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ARTICLE INFO ABSTRACT

Keywords: The Texas freeze of February 2021 left more than 4.5 million customers (more than 10 million people) without
Energy systems electricity at its peak, some for several days. The freeze had cascading effects on other services reliant upon
Electricity electricity including drinking water treatment and medical services. Economic losses from lost output and
;{:zggence damage are estimated to be $130 billion in Texas alone. In the wake of the freeze, there has been major fallout

among regulators and utilities as actors sought to apportion blame and utilities and generators began to settle up
accounts. This piece offers a retrospective on what caused the blackouts and the knock-on effects on other
services, the subsequent financial and political effects of the freeze, and the implications for Texas and the
country going forward. Texas failed to sufficiently winterize its electricity and gas systems after 2011. Feedback
between failures in the two systems made the situation worse. Overall, the state faced outages of 30 GW of
electricity as demand reached unprecedented highs. The gap between production and demand forced the non-
profit grid manager, the Electric Reliability Council of Texas (ERCOT), to cut off supply to millions of cus-
tomers or face a systems collapse that by some accounts was minutes away. The 2021 freeze suggests a need to
rethink the state’s regulatory approach to energy to avoid future such outcomes. Weatherization, demand
response, and expanded interstate interconnections are potential solutions Texas should consider to avoid gen-
eration losses, reduce demand, and tap neighboring states’ capacity.

1. Introduction

When Winter Storm Uri struck Texas in February 2021, more than
4.5 million households (roughly 10 million Texans) were left without
electricity at its peak, some for several days [1]. What locals called “the
Texas freeze” had cascading effects on other services reliant upon
electricity including drinking water treatment and medical services [2].
With temperatures plunging inside people’s homes, some took shelter
with friends and family despite the COVID-19 pandemic or sought
temporary refuge at warming stations. Others took extraordinary mea-
sures to try to warm themselves — using their ovens to heat their homes
or burned fences and furniture for warmth — which led to carbon mon-
oxide poisoning and home fires. As of March 2021, at least 111 people
are known to have died during the freeze [3]. AccuWeather estimated
economic losses from lost output and damage to be $130 billion in Texas
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alone and $155 billion for the country as a whole [4].

Prior to the freeze of February 2021, Texas’ largely self-contained
electric grid was seen by some as a model of efficiency, with a combi-
nation of smart market design, light regulation, and the ability to
combine firm baseload power and large amounts of wind energy from
far-flung parts of the state [5,6]. The 2021 freeze shook confidence in
that model.

While previous cold weather events had affected the state, including
severe freezes in 1989, 2003, and 2011, none affected as many people or
were as long-lasting. So, what went wrong?

Months after the event, we can offer a more comprehensive retro-
spective on what caused the blackouts and the knock-on effects on other
services, the subsequent financial and political effects of the freeze, and
the implications for Texas and the country going forward. These are
especially important questions in the midst of a worsening climate crisis
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and the need to pursue a clean energy transition.

What follows is (1) a summary of core observations, (2) a review of
why the outages were so severe, (3) how to apportion responsibility for
the failure, and (4) what steps could be taken to ensure that weather-
related energy crises do not lead to catastrophic outcomes in Texas
again. We conclude with lessons that can be applied more broadly.

2. Summary observations

Texas failed to sufficiently winterize its electricity and gas systems
after 2011, and the feedback between failures in the two systems made
the situation worse.

At its depth, gas production declined by nearly 50% [7], which
lowered pressure in the pipelines, making it harder for power plants
fueled by natural gas to operate. Overall, the state faced outages of 30
GW of electricity as demand reached unprecedented highs [8]. Other
sources of electricity — nuclear, coal, and wind - also suffered from
supply disruptions but these were smaller than the loss of generating
capacity from gas power plants.

The gap between production and demand forced the non-profit grid
manager, the Electric Reliability Council of Texas (ERCOT), to cut off
supply to millions of customers or face a systems collapse that by some
accounts was minutes away [9]. The fact that most of Texas is part of the
ERCOT grid and by design is largely disconnected from neighboring
grids meant that Texas could only import a very limited amount of
excess electricity from its neighbors (see Fig. 1).

