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1. Event 
During the week of February 6th, 2021, a powerful cold wave swept over much of North 
America, bringing with it snow, ice and record sub-zero temperatures in some areas. The 
cold weather was triggered in part by a sudden stratospheric warming event in January, 
in which atmospheric waves knocked the Arctic polar vortex off course. This disruption 
in the polar vortex weakened the polar jet stream and allowed it to become ‘wavier’, by 
which warm air flooded north into the Arctic, and polar air filled in the gaps to the south 
(see Figure 1) (Lindsey, 2021).

Though the winter storms and freezing temperatures affected many places, the state 
of Texas in the United States was the most severely impacted, with cold temperatures 
causing massive disruptions to electricity and water services. For the first time ever, all 254 
counties in the state were placed under a winter storm warning (Villarreal, 2021). The city 
of College Station in south-central Texas measured 86 consecutive hours of below-freezing 
temperatures, and a -22oC  departure from normal temperatures (National Weather Ser-
vice, 2021).

Figure 1: Understanding the polar vortex, adapted from Lindsey (2021).
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2. Impacts

Direct impacts

This cold wave turned into a crisis through a combination of factors, primarily a failure of 
the electrical infrastructure when the cold weather drove up demand for electricity for 
heat, while also hampering supply from power-generation facilities, for example by freez-
ing natural gas wells and wind turbine blades. The increase in demand and the limited 
supply meant the grid manager in Texas, Electric Reliability Council of Texas (ERCOT), 
ordered rolling blackouts − where power is periodically shut off for parts of the system 
− intended to reduce the demand by cutting power to around 4 million Texans for short, 
controlled amounts of time (Everhart & Molnar, 2021; Chang, 2021). The call for rolling 
blackouts began in the early hours of 15 February and lasted until 19 February; however, 
many outages actually lasted for several more days (ERCOT, 2021a; Cornish, 2021). The 
discrepancy in available power during the outages was widespread: some areas lost 
power for only a few hours, while others had power for only a few minutes − over a more 
than 36-hour period for some residents (Salam and others, 2021). Additionally, since 
large parts of Mexico also rely on natural gas from Texas, the Mexican Government also 
ordered power outages, affecting 4.7 million customers in northern Mexico for several 
hours (Angulo and others, 2021). Still further, the freezing temperatures caused disrup-
tions to the water infrastructure, as pipes in homes and underground froze and burst. 
As many as 12 million Texans were put under ‘boil water’ notices due to malfunctioning 
sanitation facilities and a loss of system pressure as a result of line breaks, unable to use 
tap water for drinking or cooking (Riley, 2021; Chappell, 2021). Many Texas resorted to 
melting snow for daily activities, such as flushing toilets and for backup drinking water 
(Samuels, 2021). Water-supply issues persisted months after the initial freeze, as the 
COVID-19 pandemic created shortages in plumbing supplies needed to repair leaking 
pipes and other cold damage in homes (Agnew, 2021b). 

Between 11 February and 5 March, officially 210 people died in Texas from cold-related 
causes (Texas Health and Human Services, 2021), though some sources estimate the actual 
number to be closer to 700 (Aldhous and others, 2021). The majority of verified deaths 
were associated with hypothermia, as well as vehicle accidents, carbon monoxide poison-
ing, medical equipment failure, exacerbation of chronic illnesses, lack of home oxygen, falls 
and house fires (Texas Health and Human Services, 2021). Carbon monoxide poisoning 
instances and some house fires were likely the result of unsafe methods for keeping warm, 
such as leaving a car running in a garage or venting the exhaust from a home generator 
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into living spaces. Such exhaust emissions create carbon monoxide, which is odourless and 
tasteless, and when inhaled can quickly cause nausea, dizziness and loss of consciousness. 
More than 1,400 people sought emergency care in Texas for carbon monoxide poisoning 
from 13 February to 20 February, with officials deeming it a ‘public health disaster’ (Trevizo 
and others, 2021). Additionally, the lack of home oxygen combined with the power outages 
created complications for people recovering from COVID-19 infections at home. Due to 
statewide surges in COVID-19 hospitalizations, a record number of patients were sent 
home to recover and relied on plug-in breathing machines, which went offline during the 
outages (Hixenbaugh & Trevizo, 2021). Many people did not have enough backup oxygen 
tanks to last them through the entire power outage.  

