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ABSTRACT 

We have examined the critical extreme weather 
events of 2021 that resulted in disruptions of normal 
power system operations, the loss of life, and 
multibillion dollar losses to the US economy.  These 
impacts occurred due to extreme cold, extreme heat, 
drought, slower post-landfall dissipation of 
hurricanes, and more intense large-scale 
thunderstorm systems.  We point to the causes but also 
argue for the changes in planning and operations 
required to be prepared for and have responses to 
these events. Specifically, we focus on recognizing the 
reality of extreme events and planning for their 
increasing frequency, intensity, duration, and 
geographic scope; modifying resource planning and 
adequacy metrics to incorporate common mode 
events; enabling the power system to depend on 
reliable natural gas fuel supplies; redesigning power 
markets to better compensate resources and flexible 
demand for reducing the probability of outages; and 
developing resilient systems. 

1. Introduction

The tragic consequences of the February 2021 
Texas blackout; the extreme heat wave of June 2021 
in the Pacific Northwest; the worst drought in the last 
1,200 years that is reducing water supplies and igniting 
forest fires across much of the West; the intensity and 
slower post-landfall dissipation of tropical storms such 
as Hurricane Ida that knocked out the transmission 
lines serving New Orleans before leaving 232,000 
customers without power and killing 56 people in five 
Northeastern states in August 2021; and the intensity 
of large-scale thunderstorms across the center of the 
country such as the December 2021 derecho, with its 
100 mph straight line winds and 120 tornados, that left 
600,000 without power should have served as a wake-
up call for the US utility industry to restructure their 
planning for resource adequacy and resilience, but that 

appears not to be the case. Such high impact events are 
no longer infrequent.   

This paper presents a summary of what has 
occurred over the last year, the impacts on the power 
system of the increase in extreme weather events, and 
a detailed analysis of solutions.  The authors approach 
this problem based on their background in power 
systems, energy market design and analysis, utility 
regulation, and probabilistic weather forecasting and 
evaluate strategies for how U.S. energy systems can 
adapt to the increasing frequency, intensity, duration, 
and geographic scope of the extreme weather and 
common mode events that simultaneously reduce the 
availability of multiple resources and increase 
demand.  

While it can be important to look back to ask what 
might have been avoided, hindsight is insufficient. 
The paper summarizes recent extreme weather events 
and their impacts for the purpose of focusing attention 
on lessons for the future.  

2. Extreme Weather 2021

The Texas blackout from Winter Storm Uri 
provides a dramatic example of the failure of energy 
systems to recognize the risk, plan for, and manage the 
impacts of a weather-related disruption of normal 
operations.  During the period from February 8 to 20, 
2021, unusually cold weather impacted a wide area of 
the south-central United States. In Texas, the electric 
and natural gas systems failed with tragic 
consequences. To maintain bulk power system 
reliability, grid operators were forced to shed 23.4 GW 
of firm load, including 20 GW in the Electric 
Reliability Council of Texas (ERCOT) at the worst 
point in the event.  From 7:00 a.m. on February 15 to 
1:00 p.m. on February 17, ERCOT averaged 34 GW 
of generation outages, a quantity equal to nearly half 
of the system’s all-time winter peak demand.  Most of 
the unplanned outages were at gas-fired generators. 
Outages and derates of wind, coal, nuclear, and solar 
generation also increased.  ERCOT’s largest estimated 
resource deficiency, 28.3 GW, occurred on the 
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morning of February 16, when it was experiencing 
26.2 GW of forced outages at thermal (gas, coal, 
nuclear, and biomass) generators, 2.5 times the worst 
case assumed in ERCOT’s Seasonal Assessment of 
Resource Adequacy.1  Natural gas production in Texas 
and the south-central U.S. declined by more than 70% 
and throughput at gas processing plants fell by more 
than 80%, compared to earlier in the month.   

The electric and gas systems are interdependent: 
the loss of power to natural gas infrastructure resulted 
in power line outages and firm load shedding that 
caused a 23.5% of the decline in natural gas 
production.2 The cold weather also increased demand 
above the seasonal forecasts and prior winter peaks.  In 
ERCOT, a new winter peak demand of 69,871 MW 
was set on the evening of February 14. 

Grid frequency rapidly declined in the early hours 
of February 15.3  As system frequency approached 
59.3 Hz, ERCOT began ordering firm load shedding. 
At one point “operators had only nine minutes to 
prevent approximately 17,000 MW of generating units 
from tripping which could potentially cause a 
complete blackout of the ERCOT Interconnection.”4 
Utilities had limited options. More than 4.5 million 
customers were left without electricity, some for as 
long as 4 days, in below freezing temperatures from 
February 15 to 18.5  

The Texas Department of State Health Services 
attributed 210 deaths to the Winter Storm Uri, while 
independent experts identified an estimated 700 
excess deaths during the storm and resulting power 
outages.6 

The financial costs of the 2021 Texas power 
outage were in the billions of dollars and orders of 
magnitude larger than the costs of ERCOT’s winter 
weather service interruptions in 1989 and 2011.7  

Winter Storm Uri was notable for its intensity, 
duration, and geographic scope.  The National 
Weather Service issued Winter Storm Warnings for 
the entire states of Texas, Oklahoma, and Arkansas, 
virtually all of Louisiana, Mississippi, and Kentucky, 
and most of New Mexico, Tennessee, Indiana, and 
Ohio.  

While Winter Storm Uri was larger and more 
intense than prior winter storms, this type of event may 
reoccur.  It was an example of a “disrupted polar 
vortex”, a weakening and southerly excursion of the 

1 King, Rhodes, Zamikau, and Lin 2021. 
2 Ibid. 
3 Magness. 2021.  
4 FERC and NERC 2021. 
5 FERC and NERC 2021; see also: Wood et al. 2021. 
6 Aldhous, Lee, and Hirji 2021. 
7 Golding, Kumar and Mertens 2021; and King, Rhodes, Zamikau, 
and Lin 2021. 
8 Cohen et al. 2021.  

high-altitude winds that brought cold temperatures 
into a mid-latitude region. Some researchers have 
linked warming in the Arctic to disruptions in the jet 
stream that causes extreme cold events in Asia and 
North America.8   This disruption was the main driver 
of cold events seen in 2011, 2014, 2018, and 2021.  

