in 2023 and 2024. For this
analysis, price spikes are defined as 15-minute intervals when the load-weighted average energy
price is greater than 18 million British thermal units (MMBtu) per MWh (i.e., an implied heat
rate of 18) multiplied by the prevailing fuel index price (FIP) which produces an energy price
spike threshold in $ per MWh. Prices at this level typically exceed the marginal costs of
virtually all on-line generators. The figure also shows the portion of the average energy price in
the month that is attributable to the price spikes.

Figure 3: Impact of Price Spikes on Real-Time Energy Price, 2023-2024
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Figure 3 shows that price spikes were more frequent in 2024 than in 2023 but less impactful on
the average price level. This trend is largely a result of the increase in solar generation, which
lowers average prices in the daytime when demand is high but increases the likelihood of price
spikes while the sun is going down and demand remains high. During these ramp-down periods,
SCED commonly dispatches quick-start natural gas plants or energy storage resources with high
priced energy offer curves, resulting in an increase in the frequency of price spikes despite
having lower energy prices on average. Average prices were higher and the impact from price
spikes was more significant in 2023 primarily due to more frequent extreme temperatures and the
corresponding impacts of artificial scarcity caused by the implementation of ECRS.
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B. Zonal Energy Prices

The cost to serve load varies by location because of congestion, and the result is differences in
electricity prices between Load Zones. Table 1 lists the annual 1oad-weighted average prices for
each zone for 2020-2024.

Table 1: Average Annual Real-Time Energy Market Prices by Zone, 2020-2024

2020 2021 2022 2023 2024

Energy Prices ($/MWh)
ERCOT $25.73 $167.88 $74.92 $65.13 $31.91
Houston  $24.54  $129.24 $81.07 $64.72  $29.58
North $23.97  $206.39 $7552  $6855  $29.96
South $26.63 $187.47 $7296  $63.34  $34.34
West $31.58 $105.27 $6553  $61.62  $35.33

The most noteworthy change in 2024 is that average price in the West zone is the highest of the
four zones for the first time since 2020, even though it had the lowest average price for 2021
through 2023. Moreover, the two highest zonal prices on average were in the West and the
South for the first time since 2020.

The higher prices in the West and South are caused by greater exposure to congestion compared
to the North and Houston zones, a topic we explore more thoroughly in Chapter IV. The West
had the highest number of prices below 30, largely due to high wind and solar output that could
not be delivered because of transmission congestion, both within the zone and on export paths to
other regions. The West and South zones were tied for the greatest frequency of prices
exceeding $200, driven by localized congestion within those zones.

C. Shortage and Reliability Pricing

The current ERCOT market design features two distinct price adders, the ORDC and the RDPA.
This section summarizes the rationale and methodology for each of these price adders and
reviews their impacts on real-time energy prices in 2024,

1. ORDC

The ORDC is intended to reflect the relationship between operating reserves and the probability
of load shed, i.e., as operating reserves decrease, the likelihood of needing to shed load increases.
The ORDC is formulated by comparing this relationship between the level of operating reserves
and the probability of load shed to the Value of Lost Load (VOLL). Shortage pricing is
considered efficient when this reliability cost is built into both energy and reserve prices during
times of shortage. In ERCOT’s current market design, this is done by adding an ORDC price
adder to energy and reserve prices when reserves are low.
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Over the years, ERCOT has made several changes to the ORDC to improve generator revenues
and support reliability until the new Real-Time Co-optimization (RTC) system is in place.
ERCOT summarized these changes and their impacts in their 2024 Biennial ERCOT Report on
the Operating Reserve Demand Curve published in November 2024.'* The most recent change
to the ORDC was implemented in November 2023, when ERCOT implemented a multi-step
ORDC price floor, the chosen “bridge solution” to increase the incentive to build new
dispatchable generation until a reliability program could be implemented. In 2024, this price
floor was binding for 247 SCED intervals and resulted in $11 million in additional revenue.

In 2024, the ORDC was active for only 161 hours,'* just over one-fifth of the previous year's
total. This sharp decline reflects the significant increase in generation capacity that began
commercial operations in 2024, reducing instances of reserve shortages on the ERCOT grid.
Additionally, a mild summer in 2024 kept demand lower, preventing grid conditions from
tightening enough to trigger the ORDC as frequently. Overall, the ORDC contributed less than
1% of the annual average real-time energy price. Figure 4 summarizes the impact of the ORDC
on real-time prices, showing the number of hours these mechanisms were active, their price
impact during those hours, and their average impact normalized across all hours.

Figure 4: Impact of the ORDC on Real-Time Prices
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13 https://www.ercot.com/files/docs/2024/10/31/2024-biennial-ercot-report-on-the-ordc-20241031.pdf
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“Active” is defined as a settlement interval where the ORDC price was at least $0.01.
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2. RDPA

The Reliability Deployment Price Adder is designed to offset the price-suppressing effects of
out-of-market reliability actions taken by ERCOT. These actions, such as Reliability Unit
Commitments (RUCs) and the deployment of ERS demand response, can artificially lower prices
by increasing supply or reducing demand outside the normal market process. The RDPA
corrects for this suppression by increasing real-time prices when these actions occur, ensuring
that prices continue to reflect true market conditions and reliability risks.

The RDPA was triggered in roughly the same number of hours in 2024 as in 2023, but its
average impact on real-time prices was less than a quarter of the previous year’s. The
explanation for this discrepancy is that while out-of-market reliability actions occurred just as
frequently, they occurred under less extreme conditions in 2024 than in 2023, resulting in a
lower impact on prices. For example, there were no ERS deployments in 2024, but ERS
deployments on September 6, 2023, contributed to reliability pricing over $1,000 per MWh for
several intervals, where the RDPA never exceeded $175 per MWh in 2024. Figure 5 summarizes
these impacts, showing both the frequency of RDPA activations and their effect on prices.

Figure S: Impact of the RDPA on Real-Time Prices
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D. Aggregated Offer Curves

The next analysis compares the quantity and price of generation offered in 2024 and 2023.
Figure 6 provides the average aggregated generator offer stacks for the year in all hours, the peak
load hour, and peak net load hour of the year.
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This figure shows that:

e 36% of real-time generation capacity was not dispatchable because it is below generators’
Low Sustained Limit (LSL).

e 32% of real-time generation capacity was offered at less than or equal to $0, primarily
from wind and solar resources. These resources have the incentive to produce even when
prices are negative because many of them receive federal production tax credits.

e 16% of the capacity was priced at levels between zero and a value equal to 10 times the
daily natural gas price (known as the FIP). This price range represents the incremental
fuel price for the vast majority of the ERCOT generation fleet.

e Roughly 17% of the capacity was offered above this level in 2023. Note that $75
corresponds to the energy offer floor for capacity providing online Non-Spin Reserve
Service (NSRS), which averaged approximately 1,000 MW across all of 2024.

Figure 6: Aggregated Generation Offer Stack — Annual, Peak and Net Peak Load
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Figure 6 shows that the average amount of capacity above LSL that was offered into the real-
time market in 2024 increased by approximately 5,300 MW on average compared to 2023.
Nearly 3,000 MW of this increase can be attributed to offers at or below $0, mostly due to the
large increase in installed solar capacity in 2024. Conversely, the volume of capacity below LSL
decreased by 1,100 MW, indicating a decrease in committed capacity from thermal resources.
This trend is also explained by the large increase in solar capacity that had the effect of
decreasing pricing throughout the middle of the day, thus decreasing the economic opportunities
for thermal commitments.
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E. Real-Time Prices Adjusted for Fuel Price Changes

Historically, the real-time price of electricity was directly correlated with the price of fuel for the
marginal generation technology, which for ERCOT is most commonly natural gas. Over time,
other factors have weakened the connection between the prices of natural gas and electricity.
Figure 6 highlighted that the significant deployment of zero marginal cost generation like wind
and solar have resulted in hundreds of hours prices at or below $0 per MWh. Conversely,
shortage pricing induced by the ORDC results in hundreds of hours per year of prices higher than
the marginal cost of natural gas generators.

To summarize the separation between electricity and natural gas prices, we produce an “implied
marginal heat rate” that is calculated by dividing the real-time price of electricity by the natural
gas price. Figure 7 shows the implied marginal heat rates for each month of 2024 and on an
annual basis for 2020-2024.

Figure 7: Monthly and Annual Implied Heat Rates, 2020-2024
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The average implied heat rate for 2024 was considerably lower than in 2021 and 2023, years in
which prices were significantly elevated due to Winter Storm Uri and ECRS-related issues. That
said, the implied heat rate for 2024 was still roughly 30% higher than in 2020 and 2022 and
noticeably higher than would be expected based on the marginal heat rate of the natural gas
power plants in the ERCOT market. This disparity is driven by the impact from price spikes,
shown in Figure 3, which were more impactful in 2024 relative to the price of fuel compared to
2020 and 2022.
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F. Exposure of Load to Real-Time Prices

Although real-time prices play a critical role in sending investment signals in ERCOT’s energy-
only market, most load is not directly exposed to these prices. In 2024, only a relatively small
share of total load was settled at real-time energy prices. Instead, many load-serving entities
(LSEs) manage price exposure through a variety of mechanisms, including owning generation,
entering into bilateral power purchase agreements (PPAs), participating in futures markets, or
procuring energy through the day-ahead market. Figure 8 shows the percentage of load that was
exposed to real-time prices based on ERCOT settlement data.

Figure 8: Monthly Average Load Exposure, 2020-2024
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Figure 8 shows that only 17% of the load was exposed to real-time prices on average in 2024,
and the remainder of real-time load is hedged with positions from the day-ahead market,
including PTPs. This type of forward hedging provides some protection against volatility and
uncertainty associated with the real-time market, but it ultimately provides little protection
against sustained elevations in prices because day-ahead prices in a well-performing market will
tend to reflect the expected real-time prices. For more on the convergence between day-ahead
and real-time market pricing, see Chapter I11.

G. Impact of ECRS on Real-Time Market Prices

The implementation of ECRS in June 2023 had a profound impact on the ERCOT wholesale
market and is referenced throughout this report. The pricing impact of ECRS in 2024 was not as
severe as it was in 2023, largely due to the fundamentals of supply and demand. There was
significantly more solar and energy storage capacity online throughout 2024 than in 2023, and
there were fewer days of extreme heat in the summer. The net effect was a marked reduction in
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hours with reserve shortages in 2024 relative to 2023. That said, problems remain with how
much ECRS is procured and how it is deployed. This section includes a summary and analysis
of ECRS procurement and deployment practices in ERCOT and their resulting impacts on the
functioning of the real-time market.

1. Changes in Operating Reserve Procurements

The primary reason the ECRS rollout proved costly in 2023 was that it increased the amount of
reserve capacity that SCED could not access for energy dispatch. In the absence of real-time co-
optimization between energy and ancillary services, ERCOT must preserve ancillary service
capacity by preventing SCED from assigning energy base points to that capacity. Ancillary
service deployments, in this framework, effectively release the reserved capacity to SCED so it
can be used for energy dispatch. Prior to ECRS, this limitation applied only to regulation and
responsive reserves. NSRS were treated differently as they had the ability to be available to
SCED with an energy offer floor of $75 per MWh. ECRS, once introduced, was withheld from
SCED in the same way as regulation and responsive reserves, reducing overall dispatch
flexibility and contributing to higher market costs.

