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Thank you for the opportunity to participate on Panel 2 (“Capacity Market Design
Reforms”) of the PJM Capacity Market Forum. My name is Michelle Bloodworth. |
am President and CEO of America’s Power, which advocates on behalf of coal
electricity and its supply chain. My purpose is to provide information to assist and
inform the Commission as it examines PJM’s capacity market.

I would like to start by quoting two expert witnesses from yesterday’s (June 1)
hearing before the Senate Energy and Natural Resources Committee:

“We must manage the pace of the transformation in an orderly way, which is currently
not happening. Conventional generation is retiring at an unprecedented rate ... NERC
is concerned that the pace of change is overtaking the reliability needs of the system.
Unless reliability and resilience are appropriately prioritized, current trends indicate the
potential for more frequent and more serious long duration reliability disruptions,
including the possibility of national consequence events.”

James Robb, President and CEO of NERC

“Currently, the nation is developing environmental and reliability policy in separate silos
with limited and not very transparent coordination between the environmental and
reliability regulators. Increased coordination and synchronization of the nation’s
environmental and reliability needs may require discrete changes to the statutes
governing each agency’s mission to embrace this effort.”

Manu Asthana, President and CEO of PJM

We have been concerned for some time that PJM’s capacity market, as designed, is
not able to ensure resource adequacy, grid reliability, or grid resilience. PJM’s
February 2023 paper “Energy Transition in PJM: Resource Retirements, Replacements
& Risks” explains the challenges facing PJM through 2030. However, we think the
challenges are even greater than those presented in the paper, and market reforms
must be developed and implemented on an expedited basis to avoid negative
outcomes. FERC is charged with ensuring reliability, yet EPA’s rules are undermining
reliability. FERC, NERC and grid operators must educate EPA to prevent EPA rules
from adding to the serious challenges facing the grid.
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COAL RETIREMENTS

Given its baseload nature, secure fuel supply, and other reliability-enhancing
characteristics, a disturbing amount of coal-fired generating capacity has retired
nationwide and in PJM. Moreover, roughly half the nation’s and PJM’s remaining coal
fleets have announced plans to retire by 2030.

Nationally, the coal fleet totals some 188,000 MW this year. By 2030, the fleet will
total 107,000 MW if only announced coal retirements are taken into account.
However, EPA projects that the coal fleet will total only 46,000 MW by 2030 because
of the Inflation Reduction Act and four EPA rules. The 46,000 MW projected by EPA
do not account for impacts from the agency’s recently proposed MATS rule or the
Regional Haze Rule that EPA has been slow to implement. In short, the nation’s coal
fleet will be dangerously smaller by 2030.

U. S. Coal Fleet (MW)
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PJM’s coal fleet totals 42,000 MW. Taking into account only announced coal
retirements, the PJM coal fleet will decline to 24,000 MW by 2030. However, this
2030 total does not reflect new EPA rules, especially the recently proposed Carbon
Rule (later in this submission). Therefore, PJM’s coal fleet will also be dangerously
smaller by 2030.
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Coal retirements are a major reason why PJM’s “resource mix balance sheet” is
becoming unbalanced. The balance sheet covers the period 2022-2030 and is an
excellent way to illustrate the math problem facing PJM. The balance sheet consists
of three elements:

o Increasing thermal retirements, which are reducing electricity supply as well as
causing the loss of other reliability attributes such as fuel security. PJM estimates
that 40,000 MW of generating capacity are at risk of retirement during 2022-2030;
24,000 MW of this capacity are coal retirements. Our own tracking of announced
coal retirements during the same period shows slightly more than 23,000 MW of
coal retirements in PJM. However, we do not project retirements for economic
or other reasons; we simply track announced retirements. We are confident that
EPA regulations will cause coal retirements to exceed the 24,000 MW that PJM
projects to be at risk of retirement and the 23,000 MW that have announced
retirements so far.

o Load growth, which is projected to increase electricity demand by 1.4% annually in
the PJM footprint. This trend alone translates into a 15% increase in PJM’s
generating capacity over a ten-year period. Taking into account 40,000 MW of
retirements (PJM’s conservative projection) means that PJM would need to add
100,000 MW of renewables, according to PJM’s CEO.

o The addition of new resources (almost exclusively renewables), which is not
adequate to make up for thermal retirements and load growth. Moreover,
renewables are not yet able to provide the reliability attributes (below) that coal
and other thermal resources provide. These are being lost when thermal assets
retire. Plus, it will take time before long-duration storage is technically feasible.

ATTRIBUTES

The Commission and grid operators must act with urgency to identify all attributes
that are necessary for a reliable electricity grid and to take steps to compensate the
providers of those attributes. For example, over the course of the past six years (in
2017, 2022, and 2023), PJM and MISO have identified at least 18 attributes (listed
below in no particular order) that are necessary in one way or another for reliability,
but no mechanisms have been finalized or implemented to value most of these
attributes.

o Fuel assurance « Ramp rate up

« Dispatchability o Ramp rate down

o Reactive capacity o Rapid start-up

o Primary frequency response e Minimum downtime

« Regulation « Available in all seasons
« Voltage stability o Energy adequacy

« Flexibility « Run time limitations
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o Inertia o System stability
o Black start « Extreme weather performance

No single resource provides all of these attributes which is why we need resource
diversity that includes coal because the coal fleet provides many of these attributes.

o Coal plants have a high accredited capacity value (90%) that helps prevent
electricity shortfalls. Accredited capacity is a measure of how dependable a
resource is when electricity demand peaks, such as during extreme weather.
Based on capacity values, coal is six times more dependable than wind (16.7%) and
twice as dependable as solar (50% which declines to 20% in the future). Battery
storage will eventually improve the capacity values of wind and solar, and
technology innovation is one of the reasons the grid transition needs to be
gradual.

o The coal fleet has maintained an average on-site coal stockpile equivalent to 76
days of coal burn during the past five years. Therefore, the coal fleet does not
have to rely on weather conditions (wind and sunlight) or just-in-time fuel delivery
(natural gas) to produce electricity. Coal was able to provide almost half (47%) of
the additional electricity during the height of Storm Elliott in the PJM region. The
coal fleet’s on-site fuel gave coal plants immediate access to fuel when needed.

« Coal provides essential reliability services (frequency support, voltage control,
and ramping/balancing) and fuel security (bullet above). MISO, for example, has
designated six reliability attributes, and coal is a strong provider of five of the six.

o Because of its relatively stable and low price, coal is also a reliable option when
other electricity resources are not available or are too expensive. For example,
according to EIA, average delivered monthly coal prices over the past 15 years
have ranged from $1.88 to $2.45/MMBtu; natural gas prices have ranged from
$2.04 to $15.73/MMBtu. During that period, coal prices averaged $2.16/MMBtu and
natural gas prices averaged $4.39/MMBtu.

By not valuing all reliability attributes, the grid is less reliable, resource adequacy risks
are greater, and the compensation received by generators that provide these
attributes cannot be considered just and reasonable.

WINTER STORM ELLIOTT

Winter Storm Elliott is the latest challenge that demonstrates the value of the coal
fleet, as well as the value of having a diverse resource mix. Attachedis areport, “Grid
Operations During Winter Storm Elliott,” that assesses the performance of various
electricity resources in different regions of the U.S., including PJM, during Elliott and
shows the value of the coal fleet during extreme weather when the performance of
other resources was limited. The chart below is taken from the report and shows the
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incremental contribution of PJM’s resources in meeting the increased demand for
electricity during Elliott. During the first two weeks of December, electricity demand
was almost 96,000 MW. Overall demand increased by slightly more than 30,000 MW
because of Elliott; coal provided 14,500 MW of the 30,000 MW.

PJM Electricity Supply Prior to and During Elliott
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Source: EIA Hourly Grid Monitor

In general, the electricity grid was more reliable and resilient during Elliott than
previous winter storms. One reason is because the coal fleet was able to serve as a
critical source of increased generation during Elliott. Large increases in electricity
generation from dispatchable fossil-fuel power plants (coal and oil) allowed ISOs to
meet the increased demand for electricity during Elliott. Higher wind speeds
associated with Elliott allowed for more output from wind facilities in the central part
of the country. Prior extreme cold weather events were accompanied by low wind
speeds which limited wind power. On the other hand, natural gas generation
underperformed in some regions, especially PJM and New England, due to lack of
fuel. Coal and oil generation with on-site fuels were able to offset the loss of natural
gas generation. In particular, the coal fleet was able to provide almost 50% (14,500
MW) of PJM’s incremental electricity demand during the height of the storm
compared to the 2% contribution (500 MW) from natural gas.