3. Other Extreme Weather events are
increasing as well

Heat waves are occurring with greater frequency 
and intensity,9 duration, and spatial coverage. Large 
heat waves that simultaneously affect multiple areas 
have become 6 times more frequent, 46% larger, have 
increased in intensity by 17% since 1979.10  Heat 
waves stress power systems by increasing the demand 
for power, negatively impacting thermal generators, 
and overheat power lines and distribution 
transformers.  As the geographic scope and duration of 
contemporaneous heat waves increase the ability share 
resources between regions also declines.  High heat 
events, such as the 2021 Pacific Northwest heat wave, 
also have been amplified by changes in the jet stream. 
With a slowing of the jet stream, a heat dome settled 
over the Pacific Northwest in June, increasing 
temperatures in Seattle to 109o, Portland to 116o and 
towns in Eastern Washington and British Columbia to 
over 120oF; with an attributed 400 excess deaths. 

Heat has other compounding impacts.  Droughts 
are increasing in intensity, duration, and spatial 
coverage.11 The western United States is enduring a 22 
year long drought that is one of the worst to impact the 
region in the last 1,200 years.12  Extreme or severe 
drought conditions impacted nearly 90% of the 
Western U.S. in 2021.  The drought is dramatically 
shrinking the reservoirs behind Colorado River dams 
and reduced hydroelectric generation in California by 
38%.13 It is reducing the availability of cooling water 
for power plants across most of the WECC and 
ERCOT regions.  Moreover, the drought is curtailing 
water supplies for agriculture and domestic use.  This 
in turn may lead to increased power demand for water 
pumping and new desalination facilities. 

Wildfires have increased in intensity, duration, 
and spatial coverage.  The annual average acreage 
consumed by large wildfires in the U.S. in the period 

9 IPCC 2021. 
10 Rogers et al. 2021.  
11 IPCC 2021 : SPM-11. 
12 Williams et al. 2020. 
13 Gearino 2021. 
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1987 to 2003 was more than six and a half times the 
annual average area burned in the period 1970 to 
1986.14 Moreover, the average area burned each year 
between 2004 and 2020 was nearly double the average 
from 1987 to 2003.15  The upward trend has continued 
with the average area burned over the past five years 
26% higher than in the prior five-year period and more 
than double the area in the 1990s.16, 17, 18  Wildfire risk 
has required deenergizing transmission lines in fire 
prone areas and threatened the loss of major lines.19  In 
2021, Oregon’s Bootleg Fire threatened to interrupt 
the intertie bringing 5,500 MW of power from the 
Pacific Northwest into California.20  The de-
energizing of power lines by PG&E to lower fire risks 
in 2019 led to 12 million person-days of power 
interruptions.21  Additionally, in September 2020, 
smoke from wildfires reduced solar generation in 
California by nearly 30%.22  Wildfire smoke also 
contributes to unhealthy levels of airborne fine 
particulates and causes an estimated 1,500 to 2,500 
short-term and 8,700 to 32,000 long-term premature 
deaths per year.23 

The intensity of Atlantic hurricanes is 
increasing.24 Moreover, a reduction in the rate of post 
landfall decay in storm intensity has subjected larger 
areas to intense winds and heavy rainfall, resulting in 
a consequently larger economic toll.25  For example, 
Hurricane Ida took out the transmission lines that 
serve New Orleans cutting power to more than one-
million customers with some experiencing outages of 
up to sixteen days.  Ida then turned north and brought 
down power lines, flooded streets and basement 
apartments, interrupted service to 232,000 customers, 
and killed 56 people in in five Northeastern states.26 

4. Damage estimates from Extreme
Weather

Since 2008, the most frequent high impact - 
$1billion damage - weather events have been non-
tropical severe storms. These extreme precipitation 
and wind events are becoming more intense and 
frequent. They include the large formations of 
thunderstorms, known as mesoscale convective 
systems, which occur frequently in the central and 
southeastern U.S.  These storms can produce heavy 

14 Westerling et al. 2006. 
15 U.S. EPA 2022. 
16 Ibid. 
17 Patel 2018.  
18 Union of Concerned Scientists 2020. 
19 CAISO 2020. 
20 Mulkern 2021. 
21 Abatzoglou et. at. 2020. 
22 U.S. EIA 2020. 
23 Fan et al. 2018. 

precipitation, flash floods, severe winds, and derechos 
– intense straight-line winds – and occasional
tornedos.27, 28 For example, in August 2021, storms
dropped 17 inches of rain in parts of Tennessee, which
produced widespread flooding killing 22 people.  A
December 2021 derecho impacted six states from
Colorado and Kansas to Wisconsin, produced straight
line winds in excess of 100 mph and 120 tornados, and
left 600,000 customers without power.  A similar
August 2020 derecho, which formed in South Dakota
and Nebraska, unleashed high winds, peaking at over
110 mph, across a 90,000 square mile area that was
home to more than 20 million people. The line of
thunderstorms moved through Iowa, and parts of
Illinois, Wisconsin, Indiana, and Michigan and caused
more than $11 billion in damages in a single day.  It
left 1.9 million customers without power, some for as
long as two weeks.  Preliminary research suggests
these conditions also can produce more frequent and
intense tornados, such as the unusual December 2021
tornado cluster that killed 77 people in Kentucky.29

The increasing impact of severe storms is reflected in
average outage durations including major event days
(SAIDI with MED), which have been available from
U.S. EIA since 2013.  The average annual duration of
outages for utilities that reported based on IEEE
standards increased from the period of 2013 through
2016 to the years 2017 through 2020 by 70%.30

The increasing number and impacts of extreme 
weather events are illustrated in Figure 1.  The average 
number of U.S. Weather Events causing over $1B in 
damages has increased from 2.9 per year in the 1980s 
to 17.2 such events per year over the last five years. 
The average annual cost of these billion-dollar events 
has increased from $17.8 billion in the 1980s to $148.4 
billion per year in the last five years.  Much of the 
trend is clearly attributable to an increase in extreme 
weather events, although some portion of the change 
in costs may be due to demographics.  

Figure 1: United States Billion-Dollar Disaster Events 
1980 – 2021 (CPI-Adjusted)31 

24 IPCC 2021: SPM-11. 
25 Li and Chakraborty 2020.  
26 U.S. EIA 2021. 
27 Schumacher and Rasmussen 2020. 
28 IPCC 2021: SPM-10. 
29 Lepore et al. 2021. 
30 U.S. EIA 2014 – 2021. 
31 NOAA 2022.  
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Despite the recent impacts on power systems, the 
consequences of failing to recognize and mitigate 
climate risks, and research characterizing potential 
impacts of climate change on energy systems, the 
extent to which the impacts of climate change and 
extreme weather have been incorporated into system 
planning and operations remains limited.  Many utility 
planners continue to rely on historical data without 
considering climate models or planning for events that 
may be outside of or have rarely occurred in the 
historical data.  