While the physical effects on families were shocking and severe, the
financial repercussions will last decades as ratepayers may be saddled
with some $50 billion in power bills as prices spiked to encourage more
production to come on-line. There were also unexpected gas bills, likely
in the billions, for gas utilities but that total amount is difficult to esti-
mate at this time. Multiple high-profile lawsuits are underway chal-
lenging these bills and there will be efforts to shield consumers from
having to pay exorbitant prices and utilities from being saddled with
crippling debts.

With climate change continuing, it is reasonable to expect Texas
could face more frequent and intense extreme weather events, further
straining the system unless planners prepare appropriately. This un-
derlying context is relevant for other regions. As Webber argued, “The
experience in Texas should be a warning to other states: If an energy-
abundant, rich state that likes to invest in infrastructure can suffer a
significant energy crisis, then it can happen anywhere” [10].

3. Why were the outages so severe?
3.1. What happened

Severe, but not unprecedented, cold weather led to a spike in energy
demand. Temperatures in Austin, for example, dropped from 32°F (0
°C) on February 11th, to just below freezing on the 12th and 13th, before
plummeting to 14°F (—10 °C) on Sunday the 14th, and declining to 6°F
(—14 °C) on the 15th. Shortly after midnight on the 15th, 8000 MW of
gas power plants shut down because of fuel shortages or freezing
equipment and 2000 MW of wind went offline due to low winds, frozen
equipment such as substations, or precipitation that caused ice forma-
tion on turbine blades [13]. With projected demand significantly
exceeding supply, ERCOT ordered firm load shed (blackouts) on Monday
the 15th at 1:25am to prevent the collapse of the grid (see Fig. 2 below)
[8,14]. As Bartholomew noted, the state’s extreme winter planning
scenario estimated at most 14 GW of outages, but by Monday morning,
more than 30 GW of generating capacity was unavailable [15].

! There have been other cold spells of similar magnitude. While 1989 and
2011 are frequently mentioned, December 1983 and February 1985 were also
comparable cold periods.[11], [12]
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Texas gets most of its electricity from natural gas (46% in 2020), with
smaller shares provided by wind and coal (23 and 18% respectively),
followed by nuclear (11%), solar (2%), and marginal contributions from
hydroelectric and biomass [16].

While wind power provides more than 20% of the state’s electricity
needs over the course of the year, it is a resource whose availability
changes by location, time of day and time of year. As such, grid opera-
tors use seasonal expectations for wind’s contribution to grid generating
capacity for their reliability planning. The forecast for this period sug-
gested wind production would only provide about 7% of the state’s
power demand [17], with an expected hourly output of 6.1 GW for wind
compared to the installed capacity of 28 GW. Knowing this, ERCOT did
not plan for much generation from wind during this period.

Natural gas, coal, and nuclear were expected to serve as the firm
baseload power that could be relied upon. However, that proved not to
be the case, particularly for gas-powered electricity, though all fuel
sources faced some challenges from the winter weather. Electricity
generation and gas supply problems contributed to severe shortfalls of
both electricity and gas. For much of the crisis, load shed was around
15-20 GW, about a quarter of the projected peak electricity demand
during the winter peak. Around 30 GW of gas, coal, and nuclear were
offline during the crisis [18].

Based on ERCOT’s 2020 seasonal winter resource adequacy assess-
ment [19], Shaffer calculated the performance of different fuel sources
during the 4-day freeze period (3/15-3/19) compared to their expected
winter capacity as well as an extreme scenario [75]. All major fuel
sources underperformed against expectations save for solar. Natural gas
was responsible for nearly %/; of the total deficit. Gas underperformed by
37% compared to its expected output — more than 18 GW below ex-
pectations — and was 21% below the extreme scenario. Coal was 43%
below expectations and 28% below the extreme scenario. Wind was 46%
below expected but better than the extreme weather scenario. One of
Texas’ four nuclear reactors was offline for 2.5 days during the freeze
due to a feedwater pump issue [20-22], which meant that nuclear
underperformed by about 20% (see Table 1 below).

3.2. Cascading risks and correlated failures

Texas has a prominent natural gas sector that produces nearly 25% of
the country’s total and is a larger producer than every country in the
world except for Russia and the United States. In 2019, Texas consumed
just over half the gas it produced, the remainder exported out of state
[23]. Texas’ inability to supply its own needs during the 2021 winter
freeze was thus all the more striking.