Figure 9 shows ERCOT’s average 10-minute and 30-minute reserve procurements from 2020 to
2023 compared to those of other Regional Transmission Organizations (RTOs). Figure 9
aggregates Responsive Reserve Service (RRS) and ECRS because they are both 10-minute
reserve products, and NSRS are shown as 30-minute reserves.

Figure 9: Increase in Ancillary Services Procurement
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Figure 9 shows that in 2020, ERCOT procured higher levels of operating reserves than the levels
procured by other RTOs, which is understandable because ERCOT is effectively an electrical
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island that must have the ability to respond to system contingencies quickly and effectively. The
large increase in 30-minute reserve procurements in 2022 as ERCOT began conservative
operations generated much higher reserve procurement costs. However, they did not
significantly affect the real-time market outcomes since these reserves are not withheld from
SCED. With the implementation of ECRS in 2023, however, the level of 10-minute reserves
was substantially increased, significantly increasing the volume of operating reserves that are
inaccessible to SCED. Next, we present our analysis of the ECRS procurement levels.

2. Assessment of ECRS Procurement Quantities

Ideally, operating reserve procurements should be aligned with the reliability objectives the
reserves are intended to address, which we evaluate in this section. We used a stochastic risk
model to characterize the relationship between ECRS volumes and the probability of firm load
shed based on historical operating conditions. There are two primary reliability risks that ECRS
address: (1) forced generation outages, where reserves are deployed to offset the loss of supply,
and (2) net load forecast errors, which can lead to under-commitment of thermal resources.

We used ERCOT data on the historical rates and magnitudes of forced outages and forecast
errors to determine the probabilities of these risks, then applied these risk probabilities to historic
operating conditions to estimate the expected value of load at risk of being shed — this indicates
the amount of ECRS needed to avoid outages. Using these results, we calculated how lowering
the ECRS procurements would affect frequency and potential for load shedding as measured by
an annualized Loss of Load Probability (LOLP). This relationship is shown in Figure 10.

Figure 10: Annual LOLP vs. Decrease in ECRS Procurement Volume
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Figure 10 indicates that ECRS procurement volumes could be cut in half while maintaining an
annual LOLP between 5-10%. Hence, ERCOT could mitigate the adverse market impacts of
excess ECRS procurements while maintaining a high level of reliability. Next, we discuss the
role of ECRS deployment practices in exacerbating these market performance issues.

3. Effects of ECRS Deployments on Real-Time Energy Prices

Upon the implementation of RTC, SCED will be able to make economic trade-offs between
procuring energy and ancillary services in real-time with reserve shortages prices according to a
corresponding ancillary service demand curve (ASDC). Until then, the functioning of the real-
time market depends on judicious deployments of ancillary services. Our analysis in the 2023
State of the Market report indicated that ECRS deployment practice resulted in approximately
$12 billion in excess costs in the real-time market.

In response to this analysis, ERCOT sponsored NPRR 1224 in the spring of 2024. This NPRR
would codify conditions under which blocks of ECRS capacity could be released to SCED. The
final proposal was that S00 MW of ECRS capacity would be released after two consecutive
SCED intervals of under-gen'® of at least 40 MW, effectively forcing the real-time market into
artificial shortage conditions before releasing ECRS. Moreover, the capacity released to SCED
would be subject to a $750 per MWh energy offer floor, for which there is no reasonable basis.
Hence, we found this proposal to be flawed, and it was ultimately rejected by the Commission in
July 2024. However, ERCOT still implemented the deployment process proposed by NPRR
1224, but without the $750 per MWh energy offer floor.

To estimate the excess costs caused by ECRS deployment practices in 2024, we identified real-
time market conditions where deploying ECRS would have significantly reduced costs. We
focused on events with at least two consecutive SCED intervals showing 10 MW or more of
under-generation. These are situations where deploying ECRS would have clearly improved
both economic efficiency and reliability. Importantly, deploying the ECRS does not generally
reduce the 10-minute reserves available to ERCOT but simply makes them available to SCED
and transfers them to online resources. In fact, it often increases available reserves by preventing
storage resources from having to discharge to satisfy demand.

For each event, we measured its duration based on how long the under-generation continued.
We then simulated these events assuming full release of ECRS capacity to SCED and compared
the outcomes to actual SCED results. The excess cost was calculated as the difference between
the original and simulated results, measured as system lambda multiplied by load. Figure 11
presents the estimated excess costs for each of these identified events.

15 https://www.ercot.com/mktrules/issues/NPRR 1224
16

SCED generally procures enough energy through base points to satisfy demand, but it can go short on energy
according to the Power Balance Penalty Curve. The volume of shortage is referred to as “Under-generation.”
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Figure 11: Excess Cost of ECRS Deployment Practice, 2024
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In 2024, ECRS deployment practices contributed to both significant market costs and reliability
challenges. Figure 11 identifies 24 events where more flexible deployment of ECRS would have
saved the market over $700 million in total, two events exceeding $100 million in excess costs.
Only three of these events included ECRS deployments according to the criteria defined by
NPRR 1224, and the sum of excess cost from those three events was almost $220 million. These
costs are much lower than the $12 billion in 2023 because the system was less tight.

In addition to the financial impact, current practices negatively affected reliability by excessively
dispatching energy storage resources (ESRs) for energy, while keeping gas turbines in reserve.
Simulations that released ECRS in these events preserved ESR state of charge (SOC) by
reducing net injections by ESRs by 13% throughout the events.

4, ECRS Conclusions and Recommendation

ERCOT’s current approach to procuring and deploying ECRS continues to create significant
challenges for both market efficiency and system reliability. However, the implementation of
RTC in late 2025 will address many of these issues. With RTC, SCED will have the ability to go
short on ECRS based on the shortage prices defined in the ASDC, eliminating the need for
manual deployments and enabling more efficient, market-driven decisions.!” Until then, we
continue to recommend that the ERCOT improve its procedures to release earlier before
allowing consecutive intervals of artificial shortage pricing in the real-time market and to
maintain the released ECRS until operating conditions have been resolved. These improvements
would improve reliability and lower costs substantially.

I The ASDCs defined by NPRR 1268 sponsored by the IMM, should result in further improvements in market
performance vis a vis ECRS. See https:/www.ercot.com/mktrules/issues/NPRR 1268 for more details.
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II. DEMAND AND SUPPLY IN ERCOT

Many of the trends in market outcomes described in Chapter I are attributable to changes in the
supply portfolio or load patterns in 2024. This chapter summarizes the trends in supply and
demand including wind and solar generation, the dramatic increase in market participation from
energy storage resources, and the behavior of demand response resources and other price
responsive loads.

A. ERCOT Load in 2024

Figure 12 shows peak load and average load by zone from 2020 through 2024.'® The average
load characterizes the aggregate change in energy demand over the entire year, while the peak
demand reflects the instantaneous demand for available generation capacity to avoid load shed.

Figure 12: Annual Load Statistics by Zone, 2020-2024
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Figure 12 shows that the average ERCOT load in 2024 increased by 3.5%, but the peak load
slightly declined. This disparity is explained by the continued population and economic growth
in Texas coincident with less extreme temperatures than in 2023. The West continued to exhibit
the largest relative increase in both average and peak load, 15.7% and 13.3%, respectively,

18 Non-Opt-In Entity (NOIE) load zones have been included with the proximate geographic zone.

2 In recent years, peak net load (load minus intermittent renewable output) is a more direct cause of shortages.
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which is driven by the growth in oil and gas production in the Permian Basin and data center
load related to cryptocurrency mining, which is discussed in further detail below in the Large
Flexible Load Section.

B. Generation Capacity in ERCOT

ERCOT’s installed generation capacity at the end of 2024 reflects continued growth in solar and
storage, with most new additions concentrated in the South and North load zones. This section
provides a breakdown of installed capacity by resource type, highlights how much came online
in 2024, and identifies where those additions occurred across the system. Figure 13 shows total
installed capacity with Part 2 Approvals to operate at their summer High Sustained Limit (HSL)
from 2015 through 2024. Tt includes full HSL capacity for intermittent renewable resources
(IRRs) and only reflects resources with HSLs telemetered from private use networks (PUN) that
were available for ERCOT dispatch within the year.

In 2024, approximately 14 GW of new capacity entered commercial operation, including 7.5 GW
of solar, 5.0 GW of energy storage resources (ESRs), 1.1 GW of wind, and 500 MW of
combustion turbines. Since 2020, most new capacity has come from solar and ESRs, with
annual average additions of 5.2 GW and 2.4 GW, respectively.

Figure 13: Installed Generation Capacity in ERCOT, 2015-2024
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Most of the new generation and storage capacity added in 2024 was built in the South and North
zones, which accounted for 37% and 33% of new builds, respectively. Nearly all of this capacity
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was solar and storage. An additional 21% was built in the West zone, while the remaining 9%
was added in the Houston zone. Figure 14 shows the total installed capacity by resource type
across each zone.

Figure 14: Installed Capacity by Resource Type for Each Zone, 2024

50 160
= 45 - 144 2
5 ®m Wind 5
e 407 O Solar - 128 E:
§35 _ mESR - 112 §
< =
L_) 30 4 m Gas Peakers 96 2
g E Gas Steam g
2 25 B Combined Cycle - 80 2
g - g
(f 20 A m Coal - 64 w
o h
E 15 | E]Other | 48 Qé
= E Nuclear 5
L 10 A - 32 wm
S 5 4 ”, - 16 =

O T T T T T O
Houston North South West Total
ERCOT

The geographic distribution of capacity in the North and South zones closely mirrors the pattern
of demand shown in Figure 12. In contrast, the West zone continues to generate more power
than it consumes and remains a major exporter. The Houston zone has become increasingly
dependent on imports from other parts of the state as Houston’s load growth outpaced local
capacity additions.

The composition of generation output has changed consistently with the changing installed
capacity shown in Figure 13. Over the past year, the share of generation from wind has been
nearly flat while the solar share increased from 7.2% in 2023 to 10.4% in 2024. The share of
output from coal and natural gas resources both fell roughly one percentage point each from last
year to 12.6% and 44.2% of all output in 2024, respectively.