The increasing frequency with which extreme 
weather is impacting the power system and the results 
of climate models suggest these impacts are likely to 
intensify. From this experience we can derive 
fundamental requirements that include: 
1. Resource and reliability planning should address

region-specific risks of extreme weather.
2. When forecasting the probability of extreme

weather events, planners should both account for
the trends and rate of change in the frequency,
intensity, duration, and geographic scope of
adverse weather patterns and consider the
possibility of events well outside of historical
experience.

3. Planners and operators should seek to make the
range of risks and potential outcomes transparent
to relevant decision makers. The probability of
extreme events can be assessed with current and
evolving weather forecasting methodologies.

4. Extreme events and common mode failures are
often not limited to a single sector.  Planners,
operators, and policy makers will need to ensure
cross sector coordination between the power
sector and other interdependent elements of
critical infrastructure, particularly when events
will have large customer and societal costs.
These basic requirements will impact multiple

areas of energy system planning and operations 
including the definition of key performance metrics, 
resource adequacy and grid planning, ensuring fuel 
supply reliability, power market design, resilience 
planning and the management of events that disrupt 
normal system operations.  

5. Resource Adequacy and Grid Planning
that reflects the Risk of Extreme
Events

Today’s planning for resource adequacy is about
relatively common, known, and anticipated types of 
events. Planners tend to focus on annual or at most 
seasonal worst-case scenarios for load (highest 
demand day) as they plan for system adequacy. The 
results are based on expected values based on 
historical data with only limited weight given to high 
impact events that have historically been infrequent 
and for which we have limited historical data upon 
which to base statistical analyses.  Too little time has 
been spent focused on the tails of the event distribution 
and even less on the risks associated with common 
mode events.  Climate models and the trend of 
increasingly frequent and severe extreme weather are 
often ignored or treated as too uncertain to include in 
planning.  Incorporating climate forecasts and trends 
in planning will require planners, involved 
stakeholders, and utility regulators to develop a better 
understanding of climate models and relevant data. 

The most significant failing of today’s resource 
planning analytics is the lack of appropriate metrics to 
measure both preparedness and the cost of failure.  By 
analyzing and characterizing the probability of 
different common mode events along with supply 
intermittency, the industry can develop risk metrics 
and plan for and become increasingly resilient in its 
response to extreme events. Historically, the industry 
has focused its attention on engineering analytic 
metrics.   The concept of reliability measured as failure 
“one day in 10 years” has no meaning in terms of the 
cost to consumers nor the benefits when they exist. 
The change needed is from engineering values to 
values associated with the cost to consumers whether 
measured in Value of Lost Load or in probability 
metrics that incorporate severity of event, and the 
geographic extent of event along with the risk 
economic loss.  These measures all require stochastic 
analytic techniques that either exist or are under 
development, but which require significant 
reorientation of planners and planning if we are to 
move forward to a probabilistic approach to resource 
adequacy. 

Today’s power industry employs minimal 
stochastic planning metrics and methods and as a 
result tends to understate the probability of supply 
disruptions affecting multiple units and their impact on 
consumers and the system itself. This is the reality 
across topics varying from weather to fuel supply and 
cyber security. The industry is, however, moving into 
a new era in which generation portfolios are changing, 
a larger proportion of generating assets are intermittent 
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renewable resources, generation occurs behind as well 
as in front of the meter, the carbon content of their 
energy supplies is rapidly evolving, and the economy 
has become increasingly dependent on a reliable 
supply of electricity. All these changes increase the 
need for stochastic methods and metrics of planning 
for resource adequacy that are more customer focused 
and resilience focused.  

The events of February 2021 in ERCOT illustrate 
the fundamental weakness of conventional reliability 
planning metrics and methods.   In November 2020 
ERCOT stated that for the winter of 2020-2021: “We 
studied a range of potential risks under both normal 
and extreme conditions and believe there is sufficient 
generation to adequately serve our customers.”32  The 
assessment proved to be very wrong for several 
reasons.  First, the “Range of Potential Risks” included 
only three sensitivity cases.  Second, in specifying 
these cases, planners failed to consider the possibility 
that Extreme Peak Demand and Extreme unit Outages 
might coincide with Low Wind Output.  Third, each of 
the input sensitivities was based on a limited range of 
historical data for the given parameter, which was 
unrepresentative of the future and in this case 
understated the conditions observed in February 2021. 
Additionally, ERCOT does not appear to have 
considered how severe weather could impact gas 
supplies, which became a large common mode failure 
that resulted in massive load shedding.  Further, 
ERCOT has a large base of wind resources (31.4 GW 
nameplate REC/NERC).  During February 14 and 15, 
2021, because of a common mode failure, up to 18.3 
GW (nameplate) were offline or derated (UT Austin), 
though actual energy loss was smaller than lost MW 
capacity because wind farms do not operate at full 
output during most hours.  Hourly expected lost 
generation by type from February 14-19 is shown in 
Figure 2.  

Figure 2:

6. Effective integration of Risk into
Extreme Weather Market Prices

32 ERCOT. 2020. Final Seasonal Assessment of Resource 
Adequacy for the ERCOT Region (SARA) Winter 2020/2021. 

Since the late 1990’s there has been an increased 
awareness of the need for market forces to play a 
significant role in the planning and operation of the 
power industry.  The restructuring of the industry 
moved the focus of resource investment away from the 
traditionally regulated, vertically integrated utility to 
private investment by independent producers.  This 
trend has continued and intensified with the 
recognition that the future of the industry is in clean, 
renewable generation, virtually all of which is 
provided by non-utility planned, developed, and 
owned wind and solar (and now increasingly, storage). 
The role that the market is playing is only tangentially 
taken into consideration in the resource adequacy 
planning process through the existence of 
administratively specified capacity auctions where 
they exist.  Only the ERCOT operating reserve 
demand curve (ORDC) methodology provides a clear 
connectivity between scarcity (probability of 
inadequacy) and the value of operating resources.  As 
was seen in February in ERCOT, ORDC initially 
functioned as intended sending electric energy prices 
to their maximum level of $9000 per MWh.  The 
signal was dramatic, those generators online were able 
to reap the benefits as designed.  Consumers 
responded to the high prices by reducing demand.  The 
high prices were not well accepted by Texas 
consumers or suppliers caught without gas supplies or 
wind resources.  The economic signals, while correct 
given the design of the ERCOT market, create a level 
of volatility, uncertainty, and risk that investors must 
price into their analysis of potential investments. 