In summer, nearly all the natural gas used in Texas for the com-
mercial and residential sectors is consumed indirectly from electricity
generation, but in winter, natural gas is also used to directly heat homes
and buildings in addition to supplying power plants that indirectly
provide heat with electricity. About 60 percent of Texans’ homes are
heated with electricity, the remainder mostly with gas (and propane for
a small fraction of homes) [24].

The primary culprit for the electricity system failure was problems in
electricity production from natural gas. About 40% of natural gas pro-
duction was not available during the crisis. Texas’ gas, electricity, and
water systems are inter-linked so failures in one of them can lead to
cascading effects on the others [25]. The natural gas system relies on
electricity, and the electrical system relies on gas. Thus, constrained gas
limits the ability to generate electricity and constrained electricity limits
the ability to supply gas which in turn further limits the ability to
generate power in a vicious circle. Power outages in turn can lead to
failures in the water supply [10].

Ravikumar summarized four failures in supply chains that ultimately
led to a sharp drop in electricity from gas at the height of the crisis, (1)
freezing at natural gas wells, (2) freezing of gathering lines, (3) power
outages at compressor stations, and (4) equipment malfunctions at
power plants [26]. Power plants themselves faced their own challenges
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operating in cold weather, as many power stations in the southern intentionally sign up for interruptible power contracts as a way to
United States are not contained in buildings; doing so reduces the risk of reduce their electricity bills. Furthermore, a significant number of them
overheating during warm periods but leaves them exposed during the did not fill out a short form requesting that they be identified as critical
cold [27]. infrastructure, compounding the problem. Electricity providers unwit-

One reason gas producers lost power is that many of them tingly shut power off to some gas production and processing facilities,
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Table 1

Energy Research & Social Science 77 (2021) 102106

Comparison of Fuel Sources: Expected Capacity and Actual Generation, February 15-19th.

Fuel Expected Extreme Scenario Actual Average Deficit % Deficit [From Deficit Extreme % Deficit [From Extreme
Source capacity (GW) Capacity (GW) Generation (GW) (GW) Expected Capacity] Scenario (GW) Scenario Capacity]

Gas 48.4 38.4 30.3 —-18.1 —37% 8.1 —21%

Coal 13.6 10.8 7.8 -5.8 —43% 3 —28%

Wind 7.1 1.8 3.8 -3.3 —46% -2 111%

Nuclear 5.2 4.1 4.1 -1.1 —21% 0 0%

Solar 0.3 0.3 0.77 0.47 157% —0.47 157%

Source: ERCOT data compiled by Blake Shaffer.

which reduced gas pressure further, thereby forcing more generating
capacity offline when fuel was unavailable for gas-fired electricity
plants. According to ERCOT, more than 9 GW of outages, about 20% of
the total and enough for 1.8 million homes, resulted from insufficient
gas supplies reaching power plants [28]. A similar sequence of events
had occurred in 2011, and post-event regulatory reviews had warned of
this problem’s ongoing risk, but little had been done by the gas industry
to rectify it. A number of producers entered the market since 2011 and
were unaware of the form they needed to fill out to request this desig-
nation. For example, in the midst of the freeze, Oncor, a utility, turned
on the power to 150 gas facilities in the Permian Basin after receiving
frantic calls that they had been turned off [29]. In addition, the shale
boom in the Permian mostly occurred since 2011, which exacerbated
risks: Permian gas production is highly electrified (and therefore
affected by power outages) and liquids-rich (and therefore at risk of
freeze-offs).

Another reason less capacity was available is that a number of
thermal plants were down for scheduled maintenance to take advantage
of Texas’ normally mild winters when demand is low. This schedule is
typically interpreted as good planning because it was intended to ensure
sufficient reserve in summer time. ERCOT in its seasonal winter main-
tenance schedule had forecast 4 GW of scheduled maintenance. Analysts
from Wood Mackenzie wrote that the actual amount of plants down for
outages in the week leading up to the freeze was more like 14 GW,
consistent with what happens annually in so-called “shoulder season”
when demand is light. ERCOT in the week prior to the freeze tried to
induce some plants to come back by issuing a Operating Condition
Notice, but they noted plants were unlikely to be able to secure gas on
short notice and could and did disregard the request, with 14 GW still
offline going in to Monday morning [30,31].