C. Wind and Solar Output in ERCOT

The output of wind and solar resources has been growing over time and can vary substantially by
season. To show these trends, Figure 15 and Figure 16 show monthly wind and solar generation
totals for 2024 and annual generation from 2020 to 2024. They also show the total amount of
wind and solar curtailment due to congestion. Wind generation grew by 3.9% from 2023 to
2024, with more than 4% of output curtailed due to congestion. Solar generation grew more
sharply, increasing by 62% with nearly 6% of that output curtailed.
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Figure 15: Wind Production and Curtailment, 2018-2024
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Figure 16: Solar Production and Curtailment, 2018-2024
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While wind has a higher overall capacity factor than solar, it is less aligned with daily peak
load.?® As shown in Table 2, wind resources had a 29% capacity factor during daily peak load
intervals in 2024, compared to over 40% for solar. However, as solar output has increased, it has
shifted the timing of peak net load, which is now occurring later in the evening when solar
production declines. As a result, the solar capacity factor during the daily net peak net load
interval has dropped each year since 2020, reaching just 3.9% in 2024. In contrast, wind
maintained a capacity factor of 28.4% during the same interval, consistent with previous years.

Table 2: Aggregate Capacity Factor of Wind and Solar Generation, 2020-2024

| Wind Solar |
Daily Peak  Daily Net Daily Peak  Daily Net
Year | Overall Load Peak Load Overall Load Peak L.oad
2020 35.3% 31.8% 26.2% 25.6% 44 8% 42 3%
2021 33.4% 30.6% 25.8% 23.6% 41.7% 33.1%
2022 34.4% 31.8% 28.2% 24.2% 40.9% 23.1%
2023 32.4% 28.9% 27.1% 22.7% 39.4% 11.7%
2024 32.0% 29.3% 28.4% 22.3% 40.1% 3.9%

As more energy is produced from renewables, especially during sunny or windy periods, net load
becomes more variable and concentrated into fewer hours of the day. This shift affects both real-
time system operations and long-term resource adequacy planning in ERCOT. Figure 17
highlights this trend by showing net load during the highest and lowest hours of 2024.

Figure 17: Top and Bottom Deciles (Hours) of Net Load, 2020-2024
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Figure 17 shows that in 2024, the peak net load was 69.6 GW, about 10 GW lower than in 2023
and 5 GW lower than in 2022. This decline was driven by a sharp increase in solar capacity and
milder summer weather. However, 2024 is expected to be an exception. As the peak net load
hour continues to shift later into the evening, when solar output falls off, peak net load is likely
to rise rapidly in the coming years.

D. Imports to ERCOT

The ERCOT region is connected to neighboring systems through several direct current (DC) ties.
Two ties with the Southwest Power Pool (SPP) provide 820 MW of transfer capability, while
two others with Mexico’s Comision Federal de Electricidad with 400 MW of capability. Power
can flow in either direction across these ties, with exports increasing demand and imports
increasing supply in ERCOT. Figure 18 shows the total energy transacted over the DC ties
annually since 2020.

Figure 18: Annual Energy Transacted Across DC Ties
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In 2024, ERCOT was a net exporter for the first time since 2018. Although it remained a net
importer from the SPP, net exports to Mexico were large enough to offset those imports. This
shift was likely driven by lower average power prices in Texas compared to prior years.

E. Energy Storage Resources

Energy storage resources are a category of technologies designed to consume and store energy
for later use. ESRs may include pumped hydro storage systems, compressed air energy storage
(CAES), hydrogen and other power-to-gas systems, and a variety of other technologies. Because
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battery energy storage systems (BESSs) constitute virtually all ESRs in ERCOT, the term ESR is
used interchangeably with batteries throughout this report. This section provides an overview of
ESR fundamentals and summarizes the rapid influx of ESR capacity into ERCOT in recent
years. We also discuss the evolution of ESR participation in ancillary service markets, their
penetration into the markets for energy, and the revenue trends associated with this evolution.

1.

ESR Fundamentals

ESRs have operating characteristics that distinguish them from traditional generation:

They are duration limited — ESRs are limited by their state of charge (SOC), which
represents the amount of energy they have stored at any given time. The average
duration of batteries in ERCOT at the end of 2024 was 1.6 hours. This limitation has
implications for how ESRs participate in the markets for energy and operating reserves.

They are a net load to the grid — Even though ESRs function as both generation and
load, they ultimately act as a net load on the system due to round-trip efficiency losses.
ESRs must first consume energy to charge before later discharging, which is inherently
inefficient with losses occurring through this cycle. The National Renewable Energy Lab
(NREL) cites a roundtrip efficiency of 85% as its Annual Technology Baseline for
2024 %

Batteries ramp quickly — Unlike thermal generators, which require time to start up and
adjust their output, batteries are always “online” and can adjust their rate of charging and
discharging almost instantly. This flexibility makes them well-suited for providing
quick-responding ancillary services such as regulation or responsive reserves. Their
ability to rapidly switch between charging and discharging makes them ideal for handling
fluctuations in load or renewable generation.

They are driven by opportunity cost — The charging/discharging cycle and the duration
limitations create unique economics for ESRs. It requires ESRs to optimize their
schedule for charging and discharging to maximize their revenue. Since the market
software does not optimize intertemporally and only optimizes for one five-minute
interval at a time, ESR owners must offer strategically to manage their SOC to maximize
their value. These strategies can introduce market inefficiencies. A Multi-Interval Real-
Time Market (MIRTM) would allow SCED to optimize charging and discharging of
ESRs over time and reduce the need for ESRs to do this themselves. We recommended
that ERCOT consider implementing a MIRTM in our 2022 State of the Market report.

21

https://atb.nrel. gov/electricity/2024/utility-scale_battery _storage
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2. ESR Capacity Trends

The first batteries started commercial operations in ERCOT in 2012. Their installed capacity
remained below 300 MW until 2021 where it increased from 300 MW to 1,600 MW in only 12
months. ESR capacity has grown exponentially since then, reaching 9,505 MW by the end of
2024. Over that same time, the average duration of batteries has increased to approximately 1.6
hours. Figure 19 illustrates the growing trend of both the total installed capacity and average

duration.
Figure 19: ESR Installed Capacity, 2020-2024
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3. ESR Participation in Ancillary Service Markets

The rapid expansion in ESRs’ provision of ancillary services like Regulation Up Reserve Service
(Reg-Up), Regulation Down Reserve Service (Reg-Down), and Responsive Reserve Service
(RRS) began even before 2024. In 2024, ESRs continued to increase their share of deployments
across key ancillary services. On average, ESRs provided 84%, 77%, and 39% of Reg-Up,
Reg-Down, and RRS, respectively. Their ability to ramp instantly and respond with precise, sub-
second accuracy makes them ideal for frequency regulation, where continuous adjustments are
needed to maintain system balance. Figure 20 illustrates the growing role of ESRs across
ancillary service products.

It should be noted that batteries are able to provide two distinct types of responsive reserves. In
addition to the primary frequency response product provided by conventional generators,
batteries are also able to provide fast frequency response (FFR), a variation of RRS that operates
via relay in response to frequency deviations. FFR was implemented in March 2020 through
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phase 1 of NPRR 863,?* and the volume of RRS that can be provided by FFR is limited to 450
MW. We go into further detail on the limits imposed on FFR in the section on “Ancillary
Services from Load Resources” later in this chapter.

Figure 20: ESR Participation in Ancillary Services, 2022-2024

3,500
’ O Reg-Down
[ -
2 3000 | ®ReeUp
a O Non-Spin _
£ 2,500 - WECRS
g O Responsive I
T
= 2,000 A
L
&
g 1,500 + I
S _
% 1,000 1
= |
=
S 500 -
=
<
0
JFMAMJ JASOND|J FMAMJ JASOND|J FMAMJ JASOND
2022 2023 2024

ESRs also provide ERCOT Contingency Reserve Service (ECRS) and Non-Spin Reserve Service
(NSRS), but their provision of these products is limited by the duration requirements for
providing these products, two hours for ECRS and four hours for NSRS. These limitations
disincentivize ESRs from providing these reserves in favor of participating in the market for
energy. These incentives could be problematic under system-wide shortage conditions where it
would be more promoting of reliability for duration limited resources to be held in reserve.

Thus, we recommend that ERCOT reduce the duration requirement for both ECRS and NSRS to
one hour in Recommendation 2024-2.

4. ESR Participation in Energy Markets

Prior to 2024, ESR participation in the wholesale market was primarily driven by provision of
ancillary services, reflecting their ability to respond quickly to fluctuations in supply and
demand. As ESRs saturated the market for several AS products, they shifted meaningfully
toward energy arbitrage in 2024. Energy arbitrage refers to the practice of buying electricity
when prices are low and selling it back to the grid when prices are high. It relies on the natural

2 https://www.ercot.com/mktrules/issues/NPRR863
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fluctuations in electricity prices caused by supply and demand dynamics throughout the day, thus
smoothing price volatility and enhancing grid stability.

The continued rapid influx of IRRs into the ERCOT market, particularly solar photovoltaic (PV),
has also facilitated the growth of ESRs by enabling low-cost charging throughout the day. As
solar generation has surged in the midday hours, real-time prices have dropped correspondingly,
sometimes even to negative prices, allowing batteries to charge inexpensively or even get paid to
consume energy that would otherwise be curtailed. Figure 21 illustrates this trend by showing net
injections of energy from ESRs on an hour ending basis for 2023 and 2024. A positive injection
value indicates aggregate discharging to the grid and a negative value represents aggregate
charging. The figure highlights the dramatic increase in charging and discharging from ESRs in
2024 compared to the prior year.

Figure 21: Net Injection of Power from ESRs in 2024
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To further examine the evolution of ESR participation in the real-time energy market, we
consider the aggregate bid and offer curves submitted by ESRs from 2020-2024, which is
summarized in Figure 22. This figure shows a number of trends:

e The volume of energy offers submitted by ESRs has grown exponentially, doubling from
almost 1,500 MW on average in 2023 to over 3,000 MW on average in 2024.

e The percentage of ESR offers that are priced competitively according to normal market
clearing prices has also increased substantially, with nearly half of energy offers priced
between $0-100 per MWh on average in 2024 compared to only 25% priced in that range
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in 2023. This second trend suggests that as more ESRs have entered the market, they are
forced to offer more competitively to maximize revenue from energy sales.

e ESRs still submit a substantial percentage of offers prices at the System-Wide Offer Cap
(SWCAP), 29% in 2024 compared to 42% in 2023, which can partially be attributed to
SOC management. ESRs must maintain sufficient SOC for satistying their AS
obligations, even if they are using some capacity for energy arbitrage. The drop from
2023 to 2024 is also reflective of the ECRS-induced artificial scarcity in 2023, which
made it much more likely for offers priced at SWCAP to clear than in 2024.

Figure 22: Average Aggregate Offers for ESRs to Buy or Sell Energy, 2020-2024
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In contrast, Figure 22 also shows the aggregated bid curves for ESRs to purchase energy for
charging. Since 2021, most charging bids have been priced at or below $0, reflecting the goal of
minimizing charging costs to maximize net revenues from energy arbitrage. However, the share
of charging bids priced above $0 has grown significantly in recent years. This suggests that
ESRs are increasingly willing to pay for charging as competition in the energy market grows and
opportunities for low- or zero-cost charging become less common.