Consumers are looking to the electric market to 
provide a reliable (and resilient) product at a 
reasonable price.  Investors are looking to identify 
assets located in markets where outcomes, even if 
uncertain as a function of, for instance, weather, are 
none the less statistically forecastable and not unduly 
volatile if they are to provide a cost-effective product. 
The challenge of the market is to be able to identify 
the value of reliability (resource adequacy) on a 
continuous basis rather than only episodically.  We 
recognize through Locational Marginal Pricing (LMP) 
that the cost to provide, therefore the value to consume 
electricity varies with time and locations.  The same 
concept exists for the value of resource adequacy, i.e., 
consumers should pay for adequacy as a function of 
the value they place on the basic product, electricity. 
Suppliers should be paid for their contribution to 
provision of adequacy.  This creates a market of 
willing buyers and sellers at an agreed price.  The 
question is how to arrive at that price both in time and 
space (as in LMP). 

(https://www.ercot.com/files/docs/2020/11/05/SARA-

FinalWinter2020-2021.xlsx)  
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A U.S. Department of Energy, ARPA-E 
PERFORM project on Stochastic Nodal Adequacy 
Pricing (SNAP) has developed a modeling platform 
that stochastically forecasts the probability of resource 
inadequacy based on the development of a large 
number of probabilistic hourly forecasts of weather 
and electric system operations over the next several 
days (the prediction horizon). Given the unresolved 
weather uncertainty over the prediction horizon, 
probabilistic forecasts use the most information 
practically available at the time of the forecast. 
Modeled system operational uncertainties include 
random generation and transmission outages, that 
might occur over the prediction horizon and could be 
random and independent of weather conditions or be 
weather driven.   

SNAP combines advanced atmospheric science 
with modern electrical engineering, optimization, and 
high performance computing to compute locationally 
distributed hourly probabilistic measures of system 
inadequacy for the prediction horizon. These measures 
can then be transformed into Stochastic Nodal 
Adequacy Prices (SNAPs) akin to LMPs that are both 
nodal and temporal to be paid to suppliers and charged 
to consumers.33 SNAP differs from both Operating 
Reserve Demand Curves (e.g., ERCOT and PJM) and 
Staff’s proposed scarcity price functions in that it 
continuously calculates the forward-looking statistical 
probability of inadequacy for a given hour and 
location and updates prices on a day-ahead or more 
frequent basis as opposed to utilizing fixed scarcity 
functions that are not grounded in market 
fundamentals, do not fully reflect the physical and 
engineering state of the system, and provide less 
accurate representations of risk. This stochastic 
approach is designed to provide investors consistent 
and predictable compensation based on their 
contributions to reducing reliability risks.34 
Moreover, charging customers stochastic nodal 
adequacy prices along with energy prices gives 
customers the opportunity to respond to changing 
time- and location-specific reliability risks.  SNAP 
pricing provides investors, project developers and 
consumers alike a much more precise and powerful 
economic signal than rigid capacity prices or largely 
inaccurate ORDC-based scarcity payments. 

For the supplier of energy, the SNAP 
methodology provides a statistically calculable 

33 In the original work of Schweppe et al Spot Pricing of Electricity 
(Kluwer 1989) this concept was referred to as the Quality of 
Supply component that was added to the marginal nodal cost of 
energy to reflect the value to consumers of reliability. 
34 2022 IEEE Power & Energy society General Meeting, “Tabors, 
R and Rudkevich A “Stochastic Nodal Adequacy Pricing (SNAP) 
Spot Pricing of Reliability,” Denver, CO July 2022. eCF Paper Id: 
22PESGM3856-ZyMruyPaL 

probability of revenue and its variability.  For the 
consumer it provides an opportunity to choose and be 
charged for the level or reliability that meets their 
needs. 

7. Creating Resilient Systems

Increasingly frequent extreme weather events,
interruptions of gas supplies for power generation, 
multi-day periods of limited wind and sunlight in 
systems that rely on renewable resources, and cyber-
physical attacks are common mode events that can 
produce long-duration, widespread disruptions in the 
provision of electric power and other critical services. 
The scope and scale of the impacts requires greater 
attention to system resilience. 

FERC and the National Infrastructure Advisory 
Council (NIAC) have defined resilience as, “The 
ability to withstand and reduce the magnitude and/or 
duration of disruptive events, which includes the 
capability to anticipate, absorb, adapt to, and/or 
rapidly recover from such an event.”35  The NIAC 
provided a framework for evaluating the resilience of 
critical infrastructures, illustrated in the diagram 
below.36  

Figure 3: NIAC Resilience Construct 

Others have proposed similar multi-part frameworks 
to describe resilient infrastructures and power systems 
that can absorb, adapt, and recover from the impact of 
disruptive events.37 

In the context of common mode events, resilience 
is not simply a function of hardening or adding 
redundant assets. A power system also can become 
more resilient by avoiding reliance on difficult to 
replace single points of failure and developing the 
capability to isolate faults, reroute power around failed 
components, offer basic levels of service on islanded 
circuits, and maintain power to critical facilities. 
Resilient systems can innovate during an event by 
redeploying existing resources, for example, using 
electric school buses as mobile power stations.38  They 

35 FERC 2018; NIAC 2010. 
36 NIAC 2010. 
37 Flynn 2008; Francis and Bekera 2014; Panteli, Trakas, 
Mancarella, and Hatziargyriou 2017; Kemabonta, and Mowry. 
2021; Kemabonta 2021. 
38 Shahan 2020. 
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will value flexibility. Given an intelligent control 
system, a backup generator or battery storage unit 
might help maintain service to a critical facility or on 
an islanded circuit during the event and later assist in 
reenergizing adjacent portions of the grid.   