3.3. It could have been worse

As the crisis unfolded, demand rose rapidly to 66 GW on the after-
noon of February 14th. ERCOT’s maximum demand in its extreme
winter scenario was 67.2 GW, but in the midst of the crisis, peak gen-
eration reached 68.8 GW on February 14th and demand was forecasted
to rise to 76.8 GW on the 15th [14]. As demand rose and supply fell,
ERCOT declared an Energy Emergency Alert (EEA) Level 3 for the first
time since February 2011 and ordered load-shedding the early morning
of February 15th, which had to be ramped up as more plants and gas
facilities failed.

Because these generation shortfalls were so large, what was initially
expected to be rolling blackouts became, for many customers, including
several authors of this paper, a multi-day power outage (also known as a
“controlled outage” rather than a “rolling outage”). With available
power reserved for critical infrastructure such as hospitals and fire sta-
tions, there wasn’t enough spare capacity to rotate outages.

Demand for power has to be tightly matched to supply. Grids based
on alternating current need a frequency within a very narrow margin of
60 Hz in the U.S. to maintain stability. Below a frequency of 59 grids face
cascading blackouts that can cause the entire grid to shut down. ERCOT
thus avoided a complete shutdown which would have led to power
outages for 26 million Texans covered by the Texas grid. On the morning

of February 15, the Texas grid’s frequency declined to below 59.4 Hz for
four minutes and 23 seconds. Had it remained there for a full 9 min,
ERCOT said the grid would have collapsed, leaving much of the state in
darkness (see Fig. 3) [9,32,33]. At its peak on February 17th, nearly 49%
of the grid capacity (52.2 GW out of 107.5 GW was offline) [34].

With this close call, the entire system was within minutes of collapse,
which would have required a “black start” that could have taken days if
not weeks (or even months) to implement. To restart would require a
slow process of starting individual plants and then building the grid back
up gradually.

3.4. The impacts on Texans

Some Texans bore the brunt of the outages. At its worst, 4.5 million
metered customers experienced power outages,” including a large pro-
portion of customers in some counties around Fort Worth, Austin, and
Houston (see Fig. 4). In absolute terms, the largest numbers without
power were in Dallas, Austin, and Houston, each of which had more than
300,000 metered customers without power, about 700,000 people in
each city [17]. In advance of the freeze and throughout, communication
from state leaders about what to expect, how to prepare, and available
resources was scant at best, leaving people to suffer indefinitely while
waiting for the power and/or water to come back on [35].

While many Texans rely on electricity for heat, even those with gas-
fired furnaces were unable to heat their homes in many cases given that
modern furnaces have electric controls. Simpler gas furnaces or fire-
places with manual controls continued to work. While some were able to
take refuge with friends, family, hotels or warming stations, unplowed
and unsalted road conditions made it difficult for people to switch lo-
cations, particularly the elderly. With power and gas interruptions,
many people experienced unsafe temperatures inside their homes. Some
took dangerous steps to heat their homes, including using gas ovens,
trying to stay warm in a car (raising risks of carbon monoxide
poisoning), or indoor fires (raising risk of burns or deaths). In a state
with a significant homeless population, the impacts of the storm on
those populations were no doubt severe and difficult to quantify. Over a
hundred deaths have been documented during this period, though this is
likely an undercount.

The Texas Energy Poverty Research Institute (TEPRI) surveyed 953
Texans about what they experienced: 75% of the respondents lost power
at some point, with 33% losing power for two days or more. Only 25%
lost natural gas during this period (Texas law prioritizes residential gas
customers over industrial customers or power plants), but as noted
above, many houses heated with gas couldn’t turn the gas on because of
the loss of power. Of respondents, 27% used the oven to stay warm, 65%
had to boil water, 40% went two days or more without clean water, 30%
lost running water for two days or more, and 2% remained without
water when the survey was conducted nearly two weeks after the event.
Many households experienced significant plumbing issues with burst

2 An important point is that 4.5 million customers lost power, which is
around 10 million people/Texans. Usual rule-of-thumb is 2.5 people per
customer.
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Fig. 4. Texans Experiencing Power Outages on February 16, 2021.

pipes and water heaters, sometimes sustaining home damages at a time
when plumbers and plumbing parts were scarce. The survey shows that
15% fled to hotels, friends, family, or warming shelters, but 40% of these
shelters too lost power, water, or both. In addition, 28% reported using
their car for warmth, 20% used snow for water, 20% burned wood, and
20% had access to a generator [36].