As more ESRs enter the market, their collective charging demand will tend to push prices higher,
reducing the frequency of $0 clearing intervals. It is also notable that the amount of ESR
capacity offering to buy energy far exceeds the capacity offering to sell. This likely reflects that
much of the ESR discharging capacity is committed to ancillary services, such as up-reserves,
and is therefore not available to SCED.
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5. ESR Revenue Trends

Economic fundamentals would suggest that as more ESRs enter the market, their revenues per
unit of ESR capability will tend to decrease as the market for ancillary services becomes
saturated and price spreads for energy arbitrage tighten. The revenue trends shown in Figure 23
validate these expectations, with some exceptions. Impactful events like Winter Storm Uri in
2021 and the implementation of ECRS in 2023 created revenue spikes that obscure a clear year-
over-year trend in revenue per kilowatt (kW) or total revenue growth. In 2024, total ESR revenue
declined compared to 2023, primarily because of the increasing supply surplus from new IRRs
and fewer extreme heat days that together reduced the frequency of price spikes. Normalized
revenues from energy arbitrage have grown every year as their offer patterns have become more
competitive.

Figure 23: Total and Normalized ESR Revenue, 2020-2024
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F. Demand Response Capability

Demand response is a term that refers to actions that can be taken by consumers of electricity to
reduce their load in response to instructions from ERCOT or economic incentives. Examples of
demand response in ERCOT include operating reserves provided by load resources, price-
responsive dispatch through SCED, self-curtailment based on economic incentives, and
reliability programs administered by ERCOT and transmission and distribution service providers
(TDSPs). Trends related to each of these forms of demand response are discussed in this section,
but first we examine the proliferation of Large Flexible Loads in the ERCOT market in recent
years.
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1. Large Flexible Loads

Large Flexible Loads (LFLs) are characterized by their significant size, typically ranging from
tens to hundreds of MWs per interconnection, and their ability to adjust consumption based on
market conditions. They routinely participate in demand response to optimize the economics of
their operations. The two primary types of demand response used by LFLs are price response,
which involves reducing consumption to avoid high energy prices, and Four Coincident Peak
(4CP) response, which involves reducing consumption during system peak intervals to manage
transmission cost exposure. These forms of demand response are discussed in more detail in the
following subsections.

The vast majority of LFLs in ERCOT are cryptocurrency mines. These operations consist of
highly specialized data centers built to perform the complex computations required to validate
cryptocurrency transactions. Unlike traditional data centers, cryptocurrency operations can
rapidly adjust their load, and their profitability is very sensitive to the price of electricity, so they
will generally have incentives to reduce consumption when prices are high. This makes them
well suited to participate in price-based demand response.

Crypto-mining operations began relocating to Texas in large numbers in 2021 following a
nationwide ban in China. By spring 2023, more than 2,000 MW of LFL capacity had already
been identified. By the end of 2024, that number had grown to over 3,600 MW of non-
coincident demand and more than 3,200 MW of simultaneous demand, as shown in Figure 24.

Figure 24: Non-Coincident and Simultaneous Peak Demand for LFLs
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Some notable characteristics of LFLs in ERCOT as of the end of 2024 include the following:
e Approximately 30% of LFLs are co-located with generation.

e More than half of LFL capacity is located in the West load zone, followed by the North
and South zones.

e A substantial percentage of LFL capacity has been registered as Load Resources, though
the exact percentage has varied as LFLs have changed ownership and resource status.

The next subsections focus specifically on load resources, first their role in providing ancillary
services, and then their participation in the real-time market as price-responsive load.

2. Ancillary Services from Load Resources

ERCOT allows qualified load resources to offer into the day-ahead ancillary services markets.
There are two types of load resources in ERCOT — non-controllable load resources (NCLRs) and
controllable load resources (CLRs). Because of their different capabilities in responding to
system conditions or instructions from ERCOT, CLRs and NCLRs have different limitations in
the types and volumes of ancillary services they can provide.

Ancillary Services from NCLRs

As of November 2024, there were 505 registered NCLRs in ERCOT, with a combined capacity
of 10,016 MW.?* NCLRs can qualify to provide RRS, NSRS, and ECRS. Historically, their
primary contribution has been to provide responsive reserves. Table 3 shows the average
ancillary services supplied by NCLRs from 2022 through 2024.

Table 3: Average Volume (MW) of Ancillary Services Provided by NCLRs, 2022-2024

| RRS ECRS NSRS
2022 1,769 N/A 10
2023 1,742 67 70
2024 1,700 164 3

Although more than 8,300 MW of NCLR capacity was qualified to provide responsive reserves
in 2024, the average amount actually provided was only 1,700 MW. One reason for this gap is
that ERCOT imposes limits on the share of total responsive reserves that can come from NCLRs.
Conventional generators provide responsive reserves through primary frequency response, which
automatically adjusts output in response to large frequency deviations. In contrast, NCLRs
provide responsive reserves either by automatically disconnecting through an under-frequency

23 See 2024 Annual Report of Demand Response in the ERCOT Region (Feb. 2025), available at
https://www.ercot.com/mp/data-products/data-product-details?id=NP3-110
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relay (UFR) at 59.7 Hertz (Hz) or by responding to manual deployment instructions from
ERCOT during an Energy Emergency Alert Level 2.

ESRs, which as noted earlier can provide FFR, represent a third method of delivering responsive
reserves. ERCOT limits the combined volume of responsive reserves from UFR and FFR to no
more than 60% of the RRS volume in the Ancillary Services Plan for each hour. In addition,
FFR is subject to a separate cap of 450 MW. Rather than clearing each type of responsive
reserve separately with distinct prices, ERCOT clears them together and prorates the awards for
UFR and FFR when the combined limit is binding. Figure 25 shows this by comparing the
volumes of UFR and FFR that are self-scheduled or awarded in the day-ahead market (DAM)
and the remaining uncleared offers and the ERCOT limit.

Figure 25: Responsive Reserves from UFR and FFR in DAM
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Figure 25 shows that the offers to provide UFR decreased from 2023 to 2024, likely because of
the decrease in RRS prices over this timeframe made it less economic for some of the NCLRs to
be willing to curtail.

Interestingly, the limit on UFR plus FFR is no longer consistently binding, as primary frequency
response (PFR) offers from ESRs are often more competitive. In addition, total FFR offer

volumes are frequently below the 450 MW cap. This trend reflects a shift in ESR offer strategy.
Since providing PFR is similarly costly, many ESRs prefer to offer PFR to avoid the risk of their
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FFR offers being prorated when the combined limit is reached. This behavior is likely a direct
result of ERCOT clearing multiple forms of responsive reserves together, rather than treating

them as distinct products with separate clearing prices, as we address in Recommendation 2019-
2.

In addition to providing RRS, load resources can also participate in NSRS and ECRS. As with
RRS, ERCOT places a cap on how much ECRS can come from NCLRs, limiting their share to
no more than 50% of the total Ancillary Services Plan for ECRS. As shown in Table 3, NCLR
participation in ECRS remains low, despite ECRS consistently clearing at a premium price to
RRS and carrying less risk of proration at current volumes. The reasons for this low
participation are unclear.

NCLRs first began participating in NSRS in November 2022 following the implementation of
NPRR 1093?* and NPRR 1101.2> However, their participation has remained limited. To qualify
to provide NSRS, NCLRs cannot have an active UFR, which means they must choose between
providing NSRS or RRS. Since RRS is generally the more valuable product, most NCLRs opt to
participate in RRS instead.

Ancillary Services from CLRs

Load telemetry from CLRs averaged only 300-450 MW of across all of 2024 as shown in
Figure 26.2° Much of this load can be attributed to CLRs carrying ancillary services.

Figure 26: Average Aggregate Load for CLRs, 2022-2024
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2 https://www.ercot.com/mktrules/issues/NPRR 1093

https://www.ercot.com/mktrules/issues/NPRR 1101

25

24 The set of CLRs included in this data provided by ERCOT’s demand integration team does not include ESRs
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CLRs that are capable of providing PFR are eligible to provide regulation, RRS, NSRS, and
ECRS. The amount of responsive reserves they can offer depends on their droop setting, and
there is no cap on the share of responsive reserves in the Ancillary Services Plan that can come
from CLRs. NPRR 1244, approved in November 2024,%” expanded eligibility for CLRs that
cannot provide PFR, allowing them to participate in NSRS and ECRS while disqualifying them
from providing regulation or responsive reserves.

Table 4 shows the average volume of operating reserves provided by CLRs from 2022 through
2024.

Table 4: Average Volume of Ancillary Services Provided by CLRs, 2022-2024

RRS ECRS NSRS
2022 82 N/A 0
2023 36 58 9
2024 34 37 47
8/23/24-12/31/24 45 22 82

The volume of regulation provided by CLRs is effectively zero, because regulation service
carries a much higher opportunity cost compared to other ancillary services. Regulation is
deployed frequently, which reduces a facility’s available run time and limits revenues from its
primary operations. As shown in Table 4, CLRs primarily provided RRS in 2022. In 2023,
following the introduction of ECRS, CLR participation shifted toward ECRS, which offered
higher compensation than RRS.

Until the implementation of NPRR 1131 in August 2024, CLRs could only provide offline
NSRS, which required them to continue consuming electricity until receiving a manual
instruction from ERCOT to reduce load. This exposed participants to potentially high real-time
prices. Since NPRR 1131 took effect, CLRs have been allowed to provide online NSRS, with
their capacity treated as a standing deployment that SCED can dispatch down based on an energy
bid curve priced at no less than $75 per MWh. As a result, the volume of NSRS provided by
CLRs increased substantially after August 2024.

Relative to their total capacity, the average volume of ancillary services provided by CLRs
remains small. One reason for this low participation is that, under the current market design,
energy and ancillary services are not co-optimized for load resources in the day-ahead market.
As a result, if a load resource is awarded ancillary services in DAM, it remains exposed to real-
time energy prices. These incentives are expected to improve significantly with the
implementation of Real-Time Co-optimization (RTC) and, more notably, with NPRR 1188,

7 https://www.ercot.com/mktrules/issues/NPRR 1244
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which will introduce day-ahead co-optimization of energy and ancillary services for load
resources.

3. Price Response through SCED

The participation of CLRs in SCED was implemented in 2014, allowing loads that can respond
to S-minute dispatch instructions to submit bids to buy electricity at certain price quantity pairs,
which allows them to be dispatched down when the clearing price exceeds these bids. The
average aggregate bid prices and corresponding base points associated with CLRs for 2022-2024
are shown in Figure 27.

Figure 27: Average Aggregate Bid Curves and Base Points for CLRs, 2022-2024
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Note that LPC refers to the aggregate low power consumption level of CLRs, or the minimum
level to which they can be dispatched down by SCED. Year-to-year variation in CLR bid prices
reflects the changing economic value of their output, including fluctuations in cryptocurrency
prices and the associated break-even cost of electricity consumption. For example, the share of
CLR bids priced above $100 increased from 50% in 2022 to 69% in 2024. This shift reflects
both rising cryptocurrency prices and improvements in mining hardware efficiency. As a result,
CLRs received a greater volume of base points, since they were dispatched down less frequently
due to prices clearing above their submitted bids.