EPA RULES

We estimate that six EPA rules will cause coal retirements to rise sharply during 2026-
2030 and exacerbate the risk of grid reliability problems. For example, EPA estimates
that its Good Neighbor Rule will cause the retirement of 14,000 MW of coal by 2030.
The other five rules are the Coal Combustion Residuals (CCR) Rule, Effluent
Limitations Guidelines (ELG), Regional Haze Rule, a replacement for the Affordable
Clean Energy Rule (Carbon Rule), and revised Mercury and Air Toxics Standards
(MATS). The CCR and ELG rules include explicit incentives for coal plants to retire
before the end of the decade.

EPA could use a combination of the Good Neighbor Rule, Regional Haze Rule, and a
more stringent MATS to require the installation of the most expensive emission
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controls on most, if not all, coal capacity that does not already have these controls.
We estimate that 92,000 MW of coal-fired generation, even though already well-
controlled, lack the most expensive controls (e.g., selective catalytic reduction
and/or flue gas desulfurization (FGD) systems). For example, an FGD system for a
large coal unit can easily cost more than $300 million. It is almost certain that a
significant number of coal plants would retire prematurely rather than install these
expensive controls.

In addition, EPA recently proposed a replacement for the Affordable Clean Energy
Rule (ACE). (ACE replaced the Clean Power Plan which was rejected by the U.S.
Supreme Court.) The proposed Carbon Rule would have an unprecedented impact on
the coal fleet, which must comply with the proposal by January 1, 2030. This means
the owners of the coal fleet would have less than three years to comply because
states have two years (until mid-2026) to submit plans to EPA after the rule is
finalized, and the agency has one year (until mid-2027) to approve (or disapprove)
state plans. Compliance could entail co-firing with 40% natural gas or installation of
carbon capture and storage (CCS). Under the best of circumstances, CCS can take
nine years or more to install and cost $1 billion for an average coal plant.

Because of the proposed carbon rule, we estimate that more than 100,000 MW of
coal nationwide and 8,000 MW in PJM are at risk of even earlier retirement than is
reflected in retirement projections by EPA or PJM, or in retirement announcements.
The retirement of coal due to EPA rules would add to the 81,000 MW of retirements
nationwide and to the 18,000 MW of PJM coal retirements during 2023-2030 that have
already been announced.

RECOMMENDATIONS

PJM should work quickly to value attributes that are necessary for a reliable
electricity grid and to take steps to compensate the providers of those attributes.
Some of these attributes could be compensated in the Capacity Market. For example,
PJM’s Capacity Market is conducted three years prior to the Delivery Year. This
forward price signal allows impending reliability problems to be priced into the
market, sending a forward signal for new resources to be built with the capability to
provide these attributes in real time, or to stop the retirement of existing resources
with the capability of providing these attributes. Other attributes may be better
compensated in Energy or Ancillary Service markets, which do not send a forward
signal but typically do a better job of incentivizing performance.

Some attributes may require a combination of Capacity Market, Energy Market and
Ancillary Service compensation. For example, there are many aspects to Fuel
Assurance. We agree with PJM’s proposal to add a Fuel Assurance standard to their
Capacity Market because PJM has found that gas resources with non-firm supply have
a higher probability of outage when the PJM system is most at risk. However, there
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are Electric Market/Gas Market coordination issues that need to be addressed. For
example, gas generators that are not timely committed by PJM must weigh the cost
of taking a loss on expensive gas in the energy market against Capacity Performance
penalties. This may lead to these resources failing to procure the gas necessary to
run when PJM calls on them in an emergency. Additional forward Energy or forward
Reserve products may be required to provide these resources with the forward
commitment needed to ensure they can cover the cost of the fuel. Coal and other
resources with on-site fuel would have the opportunity to compete in these forward
Energy or forward Reserve markets and be compensated for the value that on-site
fuel provides.

While PJM needs to work quickly to value attributes that are necessary for a reliable
electricity grid and to take steps to compensate the providers of those attributes in
PJM’s Markets, there may need to be additional stop-gap measures taken outside the
market to ensure that resources necessary to maintain a reliable and resilient grid
and to provide an orderly transition to a clean energy future do not retire
prematurely.

The market rules pertaining to RMR Agreements should be expanded to allow them
to be used more flexibly to maintain reliability, including to retain resources that
provide essential reliability attributes and to avoid retirement of units predicted to
be needed in future years.

Last, it is critical that PJM, other grid operators, and NERC file comments on EPA
rules. Those comments would provide transparency to EPA’s rulemaking process.

Thank you again for the opportunity to submit this information. For questions or
additional information, please contact me at mbloodworth@americaspower.org or
Paul Bailey at pbailey@americaspower.org.
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Executive Summary

From December 21 to December 26, 2022, an extratropical cyclone created winter storm conditions throughout much of

the United States. Frigid temperatures resulted in record-setting electricity demand for many regions, and utilities
struggled to meet demand across much of the country. At some point during Winter Storm Elliott, as the event was named,
more than 1.5 million customers were without electricity. In addition, sixty deaths have been attributed to the storm’s
effectst.

Substantial increases in electricity generation from dispatchable fossil fuel power plants, including coal, natural gas, and
oil, allowed utilities and independent system operators (ISO) across the country to meet the record-level demand for
electricity during the peak of the storm. Although overall natural gas generation increased, natural gas plants also
represented the largest source of unexpected power plant outages due to a lack of fuel availability, despite increased
coordination efforts between the natural gas and electricity sectors, especially in the wake of the devasting and deadly
Winter Storm Uri of February 2021. On the other hand, all power market regions with excess coal-fired electric generating
capacity saw a significant increase in electric output from these resources, largely thanks to their significant amount of
on-site fuel storage, which allows them to operate reliably without disruption due to a lack of just-in-time fuel availability.

This report analyzes and highlights how power generation across the country responded to the exceptional winter weather
event in December 2022. Some of the national and regional highlights of the report include:

e Winter Storm Elliott resulted in the 24™ highest single-day electricity demand on record for the U.S. Lower-48 on
December 24 and the highest single-day electricity demand on record for any day during the winter season.

e In ERCOT, Elliott set the overall single-day electricity demand record, while electricity demand in PJM, MISO, and
SPP all ranked in the top 20 of all time and had the highest winter demand on record.

e Natural gas production in the Appalachian basin dropped by over 25% during the storm due to well freeze-offs
and other equipment failures. As a result, natural gas generation was limited in PJM and the Northeast due to the
loss of available fuel supply, despite many plants having signed firm or uninterruptable natural gas supply
contracts. Conversely, fossil fuel generation with an on-site fuel inventory of coal or oil was able to increase
electric generation output to offset the loss of natural gas generation and meet the increased demand for
electricity.

e Utilities in the Southeast, including TVA, Duke, and LG&E/KU, were required to implement rolling power outages
to their customers at various points throughout the storm, as the sudden drop in temperatures and the resulting
increase in natural gas heating demand caused numerous natural gas power plants to shut down as natural gas
pipeline pressure was insufficient to operate these plants safely. Without the notable increase in coal-fired power
generation, the power outages in these regions likely would have been longer-lasting and more widespread.

e Higher wind speeds associated with Winter Storm Elliott allowed for higher electric generation output from wind
power plants in MISO, SPP, and ERCOT compared to previous extreme weather events. However, wind generation
output can vary widely, as previous winter storm events have shown, and is not a reliable form of electricity
generation during these weather events. Therefore, massive amounts of electricity from dispatchable power
plants are needed to balance out the extreme variability of wind generation regions like SPP and ERCOT have
experienced during the storm.

e Some regions that struggled to meet the electricity demands of Winter Storm Uri in February 2021 (MISO, SPP,
and ERCOT) were able to meet the increased demand for electricity during Winter Storm Elliott successfully due
to increased availability of natural gas, higher wind speeds, better winterization of equipment, and continued
reliable performance of in-region coal plants.

L https://abcnews.go.com/US/20-dead-cold-weather-christmas-weekend/story?id=95809460
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However, significant natural gas plant outages due to natural gas supply issues strained the resource reserves of
regions like PJM, MISO, and the Southeast and limited their ability to generate surplus electricity to support their
neighboring regions.