The National Academies’ Committee on 
Enhancing the Resilience of the Nation’s Electric 
Power Transmission and Distribution System 
identified the key distinction between reliability and 
resilience, finding that, “Resilience is not the same as 
reliability. While minimizing the likelihood of large-
area, long-duration outages is important, a resilient 
system is one that acknowledges that such outages can 
occur, prepares to deal with them, minimizes their 
impact when they occur, is able to restore service 
quickly, and draws lessons from the experience to 
improve performance in the future.”39   

Resilience ideally would be measured from the 
customer's perspective, considering customer costs 
and societal impacts.  EPRI has been developing a 
framework for evaluating the physical and financial 
consequences of extended outages to determine how 
customers value resilience and monetize the resilience 
value of utility investments.40  Additional research is 
needed to evaluate how customer and societal costs 
change in widespread, long-duration outages. 

In response to Presidential Policy Directive 21 on 
Critical Infrastructure Security and Resilience 
(February 12, 2013), Sandia National Laboratories 
recommended a risk-based framework reflecting 
disturbance(s) or threat(s) and their consequences in 
terms of social effects and system performance.  It 
proposed developing resilience metrics represented as 
probability density functions of consequences that 
may result from one or more threats.41  The 
development of probability density functions and 
economic valuations for the risk of outages would 
represent a fundamental shift from NERC’s existing 
resource adequacy criteria that focus on expected 
values and do not include customer or societal costs.42 

In reviewing utility integrated resource plans 
(IRPs) and ISOs/RTOs supply planning, we have 
found very only limited consideration of common 
mode events beyond concerns about fuel supply. 
Individual utilities such as Commonwealth Edison and 
states such as California have considered or are 
requesting that utilities consider common mode events 
in their resource adequacy calculations.  Resilience is 
occasionally mentioned and included as a qualitative 
metric, such as reliance on markets for energy and 
capacity,43 or fuel diversity. ISOs/RTOs that have 

39 National Academies of Sciences, Engineering, and Medicine 
2017. 
40 Roark 2018; Ela, Entriken, Hytowitz, Singhvi, and Vittal. 2020 
41 Watson, et al. 2014. 
42 Ibid. 

capacity markets have made adjustments in recent 
years to require gas-fired plants with a capacity 
responsibility also have firm gas or a short-term 
alternative fuel supply. Also, in the three northeastern 
ISOs, capacity delivery requirements have been 
extended to the winter.  

ISOs/RTOs reported their resilience concerns in 
FERC’s grid reliability and resilience pricing docket 
(AD18-7). The concerns reported largely reflected 
geographic differences. Four RTO's reported gas 
related concerns; SPP reported concerns about 
coordinating large amounts of renewable resources; 
and California ISO reported concerns related to fire, 
earthquakes, drought, and changing weather 
conditions.44  Some of these concerns extend to issues 
outside the RTO’s scope of operations.  

Resilience requires a broad systems approach to 
plan and prepare for addressing region-specific risks. 
Planning should identify and prioritize services that 
are critical to the maintaining public health, safety, and 
the basic functioning of the community.  Planning 
should involve relevant government authorities and 
providers of other critical services and reflect 
community input.45  Critical services may not be 
limited police, fire, hospitals, and communications. 
For example, community cooling centers can play a 
critical role in minimizing the health impacts of a 
prolonged heat wave.  A power outage that coincides 
with a heatwave in an urban area could leave hundreds 
of thousands exposed to dangerous temperatures. 
Although many cities designate cooling centers for 
those without air conditioning, such centers often have 
the capacity to serve less than 2% of a city’s 
population and may not have backup power supplies.46 

Developing a more resilient power system may 
start by creating microgrids or using distributed energy 
resources to maintain power at a range of critical 
facilities.  However, adapting to a changing climate 
may require more fundamental changes in the 
structure and operation of power systems.  With the 
knowledge that extreme weather will periodically 
degrade the power system, the system architecture 
may need to evolve into a layered system with defined 
relationships between bulk power, distribution, and 
smaller circuit level segments; fractal zones that both 
balance supply and demand in an islanded mode and 
can participate in the larger grid; and autonomous 
operations that combine distributed control and 
locational pricing to balance variations in demand and 
resource availability both locally and when 
interconnected to the larger grid.47   

43 Indianapolis Power and Light 2016. 
44 Hytowitz et al. 2019. 
45 McAllister 2015; McAllister 2015a. 
46 Flavelle 2021. 
47 Kroposki et al. 2020; Miller et al. 2014. 
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8. Looking forward to Summer and
beyond conditions in 2022

The NERC 2022 Summer Reliability Assessment
presents a mixed but generally harsh forecast of 
summer conditions particularly in the Midwest and 
West.   

 “Midcontinent ISO (MISO) faces a capacity
shortfall in its North and Central areas, resulting
in high risk of energy emergencies during peak
summer conditions

 “Drought conditions create heightened reliability
risk for the summer.
 “Energy output from hydro generators

throughout most of the Western United States
is being affected by widespread drought and
below-normal snowpack

 “Extreme drought across much of Texas can
produce weather conditions that are favorable
to prolonged, wide-area heat events and
extreme peak electricity demand.

 “As drought conditions continue over the
Missouri River Basin, output from thermal
generators that use the Missouri River for
cooling in Southwest Power Pool (SPP) may
be affected in summer months.

 “All other areas have sufficient resources to
manage normal summer peak demand and are at
low risk of energy shortfalls from more extreme
demand or generation outage conditions.”48

By contrast, the popular press (CNN) in June of
2022 has challenged the conclusion that “all other 
areas have sufficient resources…”  

“As heat ramps up ahead of what forecasters say 
will be a hotter than normal summer, electricity 
experts and officials are warning that states may not 
have enough power to meet demand in the coming 
months. And many of the nation's grid operators are 
also not taking climate change into account in their 
planning, even as extreme weather becomes more 
frequent and more severe. 

“All of this suggests that more power outages are 
on the way, not only this summer but in the coming 
years as well. 

“Power operators in the Central US, in 
their summer readiness report, have already predicted 
"insufficient firm resources to cover summer peak 

48 NERC, 2022 Summer Reliability Assessment, June 2022 
49 Energy experts sound alarm about US electric grid: 'It's not 
designed to withstand the impacts of climate change' - CNN 

forecasts." That assessment accounted for historical 
weather and the latest NOAA outlook that projects for 
more extreme weather this summer. 

“But energy experts tell CNN that some power 
grid operators are not considering how the climate 
crisis is changing our weather — including more 
frequent extreme events — and that is a problem if the 
intent is to build a reliable power grid.  