Several upcoming market design changes are expected to improve the incentives for loads to
register as CLRs. One of the most important is the implementation of RTC, which will reduce
the risk that loads face from high real-time prices when fulfilling ancillary service obligations.
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Another major change will come through NPRR 1188, approved by the PUCT in November
2024, which will introduce nodal pricing for CLRs.

Currently, CLRs are dispatched and settled using zonal prices, which creates two economic
challenges. First, for CLRs located at nodes with structurally low energy costs, such as those in
the Panhandle near large volumes of renewable generation, the zonal price is often higher than
the cost of serving their load. Second, CLRs are still settled at the zonal price even when
dispatched down in response to price spikes. For example, if a CLR has a break-even price of
$100, and the zonal price across three SCED intervals is $50, $50, and $350, the average
settlement price over those 15 minutes would be $150. Although the CLR would be dispatched
down during the $350 SCED interval, it would still incur a loss over the full settlement interval.

In addition, NPRR 1244, also approved in November 2024, will allow loads to register as CLRs
even if they cannot provide PFR. This expands participation to wholesale consumers that can be
dispatched in SCED, improving both reliability and price formation in real time, even if those
loads cannot provide the full suite of ancillary services. Taken together, these market design
improvements could lead to a significant increase in the number of loads registering as CLRs.

4, Self-curtailment

In addition to participating in demand response programs that involve direct instructions from
ERCOT to reduce consumption, loads also engage in self-curtailment, which occurs outside of
the formal wholesale market process. There are two primary forms of self-curtailment. The first
is price response, where a load voluntarily reduces consumption to avoid high prices without
receiving a dispatch instruction from SCED. The second is 4CP response, where a load reduces
consumption during system peaks to lower its share of transmission cost allocation.

Self-curtailment through price response has grown significantly with the rise of demand from
LFLs. To illustrate this trend, Figure 28 shows the aggregate load from LFLs?® as a function of
system-wide prices. The data indicate that LFLs reduce their consumption by as much as 75%
when system lambda exceeds $1,000 per MWh.

Self-curtailment as price response from LFLs is a relatively recent trend. Historically, the more
consequential form of self-curtailment has been 4CP response. Under this mechanism,
transmission costs are allocated to load serving entities based on their load ratio share during the
highest 15-minute system load intervals in each of the four months from June through
September, a method known as 4CP. By reducing demand during these intervals, entities can

28 Note that these data do not include consumption from CLRs because they are dispatched by SCED rather

than self-curtailed
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lower their share of transmission charges, which were approximately $10 per MWh in 2024.%
ERCOT estimates that about 2,500 MW of load was reduced during 4CP intervals in 2024,
roughly 1,000 MW less than in 2023.3° This year-over-year decline may be attributed to reduced
overall load due to milder summer weather and fewer extreme events.

Figure 28: LFL Demand vs. System Lambda, 2022-2024
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While both forms of self-curtailment can help reduce system stress during periods of high
demand, they also present challenges for grid operations and market design. For price-based
curtailment outside of SCED, sudden drops in load are not captured in economic dispatch and
must be balanced using operating reserves. As the volume of this type of response has increased,
so has the need for additional reserves to maintain real-time balance between supply and
demand. To address this issue, ERCOT should encourage more loads to register as CLRs,
allowing them to be dispatched down through SCED rather than reacting independently. The
implementation of RTC and nodal pricing for CLRs through NPRR 1188 should significantly
improve the incentive structure for this transition.

» ERCOT Report on Existing and Potential Electric System Constraints and Needs, December 2024,

https://www.ercot.com/files/docs/2024/12/20/2024-report-on-existing-and-potential-clectric-system-
constraints-and-needs. pdf

30 See ERCOT, 2023 Annual Report of Demand Response in the ERCOT Region (Jan. 2024) at 18, available at

http://www.crcot.com/services/programs/load.
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In the case of 4CP-related self-curtailment, several adverse effects have emerged. Although
transmission costs were once closely tied to peak demand, this relationship is weakening. Load
growth in regions like West Texas, away from traditional population centers, is driving
transmission needs regardless of system peak. Additionally, with the increased role of
renewables, peak demand is no longer a reliable proxy for scarcity or high prices. As a result,
load reductions during peak intervals can suppress prices and reduce revenues to generators,
which in turn poses long-term risks to resource adequacy. To address these distortions, we
continue to recommend revisiting the transmission cost allocation methodology in favor of a
framework based on cost causation principles (see SOM Recommendation 2015-1).

5. Reliability Programs

There are two main reliability programs in which ERCOT loads can participate. The first is the
Emergency Response Service (ERS) program, administered by ERCOT. The second consists of
demand response programs managed by the transmission and distribution service providers
(TDSPs). The ERS program was established by a PUCT rule adopted in March 2012 and has a

program budget of $75 million as of August 2022.

Industrial and commercial electricity consumers submit offers to provide ERS through a
centralized auction, and ERCOT deploys ERS during Energy Emergency Alerts (EEAs) or when
Physical Responsive Capability (PRC) falls below 3,000 MW. Since its inception, ERS has been
deployed for nine events, most recently in September 2023. For the 2024 program year
(December 2023 through November 2024), ERCOT procured an average of 1,147 MW per hour,
an 18% increase from 2023, at an average clearing price of $7.36 per MWh, a 5% decrease from
the prior year.

TDSP Load Management programs operate similarly by procuring demand response capacity
from end-use customers, but only for the summer and winter peak seasons. While TDSPs
generally manage the testing and deployment of their enrolled load resources, those resources
may also be dispatched by ERCOT during an EEA Level 2 event. In 2024, approximately 113
MW of load participated in the winter program and 289 MW participated in the summer
program, reflecting year-over-year increases of 22% and 11%, respectively.
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I11. DAY-AHEAD MARKET PERFORMANCE

ERCOT’s day-ahead market (DAM) allows participants to take financially binding forward
positions as hedges against real-time market outcomes. Examples of the types of positions
market participants can take in the day-ahead market include the following:

e Purchases and sales of energy for delivery in real-time

e Hedges against the incremental value of congestion between day-ahead and real-time,
i.e., point-to-point (PTP) obligations and options

e Sales of ancillary services to be provided in real-time

The DAM plays a critical role in coordinating generator commitment decisions and helping
participants manage or arbitrage real-time price exposure. Although ancillary services involve
physical delivery, the DAM is otherwise a voluntary financial market and creates no physical
obligations from market awards. All bids and offers are cleared respecting transmission network
constraints, producing nodal prices that reflect modeled congestion. In addition, the DAM
provides an opportunity to hedge exposure to real-time price.

In this section, we examine day-ahead energy prices in 2024 and their convergence with real-
time prices. We also review the activity in the DAM, including physical and virtually scheduled
sales of energy and a discussion of PTP obligations. The section concludes with a review of the
day-ahead ancillary service markets.

A. Day-Ahead Energy Market Pricing

A primary indicator of forward market performance is the extent to which forward prices
converge with real-time prices over time. Prices should converge when: (1) there are low
barriers to purchases and sales in either market, (2) sufficient information is available to allow
market participants to develop accurate expectations of the real-time prices, and (3) the physical
limitations of the transmission network are accurately reflected in both markets. These
conditions allow market participants to arbitrage predictable differences between day-ahead and
real-time prices, ultimately resulting in price convergence. Price convergence between the day-
ahead and real-time markets is important because it leads to more efficient commitment of
resources to be used in real-time.

The average price difference between day-ahead prices and real-time spot prices reveals whether
persistent and predictable differences exist that participants should arbitrage over the long term.
Figure 29 shows the annual average day-ahead and real-time prices for the past five years. It
also shows the average of the absolute value of the difference between the daily average day-
ahead and real-time price. This measure captures the volatility of the daily price differences,
which may be large even if the prices converge on average.
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Figure 29: Convergence Between Day-Ahead and Real-Time Energy Prices
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Price convergence was much better in 2024 compared to recent years. The average price for
energy in the day-ahead market was less than $1.50 per MWh higher than in the real-time market
and the average absolute difference in prices was only $17.35 per MWh, the lowest since 2020.

B. Day-Ahead Market Activity

Market participants can participate in the day-ahead market by submitting bids to buy electricity
or offers to sell electricity for real-time delivery. These bids and offers may take two forms:

o A three-part supply offer, which allows a seller to represent the financial and operational
details of a specific generation resource. This includes the startup cost, minimum
generation cost, and an incremental energy offer curve.

e An energy-only bid or offer, which is a location-specific transaction not tied to an actual
generation resource or load. These are referred to as virtual bids and offers, submitted
either as a hedge or for speculative purposes.

1. Day Ahead Market Volume

The day-ahead market clears offers and bids by matching supply and demand. In 2024, the
volume of day-ahead energy purchased through generator-specific offers and virtual energy
offers equaled 61% of real-time load, in line with recent years. Participants also use PTP
obligations scheduled in the day-ahead market to hedge congestion and other transactions outside
the ERCOT wholesale market to hedge exposure to real-time prices.
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Less than half of the resources are scheduled through the day-ahead market so the balance of the
supply needed to satisfy real-time load must be provided by resources scheduled after the day-
ahead market, as shown in Figure 30. Figure 31 shows awards for three-part offers (i.e., three-
part awards) for thermal and renewable resources, thermal capacity self-scheduled in Current
Operating Plans (COPs) prior to the day-ahead RUC process (DRUC), and the day-ahead
forecast for renewable generation.

Figure 30: Day-Ahead Schedule/Forecast of Physical Generation
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While the volume of generation cleared through three-part offers is limited, self-scheduled
thermal resources and expected renewable output regularly supplement these awards. As a
result, ERCOT does not typically need to rely on RUC to serve the majority of real-time load.

2. Three-Part-Offer Behavior

A persistent trend in the day-ahead market is the limited role of physical generation scheduled
through awards to three-part offers. These awards account for just 59% of energy sold in the
day-ahead market and serve only 36% of real-time load. This raises two key questions: (1) how
frequently are qualified scheduling entities (QSEs) submitting three-part offers in the day-ahead
market, and (2) to what extent are resources self-scheduling and accepting real-time price
exposure.

The first question can be answered by looking at the volume and clearance rates of three-part
offers submitted by QSEs. Figure 31 presents the average monthly capacity of three-part offers
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in 2024, broken out by fuel type. QSEs regularly submitted a substantial capacity of three-part
offers, and on average, 56% of that capacity cleared in the day-ahead market. Clearance rates
increased during the summer, when higher demand made thermal resources more economically
competitive. Combined cycle natural gas plants accounted for the majority of three-part offers,
indicating active participation from dispatchable resources.

The second question is reflected in the relatively low share of real-time load served by three-part
awards. With only 36% of real-time load covered by these awards, many resources are self-
scheduling and exposing themselves to real-time prices. For thermal resources, this exposure to
real-time prices means that their start-up and minimum generation costs might not be covered by
market revenues. Renewables resources, however, tend to avoid three-part offers because of
uncertainty in their output, which introduces the risk of imbalance payments if their real-time
generation is less than what they sold in the day-ahead market.