Recent and future changes in electricity supply across the country have resulted and will exacerbate the challenges ISOs
and utilities experienced during Winter Storm Elliott and other recent extreme weather events. These challenges and risks
include but are not limited to the following:

While electricity demand usually peaks in the summer, the risk of electricity supply failures is most significant
during winter peak events, like Winter Storms Elliott and Uri. The reason is that natural gas has grown to be the
largest source of U.S. power supply (40% in 2022), and the demand for natural gas for home heating surges during
cold weather at the same time as electricity demand. Even with “firm” pipeline transportation contracts (the “gold
standard”), many power plants have been unable to receive enough natural gas at sufficient pipeline pressure to
operate during extreme winter cold weather. Natural gas power plants do not maintain on-site gas storage
(although some plants have fuel oil backup) and are not available to meet increased power demand if gas
deliveries cannot increase to match increased demand.

The only form of power generation that can increase output significantly (known as “dispatch”) to meet high
electricity demand is powered by fossil fuels (coal, natural gas, and oil). The growing supply of wind and solar
power can only operate when the wind blows or the sun shines. These power sources almost always operate at
maximum capacity when available because of their low operating costs and, as a result, cannot increase output
further when demand increases. Similarly, because of low costs, nuclear power plants are operated at maximum
capacity when available. Hydropower can be managed to increase output to meet demand where there is a
sufficient reservoir or pumped storage capacity, but this is a very limited supply.

Over the last decade, the U.S. power industry has steadily replaced dispatchable fossil fuel generation capacity
with on-site fuel storage (i.e., coal and oil) with non-dispatchable intermittent solar and wind resources. Driven
by federal and state mandates and subsidies, this replacement will accelerate over the next decade, increasing
the likelihood of system failures during extreme winter weather events. Proposed battery energy storage systems
are not equipped to provide electricity for periods of time lasting longer than 4 to 8 hours, which is inadequate
during extended high electricity demand events.

The coal power fleet was a principal source of increased power generation to meet demand during Winter Storm
Elliott. However, another 82 GW of coal-fired generation capacity is announced to retire before the end of the
decade. In three power regions (PJM, MISO, and Southeast) analyzed in this report, the amount of announced
coal retirements exceeds the increase in coal-fired electricity generation during Winter Storm Elliott. Without
adequate and comparable replacement capacity, electric power system failures in these regions are more likely
during similar extreme weather events.
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Introduction

From December 21 to 26, 2022, an extratropical cyclone (named Winter Storm Elliott) created extreme weather
conditions, including record-cold temperatures, blizzards, high winds, and significant snowfall, across most of the United
States and parts of Canada. During one point of Winter Storm Elliott, almost three-quarters of the U.S. population was
under some form of winter weather warning or advisory from the National Weather Service?. Winter Storm Elliott brought
record-cold temperatures for this time of year to many parts of the country, from the Pacific Northwest down to Miami,
Florida, as shown in EXHIBIT 1.

EXHIBIT 1: DECEMBER 23, 2022 & DECEMBER 24, 2022 MINIMUM TEMPERATURES (FAHRENHEIT)

0 10 20 30 40 h0 60 10 g0 90 100

As a result of the record-cold temperatures, demand for electricity skyrocketed to meet the increased heating demand
across the country, setting electricity demand records for the winter season in many parts of the country. This report
shows the impacts of Winter Storm Elliott on U.S. electric power demand, how the U.S. electric generation fleet responded
and performed during this record-setting cold weather event, and how upcoming changes to the U.S. electric generation
fleet may increase the risk of power outages during similar events in the future.

National Results

As Winter Storm Elliott moved across the country, entering the U.S. in the Pacific Northwest on December 20, 2022, and
exiting the country to the East on December 25, 2022, frigid temperatures caused electricity demand to skyrocket. As
shown in EXHIBIT 2, the average hourly electricity demand for the U.S. Lower-48 on December 24 reached its peak of 585
GW, following 582 GW the day before?. This was the highest demand for electricity since August 8, 2022, when demand
reached 590 GW.

2 https://www.forbes.com/sites/ericmack/2022/12/24/why-winter-storm-elliott-is-more-new-normal-than-once-in-a-generation/

3 Unless otherwise noted, all data presented in the charts and tables shown in this report was sourced from EIA’s Hourly Electric Grid
Monitor, accessible at: https://www.eia.gov/electricity/gridmonitor/dashboard/electric_overview/US48/US48. Additionally, EVA
attempted to correct all obvious data errors included in the raw EIA data. Data files associated with the report can be provided upon
request.
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EXHIBIT 2: U.S. LOWER-48 AVERAGE HOURLY ELECTRICITY DEMAND - 2022

GW
700

B Winter Storm Elliott

600
500
400
300
200

100

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Source: EIA Hourly Grid Monitor

Importantly, December 23 and 24, 2022, represent the highest winter electricity demand on record (January 21, 2022,
ranks 162" as the third-highest winter electricity demand day). Further, both days rank among the top 100 average hourly
electricity demand records for the U.S. Lower-48 as shown in EXHIBIT 3 (December 24, 2022, ranks 24", while December
23, 2022, ranks 41%).

EXHIBIT 3: TOP 100 AVERAGE DAILY ELECTRICITY DEMAND RECORDS FOR THE U.S. L-48
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Source: FIA Hourly Grid Monitor data

Winter Storm Elliott also ranks as one of the highest electricity demand days for many regional balancing authorities (BA)
and local utilities. For example, Winter Storm Elliott ranks as the highest single-day electricity demand in the Electric
Reliability Council of Texas (ERCOT), the ISO encompassing most of the state of Texas, while Elliott ranks as the 4"-highest
demand day in the Southwest Power Pool (SPP), the 9'™-highest in PJM, and the 12%"-highest in MISO. For all major U.S.
ISOs (excluding CAISO in California), Elliott was the highest electricity demand during the winter season.

EXHIBIT 4 shows the average hourly electricity generation for the U.S. Lower-48 for December 2022, with the week of
Winter Storm Elliott shaded in gray. As temperatures began to decline and electricity demand began to increase over the
course of the month, both natural gas and coal-fired power plants increased electric generation output to meet the
increased demand. The early days of the week of Winter Storm Elliott were highlighted by increased wind generation as
the higher wind speeds accompanied the storm system as it moved across the country. As wind generation dropped, fossil
fuel generation (natural gas, coal, and oil) increased to compensate for the drop in wind generation and meet the peak
electricity demand on December 24.
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EXHIBIT 4: U.S. LOWER-48 AVERAGE DAILY NET GENERATION BY FUEL TYPE — DECEMBER 2022
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Source: EIA Hourly Grid Monitor

EXHIBIT 5 quantifies how the peak electricity demand on December 24 for the U.S. Lower-48 was met by the various types
of electric generating resources compared to the first two weeks of December 2022.

EXHIBIT 5: U.S. LOWER-48 CHANGE IN NET GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT

GW

600 77

575
S ss 38 4.3

550

1.4
525
500

475 .
450

-

400

Avg. 12/1-  Coal Gas Nuclear Oil Hydro Solar Wind Other 24-Dec

14
Source: EIA Hourly Grid Monitor

Overall average hourly net electricity generation in the U.S. Lower-48 increased by roughly 132.5 GW between the first
two weeks of December 2022 and December 24. Over 95% of the increase in electric generation was supplied by
dispatchable fossil fuels. Natural gas-fired power plants provided an additional 57.6 GW of electricity, while coal and oil-
fired power plants supplied an additional 50.2 GW and 17.5 GW of electricity, respectively. Despite the higher wind
generation during the early days of Winter Storm Elliott, the average hourly wind generation on December 24, the day of
peak electricity demand in the U.S. Lower-48, declined almost 8 GW from the first two weeks of December. While wind
generation declined, all other generation types provided at least small increases in electricity output during the peak of

the storm compared to the first two weeks of December 2022.

Due to the size of the storm and the regional differences in electric generation mix, the following sections explore how
power supply in the different power market regions across the country fared during Winter Storm Elliott.
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Regional Analysis

Using EIA’s regional data from the Hourly Electric Grid Monitor, EVA performed analyses of the impact and performance
of the power market regions shown in EXHIBIT 6.*°

EXHIBIT 6: MAP OF POWER MARKET REGIONS

PJM

Northeast

The Northeast region is comprised of the New York and New England I1SOs. EXHIBIT 7 shows the Northeast region’s
capacity mix during Winter Storm Elliott and the estimated generation mix for 2022 by fuel type.