While all socio-economic groups were affected, the storm was
especially hard on low-income families who live in older, poorly

insulated homes, with worse plumbing, and limited resources to relo-
cate, repair home damage, or replace spoiled food [37]. Low-income
people, particularly communities of color, had already been dispropor-
tionately affected by the coronavirus, in terms of the disease burden and
unemployment, so the freeze further compounded their physical well
being and finances [38]. A 2020 survey of Houstonians, for example,
found that half of Black and Latino respondents could not come up with
$400 for emergency expenses [39].
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4. The regulatory and financial fallout

In the wake of the freeze, there has been major fallout among reg-
ulators and utilities as actors sought to apportion blame and utilities and
generators began to settle up accounts. Among regulators, there has
been a spate of resignations and firings at the Public Utilities Commis-
sion of Texas and ERCOT, for example, while several companies and
utilities have declared bankruptcy.

4.1. How energy in Texas is regulated

Texas has a unique regulatory structure for energy, with oil and gas
regulation covered by a different agency (the Railroad Commission)
than electricity (Public Utility Commission of Texas), which oversees
ERCOT, whose responsibilities are specific to managing the grid that
covers most Texans’ electricity needs.” ERCOT is also unique, as it
operates with an “energy-only” market, which means power plants are
only paid if they generate electricity. Other regions have capacity
markets, where some operators are paid to have backup capacity
whether or not they run [24]. It is not clear that a capacity market would
have helped in this crisis, since 1) the additional capacity would likely
have been only a few GW (far short of the 30+ GW that was offline) and
2) extra generating capacity might not have been able to turn on given
failures of gas supplies.

While ERCOT manages the grid, the three-member Public Utility
Commission (PUC) of Texas, appointed by the governor, controls the
maximum prices generators can charge. ERCOT acts as the clearing-
house for payments from electricity buyers to electricity generators. In
addition to those that supply and buy physical energy obligations, the
ERCOT market included purely financial players, who help hedge or
provide liquidity. The Texas Railroad Commission is tasked with regu-
lating gas supplies. The Texas legislature has oversight responsibilities
and can change the rules of market and regulatory design, as it did in
1995 and 1999 to deregulate the sector. In the wake of the freeze, the
legislature has held hearings to hold actors accountable.

Because Texas has limited transmission grid interconnections with
other states, electricity generation in Texas is largely unregulated by the
Federal Energy Regulatory Commission (FERC). FERC has some over-
sight jurisdiction and issued voluntary guidance on weatherization after
a similar freeze in 2011 [40,41]. ERCOT is part of the wider North
American Electric Reliability Corporation (NERC), which like ERCOT is
a non-profit organization, that establishes voluntary guidelines for
reliability for the wider landscape of utility grids.

Despite the failures of many parts of the energy system, the power
sector and renewables received most of the scrutiny and blame early in
the aftermath of the storm, particularly by politicians. Since the freeze,
as of mid-March 2021, ERCOT’s CEO was fired and eight of fifteen
ERCOT board members resigned. All three of the PUC commissioners
have resigned. There has not been a similar response of resignations
from the Texas Railroad Commission. One Railroad Commissioner,
Wayne Christian, authored an op-ed in the Wall Street Journal blaming
Texas’ energy woes on wind power and climate policies and another
Railroad Commissioner, Christi Craddick, said natural gas was part of
the solution rather than a problem [76,77]. Four companies and utilities
declared bankruptcy shortly after the crisis subsided, including Brazos
Electric Power Cooperative, Just Energy, Brilliant Energy, and Griddy

3 The Texas Commission on Environmental Quality (TCEQ) oversees emis-
sions and the Texas Water Development Board has water resources in its pur-
view, which affects power generation (because of the significant need for water
cooling) and oil and gas production (because of the water requirements and
wastewater disposal needs of hydraulic fracturing, plus the additional risks of
freezeoffs in the extractive industries). This division of energy responsibilities
across multiple agencies creates opportunities for mistakes, mis-
communications, and oversights.
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Energy, and more are expected [78,79]. During the freeze, Griddy En-
ergy was in the news for passing on wholesale prices to customers, which
led to thousands of Texans facing extreme power bills, some in excess of
$10,000. Meanwhile, many gas providers have announced increased
profits, revenues, share buybacks and increased dividends based on the
strength of bumper sales of natural gas at very high prices during the 5-
day storm [80].