Figure 31: Day-Ahead Market Three-Part Offer Capacity
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3. Collateral Requirements

ERCOT requires market participants to post collateral to ensure that they have sufficient funds to
cover their positions in the ERCOT administered markets. These collateral requirements, also
referred to as Total Potential Exposure (TPE), are produced daily by ERCOT and vary based on
variation in wholesale prices. Market participants generally post significantly more collateral
than necessary to avoid suddenly being excluded from market participation, since spot prices
may vary drastically from day to day.
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The total collateral held by ERCOT, which amounted to $6.85 billion in 2024, decreased from
2023 to 2024 for the first time since 2020, marking an 11% decrease. Some of this decrease in
posted collateral can be attributed to a 6% drop in the average TPE across 2024. There was also
a substantial drop in the volatility of TPE, which was much higher in 2023, particularly in the
summer months where TPE was frequently several times higher than the annual average. Thus,
market participants had an incentive to post more collateral to cover TPE spikes resulting from
acute increases in daily spot prices. Figure 32 illustrates the trends of both TPE and the actual
collateral held by ERCOT across 2020-2024.

The ratio of collateral held by (or posted to) ERCOT to TPE has also dropped considerably over
the last five years. In 2020, the collateral held by ERCOT was on 785% of TPE; at the end of
2024, this ratio had dropped to 400%. This decline can be attributed in part to NPRR 1112*! and
rising interest rates. NPRR 1112, which was approved in October 2023, disallows unsecured
credit limits and guarantee amounts to be counted against TPE and requires market participants
to fully collateralize their obligations with secured instruments such as letters of credit, cash
deposits, or surety bonds. The increase in interest rates and the corresponding cost of capital
from 2020 to 2024 may have also contributed to the decrease in collateral postings relative to
TPE over that time. That said, this trend began before the implementation of NPRR 1112 or the
increase in interest rates, and, therefore, these changes cannot entirely explain the decrease in
collateral relative to TPE.

Figure 32: Average Daily Collateral Held by ERCOT
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31 https://www.ercot.com/mktrules/issues/NPRR 1112
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C. Point-to-Point Obligations

We cover PTPs in greater detail in Chapter IV, but we discuss them here briefly as they represent
a significant share of day-ahead market activity and directly reflect participants’ expectations of
congestion. PTP obligations are a key part of day-ahead market activity, allowing participants to
hedge or speculate on congestion between two locations across the day-ahead and real-time
markets. A PTP represents a scheduled flow from a source node to a sink node, with the
purchase cost equal to the day-ahead price difference between those nodes times the flow
volume. Its value is realized in real time, when the position is liquidated, based on the real-time
price difference between the same nodes. The net value of the PTP reflects the change in
congestion between the day-ahead and real-time markets. When the payment made to purchase
the PTP is lower than the revenue earned in real time, the PTP is profitable for the participant.
Figure 33 compares the total day-ahead payments made to acquire these products with the total
amount of revenue received by PTP holders in the real-time market over the last three years.

Figure 33: Point-to-Point Obligation Charges and Revenues, 2020-2024

800
$ S Millions B DA PTP Charge

$700 - 2020 2021 2022 2023 2024 BRT PTP Revenue
Day-Ahead Charge $1.039 $1.113  $1.798 $1.613  $1.674
Real-Time Revenue $1.126 $1.563 $2.162 $1.866  $1.805

&

[N

()

o
|

$500 -

$400 -

$300 -

$200 -

$100 -

Point-to-Point Obligation Revenue ($ Millions)

&
o
|

JFMAMJ JASOND|J FMAMJ JASOND|J FMAMJ JASOND
2022 2023 2024

Figure 33 shows that PTPs remained profitable in 2024, paying 7.8% more in real-time than their
day-ahead purchase cost. However, the profit margin was about half of what it was in 2023, and
the total real-time value of PTPs fell for the second straight year. A key reason for declining
profitability is the sharp increase in competition to procure PTPs, as observed via PTP bid
volumes that are shown in Figure 34.
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The volume®? of PTP bids has grown by nearly 200% over the past decade, which has
implications for both the profitability of PTPs and the performance of the day-ahead market.
Higher bid volumes lead to clearing prices that more closely reflect real-time congestion, which
reduces the net value of awarded PTPs and limits opportunities for profit. At the same time, the
growing number of PTP bids has increased the complexity of solving the day-ahead market
optimization, making it more difficult for ERCOT to produce and publish market results within
the timeline required by protocol. Many of these PTP bids are unlikely to clear, as their prices
do not reflect a realistic expectation of real-time congestion based on recent conditions.
However, all PTP bids must be considered when clearing the day-ahead market.

Figure 34: Volume of Day-Ahead Market PTP Bids and Frequency of Late Publication
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ERCOT has implemented several improvements to the day-ahead market optimization process in
recent years, leading to shorter solve times and a decline in the frequency of late publications.
However, continued growth in the volume of PTP bids keeps performance concerns relevant. To
address this, we continue to recommend that ERCOT impose a minimum fee on PTP bids. This
would discourage participants from submitting bids with a low likelihood of clearing, reduce the
overall volume of PTP bids, and help maintain timely and efficient day-ahead market operations.

32 This volume refers to the total number of hourly PTP bid-intervals, including obligations with links to CRR
options
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D. Ancillary Services Market

Ancillary services sold in the day-ahead market create a physical obligation to provide reserves
in real time. Failure to meet this obligation results in penalties that go beyond simply buying

back the position. This structure will change once Real-Time Co-optimization (RTC) is
implemented, at which point ancillary service awards from the day-ahead market will be
financial positions rather than physical obligations. Until then, the ability of the day-ahead
market to procure adequate reserves and clear them at competitive prices remains essential. This
section summarizes the types of ancillary services purchased in the day-ahead market, the
required procurement volumes for each product, and the clearing prices produced by the market.

Ancillary services in the ERCOT market since June 2023 include the following:

Regulation Up/Down Service (Reg-Up, Reg-Down). Regulation reserves include
capacity that responds to Load Frequency Control (LFC), which sends out instructions
every four seconds to either increase or decrease generation or demand as necessary to
keep generation and load in balance from moment to moment and maintain system
frequency.

Responsive Reserve Service (RRS). (10-min reserves). Responsive reserves are needed
to restore system frequency in the event of rapidly developing contingencies such as
unplanned generator outages, rather than for meeting normal load fluctuations. ERCOT
procures three different types of responsive reserves: (1) Primary Frequency Response,
which all generators have to be able to provide and responds automatically to deviations
in system frequency, (2) Under Frequency Relay, which is deployed by tripping NCLRs
given a sufficient drop in frequency, and (3) Fast Frequency Response, which is provided
by energy storage resources (ESRs) that can respond to deviations in frequency within 30
cycles or by NCLRs.

ERCOT Contingency Reserve Service (ECRS). (10-min reserves) The latest addition
to ERCOT’s suite of ancillary services, the purpose of ECRS is to restore frequency
within 10 minutes of a significant frequency deviation and for recovery of deployed
regulation service, to compensate for intra-hour net load forecast uncertainty and
variability on days in which large amounts of online thermal ramping capability is not
available, or to compensate for times during which there is a limited amount of capacity
available to SCED. ECRS can be provided by online and offline units.

Non-Spin Reserve Service (NSRS). (30-min reserves) Similar to ECRS, NSRS are
needed to compensate for intra-hour net load forecast uncertainty that results in under
commitments of capacity or inefficient dispatch instructions and can be provided from
online and offline units.

44 | 2024 State of the Market Report




Day-Ahead Market Performance

1. Ancillary Services Requirements

The volume of each ancillary service that ERCOT procures is determined on a month-hour basis
according to the corresponding AS Methodology.*® The resulting schedule, called the AS Plan,
is shown for 2024 on a monthly basis and for 2020-2024 on an annual basis in Figure 35. This
chart shows that the average annual volume of AS procured has increased substantially over the
last five years, though it decreased by approximately 2.3% from 2023 to 2024, mainly due to the
following changes to the AS Methodology:

e The floor on RRS volumes for peak hours was reduced from 2,800 MW in 2023 to 2,300
MW in 2024.

e For January through May of 2023, the NSRS methodology used the ten hour-ahead

forecast error, but the six hour-ahead forecast error was used for the remainder of 2023
and all of 2024.

The month with the largest average volume in the AS Plan in 2024 was May, which is driven by
volatility in the net load forecast.

Figure 35: Average Ancillary Service Capacity by Month

10,000
EResponsive  ENon-Spin  BEReg-Up HEReg-Down HECRS

< 8,000 3}
7,000 - II- I -.I
=== —
— —

> ] 0
]
5000 - ]

Ancillary Service Requirement (MW
i
(e
[
(e}

JIFIM|AM|J|J|A|S| O|N|D 20121122123 |24
2024 Annual

Despite the reduction in the AS Plan from 2023 to 2024, ERCOT still procures a greater volume
of operating reserves compared to other Independent System Operators (ISOs) and Regional
Transmission Organizations (RTOs), as shown in Figure 9 in Chapter I. Under the current

3 hitps://www.ercot.com/files/docs/2022/06/07/ER COT-Methodologies-for-Determining-Minimum-AS-

Requirements-040125.zip
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market design, the DAM will clear the entire AS plan, often resulting in high clearing prices
above the marginal reliability value associated with each product. This excess cost is paid by
consumers; specifically, ERCOT allocates the cost of procurement to Load Serving Entities
(LSEs) on the basis of their real-time adjusted metered load. Market participants representing
qualified resources may self-schedule ancillary services using those resources to reduce their
exposure to the cost of ancillary services procured in the day-ahead market.

2. Ancillary Services Prices

Figure 36 presents the monthly average clearing prices of capacity for the five ancillary services
in 2024, and the inset table shows the average annual prices over the last five years. This
highlights a notable spike in ancillary service prices in May 2024, which was driven primarily by
extreme market conditions on May 8th and May 26th. On both days, unusually hot weather
created heightened uncertainty around wind and solar output, which in turn led to sharp increases
in day-ahead prices. While January also saw elevated prices, the overall trend for 2024 shows a
substantial decline in average ancillary service prices compared to 2023, most notably for ECRS,
which dropped from $76.77 per MWh to $9.62 per MWh. The total cost of ancillary services per
MWh of load dropped by approximately 74%, as shown in Figure 1 in Chapter L.

Figure 36: Ancillary Service Prices, 2020-2024
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Like with the decrease in energy prices, the decrease in ancillary service prices can largely be
explained by two factors. There were fewer days of extreme temperatures in summer 2024
compared to 2023, and there was considerably more solar and energy storage capacity online.
Both factors contributed to an increased supply of reserves that resulted in lower ancillary
service prices on average.
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Iv. TRANSMISSION CONGESTION AND CONGESTION REVENUE RIGHTS

An essential function of any electricity market is to efficiently manage power flows on the
transmission networks. Congestion management occurs as the markets coordinate the dispatch
of generation to ensure that the resulting power flows do not exceed the operating limits of the
transmission facilities. This coordination occurs through the real-time market dispatch model,
i.e., SCED, which schedules generation to meet demand based on each generator’s energy offer
curve and their corresponding impact on transmission constraints. The result of this market
dispatch is a set of locational prices that vary across the network and resulting congestion costs
that are collected from participants.