EXHIBIT 7: NORTHEAST - 2022 END-OF-YEAR CAPACITY MIX & FULL-YEAR GENERATION MIX BY FUEL TYPE

2% 1% 4% 0%

5%
0%

M Coal 14%
OGas

B Nuclear

EOil 1%
B Hydro
@ Solar
B wind
@ Other

Source: EIAForm860 data Source: EIAForm923 & Formy930 data

4 Northeast = EIA Grid Monitor regions NY & NE; PJM = MIDA; Southeast = TEN, CAR, SE & FLA; MISO = MIDW; ERCOT = TRE; SPP =
CENT; WECC = NW, SW & CAL. Further detail on which balancing authorities make up the EIA regions can be found here:
https://www.eia.gov/electricity/930-content/EIA930 Reference Tables.xIsx

5 WECC is excluded from the report as the data analysis showed little impact on the WECC power system during Winter Storm Elliott.
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As shown in EXHIBIT 7, the Northeast region relies primarily on natural gas for electricity. Nuclear and hydroelectric
generation also provided significant amounts of electricity in 2022.

Since no natural gas is produced within the boundary of the Northeast region, all natural gas is supplied via pipelines from
surrounding areas, primarily the Mid-Atlantic (PJM power market) and Canada (and, to a small extent, via liquefied natural
gas import terminals in Massachusetts). Therefore, any disruption to natural gas pipelines supplying the Northeast region
would have severe adverse effects on the gas supply for power generation and home heating.

EXHIBIT 8 shows the average hourly demand, net electricity generation, and imports and exports for the Northeast region
during December 20228,

EXHIBIT 8: NORTHEAST - AVERAGE DAILY ELECTRIC DEMAND, (IMPORTS)/EXPORTS & NET GEN. — DECEMBER 2022
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Source: EIA Hourly Grid Monitor

Most of the Northeast region had been experiencing typical cold winter weather for most of the second half of December
2022. Therefore, the impact of Winter Storm Elliott on overall electricity demand was relatively minor, reaching a peak of
34.6 GW on December 24. The average hourly demand for the first two weeks of December 2022 was 30.8 GW.

Despite the minor impact on overall electricity demand, Winter Storm Elliott significantly impacted the electric supply
within the Northeast region during the week of the storm, as shown in EXHIBIT 9 and EXHIBIT 10.

5 (Imports)/Exports below 0 means that the region imported more electricity than it exported during that time, and vice versa.
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EXHIBIT 9: NORTHEAST - AVERAGE DAILY NET GENERATION BY FUEL TYPE — DECEMBER 2022
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On December 21 & 22, hourly electricity generation from natural gas-fired power plants in the Northeast region averaged
approximately 14 GW. However, between December 23 & 26, natural gas generation averaged only 10.6 GW, a drop of
over 25% as plants struggled to operate amid reduced natural gas deliveries from the pipeline system supplying the region.

EXHIBIT 10: NORTHEAST - HOURLY GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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To compensate for the loss of available natural gas-fired generation, ISONE and NYISO called on oil-fired backup
generators and dual-fueled (natural gas and fuel oil) power plants. Between December 23 & 26, hourly oil-fired generation

averaged over 4.3 GW, completely offsetting the loss of natural gas generation during that period.
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EXHIBIT 11: NORTHEAST - CHANGE IN NET GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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As shown in EXHIBIT 11, net electric generation in the Northeast region increased approximately 23% from the first two
weeks of December 2022 to December 24, the peak electricity demand day for the Northeast region. Over 80% of the
increase in generation was supplied by oil-fired power plants, which had ample fuel supply in inventory to meet the
increase in electricity demand.

EXHIBIT 12 shows the natural gas demand for the Northeast region in December 2022 by end-use sector and Canadian
natural gas imports. The loss of natural gas supply from the Appalachian region caused natural gas consumption in the
Northeast region to drop on December 23 before Canadian natural gas imports filled most of the loss in supply the
following day. While the initial loss of natural gas supply is the likely cause for most of the natural gas-fired generating
fleet in the Northeast to go offline, the ensuing natural gas price increase due to the lower supply available likely also
caused some economic switching from natural gas to oil-fired power plants, despite more natural gas being available
potentially to allow more natural gas plants to return to service.

EXHIBIT 12: NORTHEAST - NATURAL GAS DEMAND BY END-USE SECTOR & CANADIAN IMPORTS — DECEMBER 2022
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Source: Genscape

PIM

The PJM Interconnection is the country’s largest ISO (by capacity), serving about 65 million customers across 13 states and
D.C. PJM’s 2022 end-of-year capacity mix and full-year generation mix by fuel type are shown in EXHIBIT 13.
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EXHIBIT 13: PJM - 2022 END-OF-YEAR CAPACITY MIX & FULL-YEAR GENERATION MIX BY FUEL TYPE
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Natural gas, nuclear, and coal-fired power plants make up the majority of PJM’s capacity and generation mix in 2022,
accounting for 84% of PJM’s total capacity and supplying 93% of PJM’s electric generation in 2022.

PJM arguably experienced the most significant impact on its systemwide electricity demand across all regions during
Winter Storm Elliott, when PJM’s peak demand hit 124.5 GW on December 24, an increase of over 34% compared to the

first two weeks of December. As mentioned previously, December 24, 2022, ranks as the highest winter demand day for
PJM and the 9%™-highest overall. EXHIBIT 14 shows the average hourly demand, net electricity generation, and imports and

exports for PJIM during December 2022.
EXHIBIT 14: PJM - AVERAGE DAILY ELECTRIC DEMAND, (IMPORTS)/EXPORTS & NET GEN. — DECEMBER 2022
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Source: EIA Hourly Grid Monitor

EXHIBIT 15 shows the average hourly electricity generation by fuel type in PJM for the month of December. As electricity
demand continued to increase over the course of the month, PJM coal generation continued to climb to meet the
increased demand while natural gas generation remained relatively constant. Nuclear generation remained relatively

steady throughout the month at around 33 GW.
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EXHIBIT 15: PJM - AVERAGE DAILY NET GENERATION BY FUEL TYPE — DECEMBER 2022
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EXHIBIT 16 shows the hourly generation by fuel type in PJM during the week surrounding Winter Storm Elliott. As frigid
temperatures moved into the region on December 23, coal-fired power plants in PJM increased their electricity output by
about 6 GW to meet the increased demand. On the other hand, electric generation from natural gas-fired power plants
dropped below 34 GW on December 25 after peaking at 43 GW just four days prior as reduced natural gas availability
forced plants to go offline. In response, oil-fired backup generators, which relied on their on-site fuel storage, came online
and provided over 10 GW of electricity on December 24 to fill the gap left by the natural gas-fired power plants.

EXHIBIT 16: PJM - HOURLY GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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As shown in EXHIBIT 17, net electricity generation in PJM increased by over 30 GW between the first two weeks of
December 2022 and the peak of the storm on December 24. Coal and oil-fired power plants, both relying on their on-site
fuel inventory, accounted for 80% of the increased generation. Thanks in part to the significant increase in wind speeds
that accompanied the storm, PJM’s wind generation also increased by an average of about 3 GW during the storm
compared to earlier in the month.
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EXHIBIT 17: PJM - CHANGE IN NET GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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One of the primary reasons for the significant drop in natural gas generation during Winter Storm Elliott was the lack of
available fuel supply. As temperatures dropped rapidly in the region, natural gas production in the Appalachian region
dropped by 27% due to well freeze-offs’. EXHIBIT 18 shows the normalized production for the Appalachian region during
winter storms Uri and Elliott six days before and after the peak demand for the respective storm system.

EXHIBIT 18: NORMALIZED APPALACHIAN NATURAL GAS PRODUCTION DURING WINTER STORMS URI & ELLIOTT
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As natural gas supply dropped, demand for the fuel from the residential and commercial sector increased, and natural gas
plants in PJM that lacked backup on-site fuel oil had to go offline until sufficient fuel supply became available once again,
days after Winter Storm Elliott had moved through the region.

7 Well freeze-offs occur when production is halted at the well because water and other liquids contained within the natural gas mixture
freeze.
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EXHIBIT 19: PJM - NATURAL GAS POWER PLANTS WITH DUAL-FUEL CAPABILITIES?
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At the end of 2021, less than 30 GW or about one-third of all natural gas power plants in PJM had the capability to use oil
as an alternative fuel source, according to EIA Form-860 data, as shown in EXHIBIT 19. The length of time these generators
can run on fuel oil as an alternative fuel source also depends on the amount of fuel oil stored on-site. On the other hand,
the average coal plant in PJM can operate at full utilization for about 30 days before running out of fuel.