"The reality is the electricity system is old and a 
lot of the infrastructure was built before we started 
thinking about climate change," said Romany Webb, a 
researcher at Columbia University's Sabin Center for 
Climate Change Law. "It's not designed to withstand 
the impacts of climate change."49 

9. Conclusions

Extreme Weather is a challenge that has yet to be
effectively addressed by the electric power industry as 
it looks to assure resource adequacy at times of system 
stress, independent of when those periods may occur 
throughout the year.   

While there are no simple answers, the 
conclusions of the authors are that: 
 The industry must plan for the reality of increased

frequency, intensity, duration, and geographic
scope of extreme weather events. Those
responsible for resource adequacy will need to
address region-specific risks of extreme weather,
including events outside of historical experience;
use long-range scenario planning and short-term
probabilistic forecasts; and take steps to manage
and mitigate potential adverse impacts.

 The industry will further need to modify the way
it undertakes the process of resource planning and
considers the adequacy metrics that it uses to
incorporate common mode events. The events
themselves (and the renewable resource output
that will make up a greater proportion of physical
assets) are stochastic.  This will require the
development of stochastic planning methods and
resource adequacy metrics that are based on
customer costs, incorporate the risk of common
mode events, and focus attention on how to avoid
or mitigate the cost of adverse events should they
materialize.

 Today, and for the near-term future, the power
system will rely on natural gas as its principal
fossil fuel source on average and at the margin.
To do so effectively and reliability will require
consistent regulation of the reliability of gas
systems, comparable to the enforceable standards
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and oversight NERC helps provide for electricity; 
availability of the gas system data needed to 
assess gas fuel supply risks; and gas spot markets 
that are co-optimized with ISO/RTO markets and 
real-time power system operations to enable gas 
generation to balance the variability of 
renewables and rapidly respond to power system 
requirements during high impact events. 

 Development of resilient systems will become an
even more critical part of the planning and
implementation structure of the industry.
Following FERC’s definition of resilience as
including the capability to anticipate, absorb,
adapt to, and/or rapidly recover from disruptive
events, there is a need for utilities to have from
better resilience metrics; broad participation in
resilience planning, and changes in the structure
and operation of power systems that reflect
greater resilience.

 Finally, there is significant need for the redesign
of power markets to better compensate resources
and flexible demand for reducing the probability
of outages.  Moving toward stochastic nodal
adequacy pricing based on portfolio weather
forecasts that can provide accurate and consistent
compensation for the diverse resources that
contribute to maintaining resource adequacy will
provide a highly desirable point of departure.

References: 

Abatzoglou, j., C. Smith, D. Swain, T. Ptak, and C. 
Kolden. 2020. ”Population Exposure to pre-emptive 
de-energization aimed at averting wildfires in 
Northern California, Environ. Res. Lett. Vl 15, No. 9. 

Aldhous, P., S. Lee, and Z. Hirji. 2021. “The Texas 
Winter Storm and Power Outages Killed Hundreds 
More People Than the State Says,” Buzzfeed News. 
(May 26, 2021).  Available at: 
https://www.buzzfeednews.com/article/peteraldhous/t
exas-winter-storm-power-outage-death-toll; see also: 
https://buzzfeednews.github.io/2021-05-tx-winter-
storm-deaths/.   

Brockway, A. and L. Dunn. 2020. “Weathering 
adaptation: Grid infrastructure planning in a changing 
climate,” Climate Risk Management. 30: 100256. 

California Independent System Operator, California 
Public Utilities Commission, and California Energy 
Commission. 2020. Preliminary Root Cause Analysis: 
Mid-August 2020 Heat Storm. (October 6, 2020). 

City of San Antonio. 2021. Community Emergency 
Preparedness Committee Report: A Response to the 
February 2021 Winter Storm. (June 24, 2021). 

Cohen, J., K. Pfeiffer, and J. Francis. 2018. “Warm 
Arctic episodes linked with increased frequency of 
extreme winter weather in the United States,” Nature 
Communications. 9:869. 

Cohen, J., L. Agel, M. Barlow, C. Garfinkel, and I. 
White. 2021. “Linking Arctic variability and change 
with extreme winter weather in the United State,” 
Science. Vol. 373, No. 6559. (September 2021). 

Craig, M., S. Cohen, J. Macknick, C. Draxl, O. Guerra, 
M. Sengupta, S. Haupt, B. Hodge, and C. Brancucci.
2018. “A review of the potential impacts of climate
change on bulk power system planning and operations
in the United States,” Renewable and Sustainable
Energy Reviews. Volume 98. (December 2018).

Dale, L., M. Carnall, M. Wei, G. Fitts, and S 
MacDonald. 2018. Assessing the Impact of Wildfires 
on the California Electricity Grid: California’s Fourth 
Climate Change Assessment. Berkeley, CA: Lawrence 
Berkeley National Laboratory. 

Doss-Gollin, J., D. Farnham, U. Lall, and V. Modi. 
2021. “How unprecedented was the February 2022 
Texas Cold Snap?,” Environmental Research Letters. 
16:064056 (June 2021). 

Douglas, E. 2021. “Texas was ‘seconds and minutes’ 
away from catastrophic months long blackouts, 
officials say,” Texas Tribune. (February 18, 2021). 
Available at: 
https://www.texastribune.org/2021/02/18/texas-
power-outages-ercot/.  

Ela, E., R. Entriken, R. Hytowitz, V. Singhvi, and E. 
Vittal. 2020. Power System Supply Resilience: The 
Need for Definitions and Metrics in Decision-Making. 
Palo Alto, CA: EPRI (August 2020). 

ERCOT. 2020. Final Seasonal Assessment of 
Resource Adequacy. (November 2020). 

Fann, N., B. Alman, R. Broome, G. Morgan, F. 
Johnson, G. Pouliot, and A. Rappold. 2018. ”The 
Health impacts and economic value of wildfire 
episodes in the U.S. 2008-12,” Sci. Total Environ. 
610-611: 802-809 (January 1, 2018).

Federal Energy Regulatory Commission. 2018. Grid 
Reliability and Resilience Pricing and Grid Resilience 
in Regional Transmission Organizations and 

Page 2721



Independent System Operators, 162 FERC ¶ 61,012, 
at P 23 (2018). 

Federal Energy Regulatory Commission, North 
American Electric Reliability Corporation, and 
Regional Entities (2021). February 2021 Cold 
Weather Grid Operations: Preliminary Findings and 
Recommendations. Joint Staff Inquiry. (September 
2021). 