Persistent transmission congestion plays a central role in shaping electricity prices across the
grid. In 2024, real-time operations experienced at least one binding constraint 86% of the time,
meaning power flows on those constraints met or exceeded their rated operating limits. This
widespread congestion leads to two fundamental pricing outcomes, the most prominent being
locational marginal prices (LMPs) which represent the variation in electricity prices across
different geographic locations. LMPs reflect the cost to serve load at each node while respecting
the physical limits of the transmission network. These price differences are not arbitrary; they
are designed to guide economic decisions. Higher LMPs in constrained areas signal generators
to site where they can relieve congestion and earn higher revenues, while discouraging load from
locating in areas that exacerbate transmission constraints.

Another outcome of congestion is a spread between the prices paid by load and received by
generation. The logic of locational marginal pricing tends to result in higher prices for load
nodes than for generation nodes. The difference between the total bills paid by load and the total
revenue earned by generators is called congestion rent. A fundamental aspect of electricity
market design is the allocation of this congestion rent. This refers to determining who receives
the excess revenue collected from load after generators have been paid, while ensuring the
system operator remains revenue neutral. In ERCOT, the allocation of congestion rent collected
from the day-ahead market (DAM) is made according to congestion revenue rights (CRRs).

CRRs are economic property rights funded by congestion rent collected in the day-ahead market.
The owner of a CRR is entitled to a share of this congestion rent based on the price difference
between two locations: the source, where power is injected into the system, and the sink, where
power is withdrawn. CRRs are purchased through an auction and are defined by paths, each
consisting of a specific source and sink. They are denominated in megawatts, and the volume of
CRRs available on each path is limited by the physical transmission capacity between the two
locations. CRRs can be purchased in monthly blocks up to three years in advance.

This chapter summarizes congestion costs and revenues in 2024. We first discuss the value of
congestion in the day-ahead and real-time markets, which totaled approximately $1.9 billion
each. We then discuss the dynamics of the CRR markets in 2024, followed by a summary of
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real-time congestion shortfalls. Finally, we discuss how ERCOT’s load zones could be updated
to better reflect congestion patterns that have changes significantly since they were introduced.

A. Day-Ahead Congestion

The day-ahead market produces financially binding schedules for supply, demand, and point-to-
point (PTP) transactions that account for transmission system limits. When these limits are
binding, congestion leads to a more expensive dispatch solution and causes energy prices to vary
across locations in the network. Congestion in the day-ahead market is influenced by factors
such as planned transmission outages and forecasts for load and intermittent renewable
generation. These factors shape how market participants hedge their positions before real time.

Figure 37 illustrates how congestion is valued in the day-ahead market and highlights the role of
Generic Transmission Constraints (GTCs**) in managing system stability. Day-ahead
congestion values are calculated as the product of power flows over each constraint and the
constraint's shadow price, which reflects the marginal economic cost of that constraint.

Figure 37: Value of Day-Ahead Congestion by Zone

$300 —rr $3,000
B South

$250 E=aNorth - $2,500
E@Houston
EmCross-Zone

$200 -©-DAM GTC Value $2.000

$150 $1,500

$100 $1,000

$50 $500

o | e et Illl

JIFIM(IAIM|J|J|A|S|O[N|D 20(21(22123|24
2024 Annual

Monthly Congestion Value ($ Millions)
Annual Congestion Value ($ Millions)

Figure 37 presents congestion values both within zones and across zones, and includes
congestion linked to GTCs. These constraints are used to manage grid stability across

S A GTC is a transmission constraint made up of one or more grouped Transmission Elements that is used to

constrain flow between geographic arcas of ERCOT for the purpose of managing stability, voltage, and other
constraints that cannot otherwise be modeled directly in ERCOT’s power flow and contingency analyses and
are based on offline studies (i.e., Real-Time Contingency Analysis (RTCA) will not indicate concerns).
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geographic regions, rather than enforce thermal transmission limits. GTCs are especially
relevant in areas with significant renewable generation, which are often far from load centers and
can contribute to system stability concerns.

The data in Figure 37 also shows that day-ahead congestion declined throughout 2024,
continuing a downward trend that began after a peak in 2022. This suggests improving
transmission conditions or more effective congestion management in the market. The figure also
indicates that roughly 12% of the total congestion value in the day-ahead market during 2024
was attributable to GTCs.

B. Real-Time Congestion

While the expected costs of congestion are reflected in the day-ahead market, physical
congestion occurs only in the real-time market, and ERCOT operators manage power flows
across the network as physical constraints become binding in real time. Unexpected changes in
system conditions between the day-ahead and real-time markets often lead to differences in
congestion values. These changes can include net load forecast errors, forced outages, and other
deviations from expected conditions. Figure 38 summarizes the monthly real-time congestion
for 2024 as well as annual values from 2020 through 2024.

Figure 38: Value of Real-Time Congestion by Zone
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Real-time congestion in 2024 followed similar trends to the day-ahead market. Overall
congestion was approximately 3% higher in the real-time market than in the day-ahead market,
corresponding with higher real-time congestion across zones and within the Houston and North
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zones. There was also approximately 22% more congestion associated with GTCs in the real-
time market, likely a result of forecast error for generation from renewables. Several new
transmission components were energized in the South Zone in 2024 that contributed to the
decrease in intra-zonal congestion compared to 2023.

1. Types and Frequency of Constraints in 2024

There are thousands of transmission constraints associated with physical elements in the ERCOT
transmission network. To make the dispatch problem solved by SCED more computationally
tractable, ERCOT only activates a subset of these constraints at any given time. In addition to
GTCs, the limits of which are set prior to the operating day, ERCOT also activates constraints
based on the Real-Time Contingency Analysis (RTCA) process that runs on an ongoing basis.
The RTCA evaluates network flows under many contingency scenarios and is used to determine
when a constraint is at risk of being violated and needs to be activated in SCED. Constraints are
considered binding when dispatch costs are incurred to maintain transmission flows below the
constraint limit, and not binding when they do not require a redispatch of generation and have no
effect on prices. Figure 39 summarizes the frequency of active and binding constraints during
2024. The bars show the percentage of time (y-axis) at different load levels and annually (x-
axis) with a binding or active constraint. The green line denotes the average number of
constraints at different load levels.

Figure 39: Frequency of Binding and Active Constraints by System Load Level
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Figure 39 shows the following:

e The ERCOT system had at least one binding constraint 86% of the time in 2024, an
increase from 78% in 2023 and 75% in 2022.

o Consistent with previous years, the average number of active constraints was lowest
when load was in the range of approximately 50 GW.

e Similar to 2023, the percentage of the time in which a GTC was binding decreased as the
load level increased.

e Unlike in 2022 and 2023, there was not a noteworthy increase in the number of
constraints flagged by RTCA when load was above 80 GW.

2. Violated Constraints

The shadow price of a constraint represents the marginal cost of redirecting the flow of energy
around a binding constraint. A constraint is considered violated when the market dispatch flows
exceed the transmission limit for the constraint. Such violations impose reliability costs or risks
on the system that are embedded in the shadow price caps used by ERCOT to dispatch the
system and set prices.>> When the marginal costs of procuring relief through the market dispatch
exceeds the reliability costs of violating the constraint, the shadow price caps will: a) prevent the
market from incurring additional dispatch costs; and b) set the shadow price for the constraint,
which determines the congestion prices at locations that affect the violated constraint.

The shadow price caps during 2024 were:
e $5,251 per MW for base-case (non-contingency) constraints or voltage violations,®
e $4,500 per MW for 345 kV constraints,
e $3,500 per MW for 138 kV constraints, and
e $2.800 per MW for 69 kV thermal violations.

e GTCs are considered base-case stability constraints (for voltage or transient conditions)
with a shadow price cap of $5,251 per MW.

Note that ERCOT implemented a process through NPRR 1230 to increase the shadow price cap
on base-case constraints in response to IMM recommendation 2023-1. Increasing the shadow
price cap allows SCED to produce more expensive dispatch solutions to avoid violating these

35 See Methodology for Setting Maximum Shadow Prices for Network and Power Balance Constraints.

36 OBDRR 037, Power Balance Penalty and Shadow Price Cap Updates to Align with PUCT Approved High
System-Wide Offer Cap, reduced the shadow price cap for base-case constraints from $9,251 per MW to
$5,251 per MW effective April 1, 2022.
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constraints. Figure 40 shows the distribution of violated constraints at the various violated
constraint overload percentages since 2020.

Figure 40: Overload Distribution of Violated Constraints
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Figure 40 shows that the overall rate of violated transmission constraints was down considerably
in 2024 from prior years with only 290 constraint-hours of violations compared to an average of
979 constraint-hours of violations for 2020-2023. In 2024, ERCOT recorded one of the lowest
numbers of constraint-hours of violations since the nodal market began in 2011. The only year
with fewer was 2016, which had 271 constraint-hours of violations. The sharp decline may be
partly explained by the growing participation of energy storage resources (ESRs) in the real-time
energy market. As the ancillary services market has become saturated, a larger share of ESR
revenue depends on energy arbitrage, accelerating this shift toward real-time market activity.

ESRs are particularly well-suited to help resolve congestion, because they can act as both supply
and demand. When congestion can be resolved by increasing load at a particular location, ESRs
can often charge at prices below $0. Conversely, when congestion can be resolved by increasing
supply at a particular location, ESRs can discharge and earn higher prices to reflect the value of
serving load subject to binding transmission constraints. To illustrate this trend, we show the
annual total of base points awarded to ESRs helping congestion as generators or as loads in
Figure 41. For ESRs that act as generators, we aggregate the sum of base points awarded with an
LMP greater than the system lambda, indicating that injections of energy at that location tend to
help manage congestion. For ESRs acting as loads, we aggregate the sum of base points
awarded with an LMP less than zero, meaning the benefit of ESR load in resolving congestion is
valuable enough to the system that they are paid to charge. Figure 41 shows an accelerating
increase in both trends over the last five years.
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Figure 41: Annual Sum of Base Points Awarded to ESRs Helping Congestion
1,200
1,100 -
1,000 -
900 -
800 -
700 -
600 -
500 A
400 A
300 A
200 A
100 -

0 @ g i A R |
2020 2021 2022 2023 2024

<« ESR as Generator (LMP > %)

=m@=ESR as Load (LMP < $0)

Annual Sum of Base Points (GWh)

As in previous years, a large majority of constraint violations in 2024 were less than or equal to
5% above the limit of the constraint. These relatively small violations are priced at the same
shadow price cap as the more severe violations. This raises some concerns because the use of a
single shadow price cap causes the pricing of the violations to not vary with the severity of the
violation. Hence, it may be advisable to reconsider implementing transmission demand curves,
which would recognize that the reliability risk of a post-contingency overload increases as the
violation amount increases. Small violations should have lower shadow prices than large
violations. The IMM filed a revision request to implement transmission constraint demand
curves, which was ultimately withdrawn in 2022 for lack of support.