Southeast

The Southeast region includes most of the states of North & South Carolina, Georgia, Florida, Alabama, Tennessee,
Kentucky, and Mississippi and its major utilities, including Duke Energy, Southern Company, Dominion South Carolina,
Florida Power & Light, and Tennessee Valley Authority (TVA). The combined end-of-year 2022 capacity mix and 2022
generation mix by fuel type for the Southeast region is shown in EXHIBIT 20.

EXHIBIT 20: SOUTHEAST - 2022 END-OF-YEAR CAPACITY MIX & FULL-YEAR GENERATION MIX BY FUEL TYPE
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8 “Dual fuel” refers to power plants that can operate using two different types of fuel (excluding start-up fuel), e.g., coal and natural
gas, coal and biomass, natural gas and fuel oil. “Co-firing” refers to power plants that can burn these two fuels simultaneously.
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Similar to PJM, the Southeast region sources most of its electricity from natural gas, nuclear, and coal-fired power plants.
Although solar generating capacity has solidly increased over the last few years, it still only accounts for less than 1% of
total electricity generation in the region.

The Southeast region had the most severe operational issues during Winter Storm Elliott as three of its major utilities
(Duke Energy®, TVAX, and LG&E/KU!) had to implement rolling blackouts within their systems as electricity demand
increased above available generation levels.

Duke Energy experienced rapidly plunging temperatures, demand for electricity that outpaced projections, diminished
generation capacity due to gas supply limits and equipment failures at some gas and coal plants, and the loss of purchased
power the company was relying on that forced the company to initiate automated power outages.

On December 24, TVA’s 2,600-MW coal-fired Cumberland power plant went offline due to equipment failure!2. While the
Cumberland power plant outage got the most media attention, TVA also lost about 4,400 MW of natural gas-fired
generation, nearly twice as much as its coal plant outage.'® In total, TVA lost almost 20% of its generating capacity on
December 24.

As residential, commercial, and industrial natural gas demand in Kentucky spiked during Winter Storm Elliott, pressure
along one of the primary natural gas supply pipelines, Texas Eastern, dropped unexpectedly. As a result of the sudden and
unexpected drop in pipeline pressure, about 900 MW of LG&E/KU natural gas-fired generation suddenly came offline,
resulting in rolling blackouts for over 53,000 LG&E/KU customers. This was the first time in LG&E/KU’s history that the
utility had to implement rolling blackouts for its customers.

As a result, almost 1 million customers were without power at one point during Winter Storm Elliott in the Southeast
region, accounting for the majority of approximately 1.5 million power outages experienced across the country during the
storm.

EXHIBIT 21 shows the average hourly demand, net electricity generation, and imports and exports for the Southeast region
during December 2022.

9 https://news.duke-energy.com/releases/duke-energy-updates-north-carolina-utilities-commission-on-winter-storm-elliott-

emergency-outage-event

10 hitps://www.tva.com/newsroom/press-releases/tva-accepts-responsibility-starts-full-review

1 hitps://www.lpm.org/news/2023-01-26/Ig-e-ku-underestimated-energy-demand-ahead-of-winter-storm-elliott
12 https://www.timesfreepress.com/news/2022/dec/23/tva-weather-tfp/

13 Legislative Archives > KET (54:45 minutes)
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EXHIBIT 21: SOUTHEAST - AVERAGE DAILY ELECTRIC DEMAND, (IMPORTS)/EXPORTS & NET GEN. — DECEMBER 2022

GW I (Imports)/Exports Demand Net Generation
160
140
120
100 =~~~
80
60
40
20
(20)
(=] (=] (=] (8] (8] Q (8] (8] [&] [&] o o o o o o
(8] (8] (8] [ [ o8] @ @ @ @ @ @ @ @ a a
o o o o o o a a a a o o o o o o
— ™ h ~ ) -~ ) h ™~ o - I h ~ o -
-] - - —l — (o] (o] (o] (o] ~ [a2]

Source: EIA Hourly Grid Monitor

Despite the rolling blackouts implemented by Duke Energy and TVA, December 24 still ranked as the highest electricity
demand day during the winter season and one of the highest overall for the Southeast region. Average hourly electricity
demand peaked at over 144 GW, an increase of over 53 GW or 58% over the average hourly electricity demand during the
first two weeks of December. Due to the lack of available power supply, the Southeast region also increased its electricity
imports from surrounding regions, such as PJM and MISO, to over 6 GW on December 24.

EXHIBIT 22 and EXHIBIT 23 show the average hourly electricity generation by fuel type for December 2022 and the week
surrounding Winter Storm Elliott, respectively.
EXHIBIT 22: SOUTHEAST - AVERAGE DAILY NET GENERATION BY FUEL TYPE — DECEMBER 2022
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Similar to PJM, as temperatures dropped and electricity demand increased over the course of the month, coal-fired power
plants in the Southeast region almost tripled their electricity output, from 10 GW in early December to almost 30 GW on

December 24.
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EXHIBIT 23: SOUTHEAST - HOURLY GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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Generally, while hindered by a lack of fuel supply, natural gas-fired power plants also increased their electricity output
significantly during the storm, ramping from about 40 GW in the week prior to the storm to over 60 GW on December 24.
However, as evidenced by the rolling blackouts implemented by TVA and Duke, the increase in coal and natural gas
generation, as well as increased power imports, was not enough to fully meet the increased electricity demand of the
Southeast region.

EXHIBIT 24: SOUTHEAST - CHANGE IN NET GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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As shown in EXHIBIT 24, coal and natural gas-fired power plants once again accounted for the majority of increased
electricity generation to meet the rise in demand in the Southeast region. Average hourly coal generation increased by 15
GW on December 24 compared to the first two weeks of December 2022, while natural gas increased by 21.6 GW on
average over the same period.

MISO

MISO (Midcontinent Independent System Operator) is the second-largest ISO in the U.S., managing the flow of electricity
across 15 U.S. states and for over 45 million customers. MISO’s most recent capacity mix and generation mix by fuel type
are shown in EXHIBIT 25.

© 2023 ENERGY VENTURES ANALYSIS 19



GRID OPERATIONS DURING WINTER STORM ELLIOTT FEBRUARY 2023

EXHIBIT 25: MISO - 2022 END-OF-YEAR CAPACITY MIX & FULL-YEAR GENERATION MIX BY FUEL TYPE
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MISO capacity and generation mix is dominated by coal, natural gas, wind, and nuclear electric generating resources,
which cumulatively accounted for 91% of installed capacity at the end of 2022 and 97% of total electricity produced in
2022.

As Winter Storm Elliott brought frigid temperatures to MISQO’s service territory, electricity demand rose rapidly,
culminating in MISO’s 12t highest single-day electricity demand on December 23, 2022, at 108.6 GW. Similar to the other
regions across the country, electricity demand in MISO had been steadily increasing throughout December ahead of
Winter Storm Elliott, as shown in EXHIBIT 26. While mostly self-sufficient, MISO did increase electric power imports during
the peak of the storm on December 23, when it imported an average of 3.4 GW of electric power from neighboring power
markets, primarily PJM.

EXHIBIT 26: MISO - AVERAGE DAILY ELECTRIC DEMAND, (IMPORTS)/EXPORTS & NET GEN. — DECEMBER 2022
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EXHIBIT 27 shows the average daily electric generation by fuel type for MISO power plants during December 2022. Coal
generation continued to be the dominant fuel in December before, during, and after Winter Storm Elliott affected the
region, providing relatively steady electric output day after day. On the other hand, electric output from natural gas-fired
generators in MISO can vary significantly from day to day as these resources are used primarily to balance the
intermittency and high variability of wind generation in MISO.

© 2023 ENERGY VENTURES ANALYSIS 20



GRID OPERATIONS DURING WINTER STORM ELLIOTT FEBRUARY 2023

EXHIBIT 27: MISO - AVERAGE DAILY NET GENERATION BY FUEL TYPE — DECEMBER 2022
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EXHIBIT 28 provides further detail on the hour-by-hour generation profile of the various resource types in MISO during
the week of Winter Storm Elliott. Unlike other winter storms in the past, Winter Storm Elliott was accompanied by high
wind speeds due to the big change in pressure as temperatures fell rapidly across the region. As a result, wind generation
in MISO picked up considerably from relatively low levels on December 21 of just 5.1 GW to 20.3 GW on December 23,
the peak of the storm for the MISO region. To balance the initial rapid increase of wind generation, natural gas and coal-
fired power plants reduced their electric output before ramping up generation again on December 22 and 23 as electricity
demand continued to climb.