Federal Energy Regulatory Commission and North 
American Electric Reliability Corporation (2021a). 
The February 2021 Cold Weather Outages in Texas 
and the South Central United States. FERC – NERC – 
Regional Entity Staff Report. (November 2021). 

Flavelle, C. 2021. “A New, Deadly Risk for Cities in 
Summer: Power Failures During Heat Waves,” The 
New York Times. (July 2, 2021). 

Flynn, S. 2008. “America the resilient: Defying 
terrorism and mitigating natural disasters,” Foreign 
Affairs. 87: 2–8. 

Francis, R. and B. Bekera. 2014. “A metric and 
frameworks for resilience analysis of engineered and 
infrastructure systems,” Reliability Engineering and 
Safety Systems. 121, 90 – 103. 

Freeman, G., J. Apt, and J. Moura. 2020. “What causes 
natural gas fuel shortages at U.S. power plants?,” 
Energy Policy. Vol. 147, 111805. (December 2020). 

Gearino, D. 2021. “Inside Clean Energy: Drought is 
Causing U.S. Hydropower to Have a Rough Year.  Is 
This a Sign of a Long-Term Shift? ,” Inside Climate 
News. (October 21, 2021). 

Golding, G., A. Kumar, and K. Mertens. 2021. Cost of 
Texas’ 2021 Deep Freeze Justifies Weatherization. 
Dallas, TX: Federal Reserve Bank of Dallas. 

Hulley, G., B. Dousset, and B. Kahn. 2020. “Rising 
Trends in Heatwave Metrics Across Southern 
California,” Earth’s Future. 8. (May 2020). 

Hytowitz R., E. Ela, B. Entriken, and V. Singhvi. 
2019. Power System Supply Resilience: 
Incorporating Supply Resilience into Resource 
Planning. Palo Alto, CA: Electric Power Research 
Institute. EPRI Seminar on Fuels, Power Markets, 
and Resource Planning. (November 13, 2019). 

Indianapolis Power and Light. 2016. 2016 
Integrated Resource Plan. 

Intergovernmental Panel on Climate Change. 2021. 
“Summary for Policymakers,” Climate Change 2021: 
The Physical Science Basis. Contribution of Working 
Group I to the Sixth Assessment Report. Masson-
Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. 
Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. 
Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. 
Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, 
R. Yu and B. Zhou (eds.). Cambridge, U.K.:
Cambridge University Press. SPM-11.

Kemabonta, T. and G. Mowry. 2021. “A syncretistic 
approach to grid reliability and resilience: 
investigations from Minnesota,” Energy Strategy Rev. 
38, 100726. 

Kemabonta, T. 2021. “Grid Resilience analysis and 
planning of electric power systems: The case of the 
2021 Texas electricity crises caused by winter storm 
Uri,” The Electricity Journal. 34, 107044. (December 
2021). 

King, C., J. Rhodes, J. Zarnikau, and N. Lin. 2021. The 
Timeline and Events of the February 2021 Texas 
Electric Grid Blackouts. Austin, TX: The University 
of Texas at Austin. Report by a committee of faculty 
and staff at The University of Texas at Austin. 

Kroposki, B., A. Bernstein, J. King, D. Vaidhynathan, 
X. Zhou, C. Chang, and E. Dall’Anese. 2020.
“Autonomous Energy Grids: Controlling the Future
Grid with Large Amounts of Distributed Energy
Resources,” IEEE Power & Energy Magazine.
(November / December 2020).

Lepore, C., R. Abernathey, N. Henderson, J. Allen, 
and M. Tippett. 2021. “Future Global Convective 
Environments in CMIP6 Models,” Earth’s Future. 
(November 2021). 

Li, L., and P. Chakraborty. 2020. “Slower decay of 
landfalling hurricanes in a warming world,” Nature, 
Vol. 587. 

Magness, B. 2021. Review of February 2021 Extreme 
Cold Weather Event – ERCOT Presentation. Before 
Texas Legislative Hearings: Senate Business and 
Commerce Committee and House Joint Committee on 
State Affairs and Energy Resources. (February 25, 
2021). 

McAllister, T. 2015. Community Resilience Planning 
Guide for Buildings and Infrastructure Systems, 
Volume I, Special Publication. Gaithersburg, MD: 
National Institute of Standards and Technology, 

Page 2722



Available at: 
https://doi.org/10.6028/NIST.SP.1190v1. 

McAllister, T. 2015a. Community Resilience Planning 
Guide for Buildings and Infrastructure Systems, 
Volume II, Special Publication. Gaithersburg, MD: 
National Institute of Standards and Technology, 
Available at: 
https://doi.org/10.6028/NIST.SP.1190v2.   

Miller, C., M. Martin, D. Pinney, and G. Walker. 2014. 
Achieving a Resilient and Agile Grid. Arlington, VA: 
National Rural Electric Cooperative Association. 

Mulkern, A. 2021. “Soaring Temperatures and 
Wildfire Threaten California’s Power Grid,” E&E 
News. (July 12, 2021). 

National Academies of Sciences, Engineering, and 
Medicine. 2016. The Power of Change: Innovation for 
Development and Deployment of Increasingly Clean 
Electric Power Technologies. Washington, DC: The 
National Academies Press. 
https://doi.org/10.17226/21712. 

National Academies of Sciences, Engineering, and 
Medicine 2017. Enhancing the Resilience of the 
Nation's Electricity System. Washington, DC: The 
National Academies Press. 

National Academies of Sciences, Engineering, and 
Medicine. 2021. The Future of Electric Power in the 
United States. Washington, DC: The National 
Academies Press. https://doi.org/10.17226/25968. 

National Academies of Sciences, Engineering, and 
Medicine. 2021a. Accelerating Decarbonization of the 
U.S. Energy System. Washington, DC: The National 
Academies Press. https://doi.org/10.17226/25932. 
National Infrastructure Advisory Council (NIAC). 
2010. A Framework for Establishing Critical 
Infrastructure Resilience Goals: Final Report and 
Recommendations by the Council. 

National Oceanographic and Atmospheric 
Administration. 2022. Time Series: U.S. Billion-
Dollar Disaster Events 1980-2021. (January 10, 
2022). Downloaded at: 
https://www.ncdc.noaa.gov/billions/time-series.   

North American Electric Reliability Corporation 
(2021). 2021 Long-Term Reliability Assessment. 
Atlanta, GA: NERC. (December 2021). 