C. CRR Market Outcomes and Revenue Sufficiency

As discussed in the introduction to this chapter, CRRs are economic property rights entitling the
holder to the day-ahead congestion payments or charges between two locations. In this section,
we discuss the timeline and inputs to the CRR auctions, the allocation of the revenues from the
CRR auctions to load, profitability trends for CRRs, and the funding of CRRs through day-ahead
market congestion rent.

1. CRR Auction Timeline

A CRR is a financial product that reflects the value of transmitting energy from one location to
another. In the CRR auction, each path is modeled as an injection of energy at the source and a
withdrawal at the sink. CRRs can be purchased either as obligations or as options. The owner of
a CRR obligation is entitled to the difference in price between sink and the source produced in
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the day-ahead market, but they are also obligated to pay the difference of these prices if the price
at the source is greater than the price at the sink. The owner of CRR options, on the other hand,
is entitled to the positive price differences between the sink and the source but is not obligated to
pay for a negative price difference. A subset of CRRs called Pre-Assigned Congestion Revenue
Rights (PCRRs) are allocated to Non-Opt-In Entities (NOIEs) based on generation units owned
or contracted prior to the start of retail competition. Parties receiving PCRRs pay only a fraction
of the auction value of a CRR between the same locations.

Each CRR remains valid for the full duration of the month or block of months for which it is
purchased. CRRs are sold through two recurring types of auctions: monthly auctions and long-
term auctions, the latter held twice each year. In the long-term auction, CRRs can be bought
either for individual months covered in that auction or as a block of consecutive months within
that auction. The long-term auctions are run as far as three years (36 months) in advance, and
then subsequent long-term auctions are run every six months. The last long-term auction runs
six months in advance of real-time. The monthly auctions are run the month before the CRRs
are realized, i.e., the monthly auction for March runs in February.

Running CRR auctions years in advance of the real-time market allows for more hedging
opportunities for market participants and informs forward price formation. That said, there is
also more uncertainty in forecasting future congestion, which is a function of load, generation
and transmission outages, and generation from renewable resources. This uncertainty creates the
potential that payments to CRR account holders (CRRAHs) could exceed congestion rent
collected in DAM and, therefore, increases the risk of a shortfall in payments to CRRAHs. To
avoid such shortfalls, ERCOT only sells a percentage of the rated capacity for each CRR path in
the long-term auctions and increases that percentage in each subsequent long-term auction
through the final monthly auction as shown in Figure 42.

Figure 42: Schedule for CRR Capacity Sold in Long-Term Auctions
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2. CRR Auction Revenues

The total amount of CRR auction revenue increased by almost 19% from 2023 to 2024,
continuing a consistent trend of increasing annual CRR auction revenue despite decreasing
congestion since 2022, as shown in Figure 43.

Figure 43: 2024 CRR Auction Revenue, 2020 - 2024
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The revenues ERCOT receives by selling CRRs are distributed to Load Serving Entities (LSEs)
according to the CRR Auction Revenue Distribution (CARD) process. Revenues from cross-
zone CRRs are allocated to LSEs ERCOT-wide based on their system-wide load ratio share
during the coincident peak interval for each month. Revenues from CRRs that have the source
and sink in the same zone are allocated to loads within that zone based on their zonal load ratio
share during the same coincident peak interval.

As the revenues from CRR purchases and corresponding distributions of CARD payments have
increased, this methodology has garnered increased scrutiny, as it potentially creates adverse
economic incentives for loads to increase their consumption during periods of high demand,
when high energy prices should incentivize loads to decrease their consumption. To date, the
only clear examples of such behavior have come from DC tie operators. To remove these
adverse incentives for DC tie operators, ERCOT implemented NPRR 1030 to allocate CARD
payments for DC ties based on their monthly load ratio shares. This methodology severely
reduces the incentive for DC ties to increase their consumption for the sake of increasing their
allocation of CARD revenue.
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3. CRR Profitability

Figure 44 shows annual aggregate CRR auction revenue and payments to CRR owners, the
difference of which represents CRR profitability. Overall, CRRs have been profitable on an
annual basis since 2016. In 2024, however, CRRs paid out a loss of approximately 1.5%. This
decrease in profitability was a continuation of a trend started in 2023 where the margins on CRR
profits decreased to 25% from 88% in 2022. This reduction in what had been exceptionally high
profit margins suggests that CRR pricing has become more efficient in recent years. That is, the
bids in CRR auctions are increasingly reflecting the ultimate value of CRRs.

Figure 44: CRR Auction Revenue, Payments, and Congestion Rent
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4. CRR Funding Levels

The target value of a CRR is the product of its quantity and the price difference between sink and
source, which reflects the entitlement to the holder. It is important for the integrity of the CRR
market that the CRRs are fully funded by the congestion rent. ERCOT will only pay less than
the target value when the day-ahead congestion rent is insufficient, which can occur when the
network flows modeled in the CRR auction are greater than the flows in the day-ahead market.
This is generally the result of unforeseen outages or other factors that reduce the transmission
capability between the CRR auction and the DAM.

Settlement of CRR Shortfalls. When a shortfall occurs on a specific transmission facility due to
oversold flows, payments to CRRs that sink at generator locations affecting that facility will be
reduced. These reductions are based on the decrease in day-ahead transfer capability. If revenue
is still insufficient after this adjustment, the remaining shortfall is shared across all holders of
positively valued CRRs through a prorated charge, reducing their overall payments.
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Settlement of CRR Surpluses. When day-ahead congestion rent exceeds the amount owed to
CRR holders, the excess is tracked in a monthly settlement process called the balancing account.
ERCOT uses this excess congestion rent to repay CRR holders who were previously assessed
shortfall charges, effectively refunding those amounts. If there is not enough excess congestion
rent in the current month, the rolling CRR balancing fund from prior months can be used to fully
pay CRR holders. The CRR balancing fund has a $10 million cap, beyond which ERCOT
disperses the remaining amount to LSEs. CRRs were fully funded in every month of 2024, and
no short payments occurred. Figure 45 shows monthly CRR surpluses and shortfalls since 2020.

Figure 45: CRR Solvency and Surplus Payments to Load
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In 2024, the total day-ahead surplus was approximately $239 million, which was an 8.9%
decrease from 2023. Despite this decline, congestion rent from the day-ahead market was
sufficient to fully fund CRRs in every month of the year. As a result, the balancing account
remained capped at $10 million, and all surplus congestion rent above that threshold was
returned to LSEs. The last CRR short payment occurred in November 2020. ERCOT’s practice
of offering only 90% of the forecasted transmission capability in CRR auctions reduces the
likelihood of future funding shortfalls.

Importantly, even though the day-ahead market produced sufficient revenues to fully fund the
CRRs, many CRRs were derated in 2024 because of the mandatory deration process. In total,
CRR deratings resulted in a $23 million reduction in payments to CRR holders. These deratings
reduced ERCOT’s overall funding percentage to approximately 99%, comparable to the previous
year. Derating CRRs when the market is producing sufficient revenue introduces unnecessary
risk to those buying CRRs, which could ultimately result in lower CRR auction revenues.
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D. Real-Time Congestion Shortfalls

Just as reductions in network capability from the CRR auctions to the DAM can result in CRR
shortfalls, reductions in the network capability between the day-ahead market and the real-time
market can result in real-time congestion shortfalls. In addition to outages or limit changes,
binding real-time constraints that are not modeled in the day-ahead market can produce real-time
congestion shortfalls. Shortfalls are costs incurred by ERCOT to lower the real-time flows when
day-ahead scheduled flows exceed the flows the network can support in real time. These real-
time congestion shortfall costs are paid for by charges to LSEs as part of the uplift charge known
as the Revenue Neutrality Allocation (RENA).

RENA exists to ensure that ERCOT remains revenue-neutral, which means payments equal
charges. In general, RENA uplift occurs when there are differences in power flow modeling
between the day-ahead and real-time markets, including:

e Transmission network modeling inconsistencies between the day-ahead and real-time
market (model differences);

e Differences between the load distribution factor (LDF) used in the DAM and the actual
real-time load distribution (LDF contribution);

e Day-ahead PTP obligations linked to options®” settlements (CRR uplift);

e Extra congestion rent that accrued when real-time transmission constraints were violated
(overtlow credit); and

e Other factors, including the price floor in the real-time market at -$251 per MWh (Other).

Figure 46 provides an analysis of RENA uplift in 2024, separately showing the components of
RENA on a monthly basis. Net negative uplift represents a net payment to load. RENA uplift
grew to total $160 million in 2024, up from $109 million in 2023.

Figure 46 shows that the largest positive contributor to RENA uplift in 2024 was the LDF
Contribution totaling $75 million. Uplift associated with differences in the transmission models
between the day-ahead and real-time markets was also one of the largest factors, accounting for
$55 million in RENA uplift. It is a non-trivial task to maintain accurate and consistent LDFs
across all markets, particularly in areas with large amounts of localized load growth. To the
extent ERCOT is unable to predict accurate LDFs across all markets, RENA impacts will persist.
NPRR 1004, Load Distribution Factor Process Update, approved on August 11, 2020, is still
pending implementation, but should reduce this uplift.3® This change will introduce load

37 A PTP obligation linked to an option (PTPLO) is a type of CRR that entitles a NOIE's PTP Obligation in the
day-ahead market to reflect the NOIE's PTP Option that it acquired in the CRR auction or allocation.
Qualified PTPLOs are modeled as obligations but settled as if they were options.

8 NPRR 1004, Load Distribution Factor Process Update.
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forecast models to calculate daily LDF rather than the current seasonal LDF based on historical
patterns.

Figure 46: Factors Contributing to RENA, 2020-2024
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We encourage ERCOT to seek continuous improvement in aligning the transmission models
between the day-ahead and real-time markets. This is a challenge for all wholesale market
operators but must be a high priority because it facilitates efficient day-ahead market
performance and eliminates opportunities for participants to extract rents associated with
differences that ultimately raise the RENA uplift and the costs to ERCOT’s consumers.

E. Load Zone Configuration

LMPs are calculated at individual generation and load nodes. Loads are settled according to
their corresponding Load Zone price, which is calculated as the load-weighted average of the
load node LMPs within each zone. Settling loads according to zonal prices reduces uncertainty
and volatility caused by congestion, making it easier for loads to hedge their positions and
manage their cash flow. However, for zonal pricing to send efficient signals to load for
consumption and investment, it is crucial that the load zones accurately reflect the topology of
the network. That is why the IMM recommended in the 2020 SOM that ERCOT update the
configuration of load zones and introduce new load zones to recognize key transmission
constraints and minimize intra-zonal congestion.

The case for improving the current load zone configuration has grown stronger in recent years.
Renewable development, especially solar, has expanded rapidly, while new patterns of load
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