EXHIBIT 28: MISO - HOURLY GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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EXHIBIT 29 summarizes the increased generation output by fuel type during the peak day of Winter Storm Elliott and the
first two weeks of December 2022. Natural gas, coal, and wind generation were significantly higher on December 23
compared to the first two weeks of December. Coal generation increased by an average of 12 GW, natural gas by 13 GW,
and wind generation by 8 GW, which accounted for virtually all of the increased generation of approximately 33 GW.
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However, as discussed by MISO staff during a recent Entergy Regional State Committee meeting, as much as 23 GW of
natural gas-fired generation was unavailable during Winter Storm Elliott due to lack of fuel availability, which ultimately
tipped the MISO energy system into emergency procedures on December 23, as the ISO tried to maintain export levels to
neighboring power market regions.'

EXHIBIT 29: MISO - CHANGE IN NET GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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Comparing MISO Operations during Winter Storms Uri and Elliott

Winter Storm Elliott was the second major test during the winter season in the last three years for MISO and other power
markets in the Central U.S. Around Valentine’s Day 2021, another arctic blast caused temperatures to plummet and
electricity demand to rise rapidly. Winter Storm Uri, as this arctic blast would later be known, severely strained the electric
power grids of MISO, SPP, and ERCOT. In ERCOT, more than 4.5 million customers lost power at some point during Winter
Storm Uri, and at least 57 people died. MISO and SPP were able to avoid implementing rolling blackouts thanks in large
part due to increased electric power imports from neighboring power market regions like PJIM and the Southeast. EXHIBIT
30 shows the minimum temperature differences between the two storm systems on their peak day (February 15 for
Winter Storm Uri (left) and December 23 for Winter Storm Elliott (right)).

14 https://www.rtoinsider.com/articles/31645-miso-data-show-steep-gas-fired-outages-winter-storm
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EXHIBIT 30: MIN. TEMPERATURES DURING WINTER STORMS URI (FEB 15, 2021 - LEFT) & ELLIOTT (DEC 23, 2022 - RIGHT)
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Although initial peak demand forecasts for the two winter storms were comparable at roughly 105 GW, MISO’s actual
average peak demand during Winter Storm Elliott was about 4 GW higher than during Winter Storm Uri (108.6 GW vs.
104.9 GW), as shown in EXHIBIT 31. Due to the higher availability of its natural gas and wind power plants, MISO was able
to export electric power to its neighboring power markets and did not need to rely on electricity imports to meet its system
demand as MISO did during Winter Storm Uri.

EXHIBIT 31: MISO - AVG. DAILY DEMAND FORECAST, ACTUAL DEMAND & NET GENERATION DURING WINTER STORMS
URI & ELLIOTT
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EXHIBIT 32 shows the average hourly generation by fuel type for MISO power plants during the peak of Winter Storm Uri
(February 15, 2021) and Winter Storm Elliott (December 23, 2022).
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EXHIBIT 32: MISO - AVG. GENERATION BY FUEL TYPE DURING WINTER STORMS URI & ELLIOTT
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More specifically, due to the higher availability of natural gas supply and much higher wind generation, MISO was able to
export a significant amount of electricity to its neighboring power market regions, especially the Southeast. Wind
generation during Elliott was over 10 GW higher than during Uri, while natural gas generation was almost 7 GW higher
during the latest storm. The drop of about 7.4 GW in average coal generation was due to coal plant retirements that
occurred in MISO between winter storms Uri and Elliott.

EXHIBIT 33 shows how significant was the difference in wind generation in MISO between the two winter storms.
EXHIBIT 33: MISO - HOURLY WIND GENERATION DURING THE WEEK OF WINTER STORMS URI & ELLIOTT
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Winter Storm Elliott was accompanied by tremendous wind speeds, allowing wind generators in MISO to continue
operating at high utilization rates for much of the storm. Wind generation in MISO increased by over 15 GW between
December 21 and December 23 and only slowly started to taper off on December 24 as the storm system exited the region
to the East. On the other hand, MISO wind generation during Uri peaked on February 13 at 12.7 GW and fell below 5 GW
during the peak demand hours on February 15, 2021. For reference, between February 2021 and December 2022, MISO
wind capacity grew by an estimated 3 GW and, therefore, does not explain the massive difference in wind generation
output alone.

MISQO’s operational success during Winter Storm Elliott largely can be attributed to the massive amount of higher wind
generation realized during the storm compared to Winter Storm Uri less than three years prior. However, as wind’s

© 2023 ENERGY VENTURES ANALYSIS 24



GRID OPERATIONS DURING WINTER STORM ELLIOTT FEBRUARY 2023

generation share in MISO continues to displace dispatchable generation from natural gas and coal-fired power plants,
MISO’s future operational success during similar winter storms will increasingly depend on the wind speeds associated
with such storms.

Southwest Power Pool

The Southwest Power Pool (SPP) is an independent system operator overseeing the bulk electric grid and wholesale power
market in the central United States and provides electricity to almost 19 million customers across 17 states from North
Dakota down to Louisiana. SPP’s latest capacity and generation mix by fuel type are shown in EXHIBIT 34.

EXHIBIT 34: SPP - 2022 END-OF-YEAR CAPACITY MIX & FULL-YEAR GENERATION MIX BY FUEL TYPE
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Over the last decade, SPP has seen tremendous growth in wind power generation facilities across its service territory and
is now the only power market region in the U.S. where wind resources make up the largest generation share. In 2022,
wind accounted for 37% of all electricity produced in SPP, followed by coal at 32% and natural gas at 21%. Hydro and
nuclear generation accounted for the remaining roughly 10% of electric generation.

Similar to its power market neighbor to the East, SPP saw steadily increasing electricity demand during the middle of
December 2022 before peaking on December 23, 2022, at an average of 42.6 GW, as shown in EXHIBIT 35.
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EXHIBIT 35: SPP - AVERAGE DAILY ELECTRIC DEMAND, (IMPORTS)/EXPORTS & NET GEN. — DECEMBER 2022
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Due to the large market share and the highly variable electric output of wind power plants, coal and natural gas-fired
power plants in SPP are primarily used to balance out the intermittency of wind. EXHIBIT 36 shows the average daily net
generation by fuel type in SPP during December 2022 and highlights the complementary roles fossil fuels play to wind

generation in SPP.

EXHIBIT 36: SPP - AVERAGE DAILY NET GENERATION BY FUEL TYPE — DECEMBER 2022
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As electricity demand in SPP increased as Winter Storm Elliott moved into the region, average coal generation increased
from a low of around 5 GW on December 12 to just over 15 GW on December 21, providing the majority of incremental

generation as demand for electricity rose over that period.

EXHIBIT 37 highlights the interplay between the three dominant fuel types in SPP during the week of Winter Storm Elliott.
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EXHIBIT 37: SPP - HOURLY GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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During the week of Winter Storm Elliott, SPP wind generation fluctuated tremendously, from a low of around 3 GW on
December 20 to over 18 GW just two days later as the storm system moved into the region. Wind generation then dropped
again to just 3 GW on December 24 before rising rapidly once again to over 18 GW less than 48 hours later. Both coal and
natural gas-fired power plants were used to not only balance out this tremendous fluctuation in wind generation output
but also to meet the increasing electricity demand as temperatures plummeted during the peak of Winter Storm Elliott
on December 23.

EXHIBIT 38 summarizes the increases of the various fuels during Winter Storm Elliott on December 23 compared to their
average generation output during the first two weeks of December 2022.

EXHIBIT 38: SPP - CHANGE IN NET GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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The total SPP system saw an increase of over 12 GW in net electric generation between the first two weeks of the month
and its peak demand day on December 23. Natural gas and coal-fired power plants provided the majority of that increased
generation, adding 5.9 GW and 4.8 GW of electric output, respectively. Due to the massive fluctuations in wind generation,
average electric output from wind power plants was largely unchanged between the first two weeks of December 2022
and December 23.
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Comparing SPP Operations during Winter Storms Uri and Elliott

Similar to its power market region to the East, Elliott represented the second significant test of the SPP electric power grid
during the winter in less than three years. This section compares SPP’s operations during Winter Storms Uri in February
2021 and Elliott in December 2022.