The Texas market design normally allows for price discovery be-
tween buyers and sellers, with prices rising with demand. However, the
PUC has the capacity to set prices to induce suppliers to enter the
market. In those cases, the PUC establishes the price levels, and ERCOT
implements them. There are two scarcity pricing mechanisms to induce
extra supply, (1) a $9,000 per megawatt hour (MWh) price cap and (2)
two scarcity price mechanisms that automatically kick in to increase
prices as reserves dwindle [42].

On February 15th and February 16th, the PUC filed orders that ended
up setting prices through the Texas winter storm at the system-wide
offer cap of $9,000/MWh. Those prices remained in effect until the
morning of Friday February 19th. When there is load shedding, the
system design caps prices at $9000 to reflect the value of lost load
(VOLL). With prices that high, any generators that had spare capacity
would enter the market to take advantage of high prices. Marginal
producers may keep plants mostly offline such that they primarily
operate in peak periods in summer and winter when they can make a
healthy profit from the maximum prices. Pre-storm spot prices were
about $30/MWh [43].

Up until the price cap was set, prices on February 15th had only risen
to $1200 which the PUC judged as inconsistent with what was needed
given that nearly 50 GW of power were offline. However, many pro-
ducers had trouble reacting to these price incentives given that their
operations were not adequately weatherized and gas supplies were
curtailed. In other words, those power plants were not available at any
price. At $9000/MWh, electricity retailers were concerned they would
be forced to pay more for electricity that was available and that the high
prices were sustained for far too long [44]. In previous periods of scar-
city, high prices remained in place for a few hours, with 16.75 h the
previous maximum in 2011 [45].

ERCOT stopped shedding load from the grid by 11:55 pm on
February 17th, but kept in place the pricing order until the 19th. That
led Potomac Economics, the PUC’s Independent Market Monitor, to
issue a letter that said the pricing order had remained in effect for 32 h
longer than it should have, leading initially to an estimated $16 billion
in excessive charges to electricity retailers during that period, out of
some $47 billion that was charged during the load shed event [46].

Subsequent legislative oversight hearings deliberated on whether
those prices can or should be retroactively revoked and what repricing
would entail. Some analysts observed that at the time ERCOT rescinded
the load shed order, adequate electricity was not assured, potentially a
reason to keep the pricing order in place at least for some period after the
load shed order was terminated.

Potomac Economics noted that correcting the error will not reduce
costs by the full $16 billion for consumers since a significant share of the
charges are from utilities that owned their own generation facilities or
had hedged risk through forward contracts. So-called ancillary services
associated with electricity did not have price caps and prices for these
rose to almost $22,000/MWh. Repricing would therefore only effec-
tively cut charges by $3.2 billion, rising to $5.1 billion if ancillary ser-
vices were also repriced. This move would shift the losses between
parties from utilities to gas generators, but given that the gas supply
market has not yet been proposed for repricing, the losing parties would
mostly be gas generators. Political infighting had stalled debates about
whether repricing should take place, and the issue will likely be litigated
[47-49].
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4.2. What should come next?

ERCOT’s market design and planning have focused on summer
peaks, which were historically the most challenging, and delivering
sufficient electricity but not having a lot of extra reserve capacity during
periods of high demand in winter and summer. For example, ERCOT’s
scenario for extreme winter demand and high outages only left a cushion
of less than 1.4 GW reserve capacity in their worst case scenario [19].

While that had some advantages in terms of lower average costs, the
2021 freeze suggests a need to rethink the state’s resilience to avoid
future such outcomes. Supply and demand-side weatherization, demand
response, and expanded interstate interconnections are potential solu-
tions Texas should consider to avoid generation losses, reduce demand,
and tap neighboring states’ capacity.

4.3. The need for weatherization

Texas’ electricity and wider energy system will likely face other
weather-related emergencies, and severe winter weather is but one of
them. No state can weatherize all its assets against all possible outcomes,
so the question is what is the appropriate level of insurance that states
like Texas should invest in to protect against rare events.