Panteli, M. D. Trakas, P. Mancarella, and N. 
Hatziargyriou. 2017. “Power systems resilience 

assessment: hardening and smart operational 
enhancement strategies,” Proceedings IEEE. 105 (7), 
1202-1213. 

Patel, K. 2018. Six trends to know about fire season in 
the western U.S. (December 5, 2018). Available at: 
https://climate.nasa.gov/ask-nasa-climate/2830/six-
trends-to-know-about-fire-season-in-the-western-us/. 

Philip, S. Y., S. F. Kew, G. J. van Oldenborgh, W. 
Yang, G. A. Vecchi, and F. S. Anslow. 2021. “Rapid 
attribution analysis of the extraordinary heatwave on 
the Pacific Coast of the US and Canada June 2021,” 
Earth Science Dynamics. (November 12, 2021). 

Rand, J., M. Bolinger, R. Wiser, and S. Jeong. 2021. 
Queued Up: Characteristics of Power Plants Seeking 
Transmission Interconnection as of the End of 2020. 
Berkeley, CA: Lawrence Berkeley National 
Laboratory (May 2021). 

Rickerson, W. 2021. Letter to Members of the Texas 
Senate and Texas House of Representatives, Re: 
Generator Outages During February 2021 Cold 
Weather Event. Taylor, TX: ERCOT (March 4, 2021). 

Roark, J. 2018. “Evaluating Methods of Estimating the 
Cost of Long-Duration Power Outages,” Frontier in 
the Economics of Widespread, Long-Duration Power 
Interruptions: Proceedings from an Expert Workshop. 
P. Larsen, A. Sanstad, K. LaCommare, and J. Eto,
Editors. Berkeley, CA: Lawrence Berkeley National
Laboratory (January 2019).

Rogers, C., K. Kornuber, S. Perkins-Kilpatrick, P. 
Loikith, and D. Singh. 2021. “Six-fold increase in 
historical Northern Hemisphere concurrent large 
heatwaves driven by warming and changing 
atmospheric circulations,” Journal of Climate. (Nov. 
3, 2021). 

Schumacher, R. and K. Rasmussen. 2020. “The 
formation, character and changing nature of mesoscale 
convective systems,” Nature Reviews Earth and 
Environment. 1, 300-314 (2020). 

Shahan, C. 2020. “Largest Electric School Bus 
Program in United States Launching in Virginia,” 
Clean Technica. (January 12, 2020). Available at: 
https://cleantechnica.com/2020/01/12/largest-electric-
school-bus-program-in-united-states-launching-in-
virginia/.  

Shindell, D., Y. Zhang, M. Scott, M. Ru, K. Stark, and 
K. Ebi. 2020. “The Effects of Heat Exposure on

Page 2723



Human Mortality Throughout the United States,” 
Geohealth. 4(4) (April 2020). 

Smart Electric Power Alliance. 2021. Utility Carbon-
reduction Tracker. Available at: 
https://sepapower.org/utility-transformation-
challenge/utility-carbon-reduction-tracker/.  

Smith, M. 2021. “Water, power suppliers ask for lower 
demand,” The Cross Timbers Gazette. (February 16. 
2021). 

Stone, B. Jr, E. Mallen, M. Rajput, C. Gronlund, A. 
Broadbent, E. Krayenhoff, G. Augenbroe, M. O'Neill, 
and M. Georgescu. 2021. “Compound Climate and 
Infrastructure Events: How Electrical Grid Failure 
Alters Heat Wave Risk,” Environ. Sci. Technol. 2021 
May 18; 55(10):6957-6964. 

Taft, J. 2017. Electric Grid Resilience and Reliability 
for Grid Architecture. Richland, WA: Pacific 
Northwest National Laboratory. (November 2017). 

Texas Department of State Health Services. 2021. 
Winter Storm-Related Deaths. April 28, 2021. 
Available at: 
https://web.archive.org/web/20210526151612/https://
dshs.texas.gov/news/updates.shtm#wn 

Union of Concerned Scientists. 2020. Infographic: 
Wildfires and Climate Change. (Sept. 8, 2020). 
Available at: 
https://www.ucsusa.org/resources/infographic-
wildfires-and-climate-change. 

U.S. Energy Information Administration. 2014 – 
2021. Form 861 Data: Reliability – for the years 2013 
– 2020.

U.S. Energy Information Administration. 2020. Smoke 
from California wildfires decreases solar generation 
in CAISO. (Sept. 30, 2020).  

U.S. Energy Information Administration. 2021. 
Hurricane Ida caused at least 1.2 million electricity 
customers to lose power. (September 15, 2021). 

Watson, J-P, R. Guttromsom, C. Silva-Monroy, R. 
Jeffers, K. Jones, J. Ellison, C. Rath, J. Gearhart, D. 
Jones, T. Corbett, C. Hanley, and L. Walker. 2014. 
Conceptual Framework for Developing Resilience 
Metric for the Electricity, Oil and Gas Sectors in the 
United States. Albuquerque, NM: Sandia National 
Laboratories, SAND2014-18019. 

Weber, A. 2021. “Texas Winter Storm Toll Goes Up 
to 210, Including 43 Deaths in Harris County, “ 
Houston Public Media (July 14, 2021).  Available at: 
https://www.houstonpublicmedia.org/articles/news/e
nergy-environment/2021/07/14/403191/texas-winter-
storm-death-toll-goes-up-to-210-including-43-deaths-
in-harris-county/. 

Westerling, A., H. Hidalgo, D. Cayan, and T. 
Swetnam. 2006. “Warming and Earlier Spring 
Increase Western U.S. Forest Wildfire Activity,” 
Science. Vol. 313, Issue 5789 (August 18, 2006). 

Williams, A., E. Cook, J. Smerdon, B. Cook, J. 
Abatzoglou, K. Bolles, S. Baek, A. Badger, and B. 
Livneh. 2020. “Large contribution from anthropogenic 
warming to an emerging North American 
megadrought,” Science. Vol 368, No. 6488. (April 17, 
2020). 

Wood III, P., R. Gee, J. Walsh, B. Perlman, B. Klein, 
and A. Silverstein. 2021. Never Again: How to Prevent 
Another Major Texas Electricity Failure. Austin, TX: 
Cynthia & George Mitchell Foundation. Report by 
former Texas regulators. (June 3, 2021). 

Page 2724