EXHIBIT 39: SPP - AVG. DAILY DEMAND FORECAST, ACTUAL DEMAND & NET GENERATION DURING WINTER STORMS
URI & ELLIOTT
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EXHIBIT 39 shows the electricity demand forecast, actual electricity demand, and net electric generation for the SPP power
market during Winter Storms Uri and Elliott. Although electricity demand during Winter Storm Uri was forecasted to reach
almost 43 GW, the actual demand for electricity materialized at 41.3 GW or 1.4 GW below the actual demand for electricity
during Winter Storm Elliott. Due to a higher amount of wind and natural gas generation, SPP was able to meet its electricity
demand with internal electric generation and did not have to rely on power imports from MISO to meet its system demand
as it did during Winter Storm Uri.

EXHIBIT 40: SPP - AVG. GENERATION BY FUEL TYPE DURING WINTER STORMS URI & ELLIOTT
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EXHIBIT 40 shows the difference in net generation output by fuel type in SPP during Winter Storms Uri and Elliott.
Increased generation output from natural gas and wind power plants due to higher “fuel” availability allowed SPP to meet
its system electricity demand with in-region generating resources and not rely on power imports. Average coal generation
output declined slightly from Uri to Elliott, likely due to some unforced plant outages due to the frigid temperatures
experienced in Montana and the Dakotas, where the majority of SPP coal plants are located.
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It is worth highlighting once again the tremendous difference in wind generation output in SPP during the week of the two
winter storm systems. During Winter Storm Uri, wind generation reached a peak of 10 GW on February 14 before dropping
below 1 GW just three days later. As shown in EXHIBIT 41, SPP wind generation was significantly higher during Winter
Storm Elliott, fluctuating between 3 GW on December 20 and over 18 GW on December 22. For reference, between
February 2021 and December 2022, SPP wind capacity grew by an estimated 5.2 GW. Therefore, almost half of the
increased wind generation can be explained by higher wind speeds accompanying the latest winter storm system.

EXHIBIT 41: SPP - HOURLY WIND GENERATION DURING THE WEEK OF WINTER STORMS URI & ELLIOTT
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Similar to MISO, SPP’s operational success during Winter Storm Elliott largely can be attributed to the higher amount of
wind generation realized during the storm as well as greater fuel availability for SPP natural gas plants compared to Winter
Storm Uri less than three years prior. However, as wind’s generation share in SPP continues to displace dispatchable
generation from natural gas and coal-fired power plants, SPP’s future operational success during similar winter storms will
increasingly depend on the available wind generation output during these storms.

ERCOT

The Electric Reliability Council of Texas (ERCOT) is an ISO fully contained within the state of Texas and responsible for
managing the bulk electric power grid for more than 26 million Texans, representing about 90% of the state’s electric
load.'® ERCOT’s most recent capacity and generation mix by fuel type is shown in EXHIBIT 42.

15 https://www.ercot.com/about#:~:text=The%20Electric%20Reliability%20Council%200f,0f%20the%20state's%20electric%20load.
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EXHIBIT 42: ERCOT - 2022 END-OF-YEAR CAPACITY MIX & FULL-YEAR GENERATION MIX BY FUEL TYPE
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Over the last decade, ERCOT has seen a tremendous shift away from coal-fired generation, first towards natural gas and,
more recently, towards wind and solar generation. In 2022, wind accounted for almost one-quarter of all electricity
produced in ERCOT, making it the second-largest fuel source after natural gas, which accounted for 43% of ERCOT's electric
generation in 2022. Coal and nuclear accounted for 17% and 10%, respectively.

On December 23, 2022, Winter Storm Elliott set the record for the highest average daily electricity demand for the ERCOT
power market. The record comes just less than two years after ERCOT suffered one of its most devastating system failures
during Winter Storm Uri in February 2021, which is discussed later in this report. EXHIBIT 43 shows the rapid rise of

electricity demand in ERCOT during Winter Storm Elliott.

EXHIBIT 43: ERCOT - AVERAGE DAILY ELECTRIC DEMAND, (IMPORTS)/EXPORTS & NET GEN. — DECEMBER 2022
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Electricity demand in ERCOT reached a peak of 68.9 GW on December 23, 2022, an increase of over 63% compared to the
average daily demand during the first two weeks of December 2022. After the storm system exited the region, electricity
demand quickly normalized at around 40 GW at the end of the month.

EXHIBIT 44 provides more detail on the average daily generation by fuel type in ERCOT during December 2022. Similar to
SPP, natural gas-fired power plants in ERCOT are largely providing complementary generation to the ever-fluctuating
electric output from wind power plants. During the peak of Winter Storm Elliott, generation from natural gas plants
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increased by almost 20 GW as the plants offset the loss in wind generation and provided the incremental electricity needed
to meet the peak electricity demand during the storm.

EXHIBIT 44: ERCOT - AVERAGE DAILY NET GENERATION BY FUEL TYPE — DECEMBER 2022

Solar e=——=\\ind e=—CQther

GW — Coal Gas =—=Nuclear ===Qil ===—Hydro

45
40
35
30
25
20
15
10

1-Dec
3-Dec
5-Dec
7-Dec
9-Dec
11-Dec
13-Dec
15-Dec
17-Dec
19-Dec
21-Dec
23-Dec
25-Dec
27-Dec
29-Dec
31-Dec

Source: EIA Hourly Grid Monitor

EXHIBIT 45 provides further detail on the hourly operations of the various fuels in ERCOT during the week of Winter Storm
Elliott. During December 20 & 21, natural gas-fired power plants balanced out the loss in wind generation before rising
rapidly on December 22 & 23 to almost 50 GW as wind generation dropped and electricity demand skyrocketed. Coal-
fired power plants, which are already running at higher utilization rates in ERCOT on average, also increased generation
during the peak electricity demand hours to roughly 10 GW.

EXHIBIT 45: ERCOT - HOURLY GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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EXHIBIT 46 summarizes the increase in electric generation output in ERCOT on December 23 compared to the first two
weeks of December 2022. Similar to electricity demand, net electric generation in ERCOT rose from an average of 42.3
GW during the first two weeks of the month to 68.4 GW on December 23, an increase of over 26 GW or 62%. Natural gas-
fired power plants accounted for almost all of the increase. Coal and solar generation also saw minor increases, offsetting

the reduced wind generation of 1.7 GW.
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EXHIBIT 46: ERCOT - CHANGE IN NET GENERATION BY FUEL TYPE DURING WINTER STORM ELLIOTT
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Comparing ERCOT Operations during Winter Storms Uri and Elliott

In February 2021, Winter Storm Uri caused a massive electricity generation failure in the ERCOT power market, which
resulted in a loss of power for more than 4.5 million homes. This failure resulted in at least 57 deaths across 25 Texas
counties and over $195 billion in property damage.

EXHIBIT 47 shows the demand forecast and the actual average daily demand during Winter Storms Uri and Elliott. Prior
to February 15, electricity demand during Winter Storm Uri was projected to surpass 70 GW during peak hours, while
electricity demand during Elliott was forecasted to peak at 63.5 GW. However, due to ERCOT having to implement rolling
blackouts starting February 14 due to a lack of available electric generation resources, actual peak demand during Uri only
got to 62.4 GW on February 14 before dropping to just 45 GW on February 16 as 4.5 million customers were without
electricity. On the other hand, during Elliott, actual demand surpassed initial forecasts, peaking at almost 69 GW on
December 23 before falling below 48 GW just three days later.

EXHIBIT 47: ERCOT - AVG. DAILY DEMAND FORECAST & ACTUAL DEMAND DURING WINTER STORMS URI & ELLIOTT
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Source: EIA Hourly Grid Monitor

As cold weather moved into the ERCOT region on February 14, 2021, power plant outages rose from just under 30 GW at
the end of the day to over 50 GW during the morning hours on February 15 as power plants shut down due to weather-
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related issues caused by the massive drop in temperatures, equipment failures, and fuel supply issues?®. As a result of the
sudden increase in plant outages, ERCOT initiated rolling blackouts to stabilize the grid and re-balance demand with the
available supply.

Many of the natural gas-fired power plants in ERCOT had to go offline due to a lack of available fuel supply during the peak
of the storm. EXHIBIT 48 shows the normalized daily natural gas production in the Permian Basin'’, the dominant natural
gas supply source for natural gas-fired power plants in ERCOT.

EXHIBIT 48: NORMALIZED NATURAL GAS PRODUCTION IN THE PERMIAN BASIN DURING WINTER STORMS URI & ELLIOTT
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During the week of Winter Storm Uri, natural gas production in the Permian Basin dropped to just 30% of peak production
levels due to well freeze-offs amid frigid temperatures. On the other hand, during Winter Storm Elliott, Permian Basin
natural gas production was much less affected by well freeze-offs as the extreme cold stayed further north than during
Uri, resulting in a peak production loss of just 23%. As a result, the available natural gas generating capacity during Elliott
was significantly higher than during Uri, as significantly more natural gas was available to supply the increase in the power
sector and residential and commercial heating demand.