On the supply side, Texas has undertaken some efforts to protect its
grid against more common summer weather demand spikes, but it has
done little to protect itself against rarer winter freezes. However, these
happen often enough that more winterization is warranted. Texas was
advised to winterize by FERC after the 2011 freeze led to similar, albeit
less catastrophic power outages of 4 GW. FERC suggested most winter-
ization measures “would not be unduly expensive.” For gas-fired units,
the capital costs of equipment like insulation and heat tracing could
range from $50,000 to $500,000. For gas producers, they estimated well
winterization costs to range from $2800 to $30,000. For producers with
hundreds of wells, these costs could add up [50]. Statewide, winterizing
50,000 to 200,000 wells could cost a few billion dollars. Notably, that
expense is significantly lower than the cost of the crisis itself. Further-
more, winterization does not need to be implemented at every well.
About six percent of wells produce 60% of Texas’ gas output so the
number of wells, pipelines, and equipment that require winterization to
protect system wide robustness is relatively small [51].

The problem is that FERC’s recommendations on weatherization of
the power plants were advisory, and the state did not make weatheri-
zation mandatory. Nearly 1,800 units failed at 356 electricity generation
facilities in 2021. While the identity of all the plants that failed in 2021
was not yet public, a partial list revealed that at least three dozen plants
that failed in 2011 also failed in 2021 [52,53]. There are proposals in the
Texas legislature to make weatherization mandatory, with others iden-
tifying funding mechanisms from tapping the state’s rainy day fund (a
surplus fund from revenue from oil and gas) to establish a revolving loan
program or using federal COVID relief [54,55].

Simply winterizing gas production and gas-fired electricity plants is
an important step in the direction of robustness, but is not adequate. The
next challenge for ERCOT might be satisfying summer peak demand. In
spring 2021, in the wake of the winter freeze, Texas experienced days of
high temperatures and heavy demand that tested the ERCOT grid again,
at a time when significant power generation was offline for maintenance
and in some cases to repair damage from the storm. High summer
temperatures and drought-induced water limitations for cooling could
mean that the winter freeze was only the first of the state’s cascading
blackouts in 2021.

Demand side strategies in buildings and investments in energy effi-
ciency throughout the state could reduce the need for electricity during
periods of extreme cold or heat, thereby avoiding some of the strain in
the first place. Texas consumes the most energy of any state in the
country but ranks 29th in the country in terms of energy efficiency of its
buildings [56]. Investments in heat pumps, LED lights, drill-and-fill
insulation, among other measures could diminish energy demand in
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Texas buildings, particularly important for low-income communities
and communities of color [57,58].

4.4. Crisis information and the role of demand response

Texans did not receive adequate warning from the governor or other
public officials to prepare for the storm and what steps they should take
to protect themselves or reduce energy demand. This lack of emergency
preparedness communications was notable and could have exacerbated
risk to life and property.

As Rai said in testimony to Congress, “On the consumer side, there
was an absolute lack of coordinated, consistent, and timely emergency
communication to the people of Texas. Households and communities
were clueless about what was happening, how to respond, and what to
expect next.” The Arctic front moved slowly southward over several
days, so there was plenty of time for cities and residents to prepare if
proper warning and communications had been issued. Information
could have been shared that would have facilitated individuals and
municipalities to prepare for the crisis. In addition, timely calls for
voluntary conservation could have played a valuable role in dampening
demand. As Rai noted, “A coordinated and clear extreme conservation
call — not just last-minute emails and texts — could have reduced the
supply—demand gap substantially, enabling rotating outages, while
relieving supply to catch up.” [35].

Demand response (DR), in which consumers either automatically or
manually decrease or shift when they use energy in response to a request
from the grid operator or utility, can be used as a powerful tool for load
reduction during a crisis. Most DR programs within Texas currently
focus on incentivizing load reduction during summer peak periods, and
many are only available for commercial and industrial customers [59].
Because the residential sector in Texas consumes more electricity than
the commercial sector [60], it presents a ripe opportunity for demand
flexibility. Increasing participation in these programs and coherent,
consistent communications rather than relying on a few text messages,
emails, and tweets here or there [61] urging customers to conserve
energy could decrease the need for brute-force power cuts to distribution
substations.

4.5. The value of regional transmission connections

ERCOT avoids some federal regulation by being self-contained in
Texas with limited connections to other states. Imported power would
not have fully compensated for the loss of production inside Texas, but
it’s possible that a few GW of additional capacity would have blunted
the worst outcomes at the depth of the crisis, giving enough spare ca-
pacity to facilitate rotating outages instead of controlled outages and
giving more cushion from the moments when the entire grid almost
collapsed. It is worth examining whether additional regional in-
terconnections could potentially compensate for production shortfalls in
the state and enhance the system’s overall resilience. Most of the time,
Texas would likely be able to sell excess power from its rapidly growing
renewables capacity to other states, which implies that there might be
significant economic benefits to interconnection along with resilience
benefits.

Several cities in Texas, such as El Paso in the West and Beaumont in
the East, suffered little or no power outages during the 2021 freeze in
part because they are not part of ERCOT and are connected to other
grids. El Paso also had invested in winterization which made their
equipment more resilient to weather shocks [62,63].

It is not clear how much power Texas would have needed to import
during the crisis to allow it to actually rotate blackouts rather than
stranding some consumers without power for days. Given that some of
the neighboring grids, notably the Southwest Power Pool (SPP) and
Midcontinent Independent System Operator (MISO) also experienced
outages, albeit less severe than ERCOT, it is not clear how much excess
power could have actually been imported or whether that problem
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would characterize future episodes.

Texas does have modest connections with other states to import a bit
of power from Mexico (400 MW) and the Eastern United States (800
MW) through high voltage, direct-current connections, but Texas is not
connected synchronously to other grids [64]. The winter seasonal
assessment concluded that Texas was counting on 838 MW of imported
power in its scenario planning [19].

However, some politicians are worried that increasing in-
terconnections between Texas and other grids could lead Texas to be
subject to FERC regulation. Former Texas governor and Secretary of
Energy Rick Perry signaled strong opposition to such an idea, arguing
that “Texans would be without electricity for longer than three days to
keep the federal government out of their business.” [65]. While a
number of analysts suggest that sentiment is outmoded, it may prevail
given the political balance in the state [66,67].

Though synchronous connection with AC lines is likely to trigger
FERC oversight of Texas power markets, DC lines do not automatically
induce that outcome. Pattern Energy has a 2 GW project that is intended
to link Texas to MISO through a high voltage DC line that the company
claims will not affect Texas’ independent status. The company secured
FERC approval in 2014 but the line hasn’t been built [68,69]. One po-
tential compromise would be for the state to commit to NERC’s stan-
dards on reliability upgrades and some enhanced interconnections in
exchange for FERC’s promise not to impose a capacity market or other
major overhauls in the state’s market design [70].

5. Implications for climate change and the clean energy
transition

The energy challenges facing Texas are more salient given the threat
of climate change and the emergent energy transition. Though scientists
are uncertain whether climate change made the freeze more likely by
displacing the polar vortex southward [71], climate change has impli-
cations for Texas. Texas is especially vulnerable as it endures freezes,
heat waves, droughts, floods, and windstorms. Therefore it is in Texas’
interest to prepare for a wide range of possible scenarios, including
weather with hotter and colder temperatures, wetter and drier condi-
tions, and intense winds [72]. Other localities will be under similar
pressure, meaning that they have to prepare their infrastructure not for
how the weather was in the 1960s but how it will be in the 2060s.
Leaders in Texas have yet to demonstrate the foresight on climate
change that they did with the opportunity to foster investment and profit
from the nascent wind energy in the 2000s by building out transmission
systems [73].

A clean energy transition that Texas helped set in motion in the wind
sector is now unfolding globally. In 2011, wind provided 9% of Texas’
electricity needs but had grown to 24% by 2020 and is expected to rise to
29% in 2022. Solar is now beginning a similar rise, from 2% in 2020 and
expected to climb to 9% in 2022 [74]. But, with more variable, inter-
mittent renewable power comes new issues of grid integration and the
need for firm baseload power, storage or demand response. While Texas
had largely succeeded with that integration of wind in previous years
with intelligent forecasting, the Texas freeze revealed that assumptions
about the reliability of firm baseload power fueled by natural gas were
too optimistic [13].

Getting this balance of cleanliness, affordability, and reliability right
is not simply a technocratic question as it has major implications for
health, equity, and human well-being. As such, the big freeze of 2021
provides a cautionary tale that others can learn from.
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