EXHIBIT 49 provides greater detail on the average net electricity generation by fuel type during the peak demand days of
winter storms Uri and Elliott in ERCOT.

16 https://energy.utexas.edu/sites/default/files/UTAustin%20%282021%29%20EventsFebruary2021TexasBlackout%2020210714.pdf
7 The Permian Basin is located in West Texas and Southeastern New Mexico.
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EXHIBIT 49: ERCOT - AVG. GENERATION BY FUEL TYPE DURING WINTER STORMS URI & ELLIOTT
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Due to the increased fuel supply available during Winter Storm Elliott, average natural gas generation on December 23,
2022, was over 10 GW higher than on February 15, 2021, during Winter Storm Uri. Average wind generation also increased
by over 6 GW between the two storms due to higher installed capacity, higher wind speeds, and fewer equipment issues
like frozen wind turbines. Average coal and nuclear generation also increased by roughly 1 GW each due to fewer
equipment failures amid higher ambient temperatures during Winter Storm Elliott.

EXHIBIT 50 highlights the hourly generation profile of all wind power plants in ERCOT during the two winter storms. As
mentioned previously, Winter Storm Elliott was accompanied by significantly higher wind speeds than Winter Storm Uri,
especially as the storm system moved into the region on December 22, 2022.

EXHIBIT 50: ERCOT - HOURLY WIND GENERATION DURING THE WEEK OF WINTER STORMS URI & ELLIOTT
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During the week of Winter Storm Elliott, ERCOT wind generation rose from just under 5 GW on December 20 to almost 25
GW at the end of December 22 before falling below 2 GW on December 24. Conversely, hourly wind generation during
the week of Winter Storm Uri never surpassed 10 GW and averaged less than 5 GW for the week.

EXHIBIT 51 shows the hourly generation profile of natural gas-fired power plants in ERCOT during the weeks of Winter
Storms Elliott and Uri. During the early morning hours on February 15, 2021, natural gas generation suddenly dropped by
approximately 10 GW as fuel supply issues and equipment issues forced natural gas plants offline. On the other hand,
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natural gas generation during the peak hours of Winter Storm Elliott was able to increase steadily as higher ambient
temperatures resulted in fewer fuel supply and equipment issues.

EXHIBIT 51: ERCOT - HOURLY NATURAL GAS GENERATION DURING THE WEEK OF WINTER STORMS URI & ELLIOTT
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Allin all, higher generation output from natural gas and wind power plants during Winter Storm Elliott allowed ERCOT to
avoid a repeat of the power system failure it experienced during Winter Storm Uri in February 2021. However, it remains
to be seen how much of the increased availability and output of these plants was due to the weatherization projects put
in place in the wake of Winter Storm Uri and how much was due to the higher availability of natural gas and wind “fuel”
leading up to and during Winter Storm Elliott.

Ongoing Changes in Power Generation Capacity will affect how
Utilities Deal With Future Winter Storms

Over the last decade, the U.S. electric power sector has undergone massive changes. Although overall annual electricity
demand has remained relatively unchanged, the capacity mix of available electric generating resources has changed
considerably. EXHIBIT 52 shows the total operating capacity at the end of the year in the U.S. Lower-48 by fuel type for
the last ten years.
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EXHIBIT 52: U.S. LOWER-48 END-OF-YEAR OPERATING CAPACITY BY FUEL TYPE
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Since 2013, over 111 GW of coal-fired electric generating capacity has closed in the U.S. Lower-48 due to higher
compliance costs of updated or new environmental regulations, increased market competition from natural gas and
renewable resources, and rising political pressures to replace coal with renewable resources. On the other hand, natural
gas capacity increased by over 65 GW over the same period, as significantly reduced natural gas prices following the Shale
Gas Revolution made natural gas more economically competitive. Wind and solar capacity also increased tremendously
by a combined almost 151 GW over just the last ten years, driven primarily by federal subsidies and state policies.

However, despite the overall increase in installed capacity (ICAP) over the last decade, the cumulative amount of unforced
capacity (UCAP) —the installed capacity that is adjusted for the amount it is expected to contribute during peak electricity
demand hours (deducting expected forced outages) — has only recently increased above zero, as shown in EXHIBIT 53.

EXHIBIT 53: U.S. LOWER-48 PEAK-CREDIT ADJUSTED ANNUAL CAPACITY CHANGES BY FUEL TYPE
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Due to the high variability of wind and solar resources, electric utilities and ISOs only count a partial amount of capacity
of these resources towards their generating capacity reserve margin. Also, due to the extreme drought in the Western
U.S. and the fact that its primary role is to manage the flow of rivers for environmental and agricultural purposes,
hydroelectric capacity is de-rated to reflect the lower generating capacity available during peak electricity demand hours.®
After adjusting the capacity additions over the last decade for these so-called peak credits, The U.S. electric power sector

18 https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC SRA 2022.pdf
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has only added less than 2 GW of capacity since 2013 as utilities have replaced dispatchable coal-fired generating capacity
predominantly with partial-credit non-dispatchable renewable generating capacity like wind and solar.

This trend of replacing full peak credit dispatchable generating capacity with partial peak credit non-dispatchable capacity
is projected to continue and accelerate until the end of the decade. EXHIBIT 54 shows the amount of active
interconnection queue requests for the seven U.S. ISOs (ISO-NE, NYISO, PJM, MISO, SPP, ERCOT & CAISO) by technology
type on the left and the announced coal-fired capacity retirements by power market region between 2023 and 2030 on
the right.

EXHIBIT 54: ACTIVE INTERCONNECTION QUEUE REQUESTS BY FUEL TYPE (LEFT) & ANNOUNCED COAL RETIREMENTS
BETWEEN 2023-30 BY POWER MARKET REGION
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interconnection queues Source: U.S. EIA & EPA data + company announcements

Although the current combined interconnection queue contains over 780 GW of new generating capacity, almost 70% of
the proposed capacity is intermittent non-dispatchable renewable energy. Less than 3% of the proposed capacity are new
fossil fuel resources aimed to balance out the intermittency of existing and new renewable resources. It is also worth
noting that over 75% of projects currently in the interconnection queue likely never get built, as previous analyses have
shown.?

Even though battery storage projects make up almost 30% of new capacity in the interconnection queue, almost all of
these projects are short-duration (less than eight hours of energy storage capacity) projects aimed to extend electricity
production from solar power plants later into the night after the sun has set. However, this report shows that high
electricity demand periods during extreme weather events such as Winter Storm Elliott can extend well beyond eight
hours. Additionally, Winter Storm Elliott included relatively small amounts of snow precipitation, especially in areas with
high amounts of solar capacity installed. Future possible winter storms with higher amounts of snow that can cover solar
panels accompanied by lower wind speeds, like during Winter Storm Uri, can quickly render a large amount of wind and
solar capacity useless to meet the substantial demand for electricity.

On the other hand, utility companies across the country have announced plans to retire 82 GW of currently operating
coal-fired generating capacity by the end of the decade to advance their carbon reduction programs and avoid plant
investments to comply with new or updated environmental regulations. While there exists a large amount of uncertainty
around the amount and timing of new renewable capacity coming online due to supply chain, interconnection, and
transmission delays, the timing of the upcoming coal retirements is all but certain due to the compliance dates associated

1% https://emp.Ibl.gov/queues
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with federal environmental regulations such as the Steam-Electric Effluent Limitation Guidelines (ELG)® or the Good
Neighbor Plan?l. As shown in EXHIBIT 54, future coal retirements are spread across the country, with MISO, PJM, and the
Southeast regions accounting for roughly three-quarters of all announced coal retirements. For all three regions, the
amount of coal capacity announced to retire is greater than the amount of increased coal generation these regions
received during Winter Storm Elliott (PJM: 17.3 GW of coal retirements vs. 14.5 GW of increased coal generation;
Southeast: 17.4 GW vs. 15 GW; MISO: 25.6 GW vs. 12 GW). Retiring these power plants without replacing them with
comparable long-duration dispatchable capacity will leave these regions increasingly vulnerable to more extensive and
prolonged energy emergencies during extreme weather events like Winter Storms Uri and Elliott.

20 https://www.epa.gov/eg/steam-electric-power-generating-effluent-guidelines
2! https://www.epa.gov/csapr/good-neighbor-plan-2015-0zone-naags
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