Indirect impacts

Already financially devastated by the COVID-19 pandemic through job losses, inflation in 
prices of essential goods and loss of health insurance, low-income families in Texas were 
disproportionately affected by the power blackouts. Many lacked the financial capacity to 
cope with the cold the way some more affluent residents could, such as fleeing the state 
or purchasing a hotel room (Dobbins & Tabuchi, 2021). Low-income neighbourhoods are 
also traditionally composed of older homes with poor insulation and pipe systems and were 
among the first to be hit with power outages, due to systemic underinvestment in some ar-
eas, or the tendency to live further away from critical infrastructures, which are prioritized 
to receive available energy in the event of an outage (Reta & Gout, 2021; Chang, 2021). 
Additionally, minority populations are more likely to live close to industrial sites and, by 
extension, are more exposed to pollution (Dobbins & Tabuchi, 2021). This was particularly a 
concern as around 200 oil refineries, chemical manufacturers and other industrial plants in 
Texas released 3.5 million pounds (approximately 1.6 million kilogrammes) of excess pollut-
ants, such as sulfur dioxide and methane, due to weather-related systems failures between 
11 February and 22 February (Uteuova, 2021). Many homeless people were also drastically 
affected by the freeze. For example, in Fort Worth, Texas, traditional shelters quickly 
reached capacity limits because of COVID-19 restrictions, so three emergency shelters had 
to be opened (Gordon, 2021). In San Antonio, a Christian ministry could not offer showers 
to their local homeless population due to a burst pipe (Dobbins & Tabuchi, 2021). 
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Due to the discrepancy in supply and demand, the market price of electricity jumped tre-
mendously. The cost of electricity in Texas was around US$50 per megawatt-hour before 
the cold wave hit but spiked to a record high of $8,800 per megawatt-hour, a 17,600 per 
cent increase in a matter of days (Verma, 2021). Some customers on variable-rate plans, 
where electricity bills fluctuate with wholesale electricity prices, reported bills of over-
$1,000 per day. The price spikes will not affect other customers on fixed-rate plans until 
later on in the year, when the rates are recalculated (Proffer, 2021). To a lesser degree, price 
spikes were also experienced across parts of Europe and Asia, as the sudden stratospheric 
warming event also caused frigid temperatures across the northern hemisphere. Spain 
recorded its coldest temperature, at -35.6oC in January, with prices peaking at nearly $116 
per megawatt-hour, three times higher than the average in 2020 (IER, 2021). In Japan, as 
energy usage was around 90 per cent higher than expected, prices for wholesale electricity 
spiked from about $130 per megawatt-hour in December to a peak of more than $1,000 in 
early January (McDonnell, 2021). 

The cold also disrupted industries in Texas, causing cascading and lasting effects nationally 
and globally. The power outages caused disruptions in plastics manufacturing, bringing 
the world’s largest petrochemical complex to a halt, causing shortages and price spikes for 
polyethylene, polypropylene and other materials used to make plastic products. For ex-
ample, polyvinyl chloride (PVC) prices have more than doubled since summer 2020 (Mat-
thews and others, 2021). In the agricultural sector, the freezing weather destroyed citrus, 
leafy greens, and other fruit and vegetable crops. Around 55 per cent of grapefruit and 98 
per cent of Valencia orange crops were lost. Only three of more than 40 vegetable crops 
grown during winter are expected to survive: onion, cabbage and potato, with farmers of 
even those crops reporting losses of over 20 per cent (Reiley, 2021). 

In addition to human and industrial impacts, the cold also severely impacted wildlife in the 
area, killing hundreds of songbirds, antelopes and bats (CBSDFW Staff, 2021). As many as 
3.8 million fish, consisting of 61 species, were killed off the Texas coast during the freeze 
event (TPWD, 2021). Cold water temperatures caused a mass stunning event of the endan-
gered Green sea turtle. Around 12,000 cold-stunned turtles were recorded on the lower 
Texas coast, catatonic as the water lowered their body temperatures and rendered them 
unable to swim. Of the 12,000 affected, an estimated only 35 per cent survived, in large 
part thanks to volunteers, who brought the turtles in from the water and housed them in 
makeshift warming centres (Burnett, 2021).
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3. Drivers
Conditions in the Arctic: ocean and  
atmospheric warming

The meteorological systems responsible for the cold wave are influenced by the complex 
interactions of the polar vortex, the polar jet stream and the North Atlantic Oscillation 
(NAO), which describes the difference in air pressure between the high-pressure zone west 
of Portugal and the low-pressure zone above Iceland (see Figure 2). When the polar vortex 
is strong, the polar jet stream exhibits a more linear flow from west to east, and the NAO 
tends to be in its positive phase. However, occasionally the polar vortex is knocked off its 
axis due to sudden stratospheric warming (SSW) events, where strong atmospheric waves 
from the troposphere break into the stratosphere, creating a spike in stratospheric tem-
peratures. This is associated with a ‘wavier’ jet stream and the negative phase of the NAO 
(see Figure 2) (Lindsey, 2021). 

Figure 2: Positive and negative phases of the North Atlantic Oscillation (Met Office image taken from McSweeney [2019]).
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Though it is difficult to determine causation, recent research suggests that warmer Arctic 
temperatures may be influencing these systems (McSweeney, 2019). Driven by a process 
known as ‘Arctic amplification’ (see section 4), a feedback loop forms as sunlight-reflecting 
sea ice melts and more heat is absorbed by the ocean, which in turn causes the sea ice to 
melt further. As the ocean warms, it creates a heat exchange with the atmosphere above 
it, increasing the temperature in the troposphere and bringing widespread meteorological 
implications. Firstly, as the troposphere above the Arctic warms it decreases the tempera-
ture differential between the colder air in the Arctic and the warmer air in the mid-latitudes. 
Since this difference drives the strength of the polar jet stream, its decline may lead to a 
weakened jet stream (Francis & Vavrus, 2015). A weak jet stream is more easily pushed 
from its typical path straight from west to east, instead becoming ‘wavier’ and creating 
north-south waves, known as Rossby waves, where high-pressure ridges move warm air 
north into the Arctic and force cooler, low-pressure troughs to the south (see Figure 1) 
(McSweeney, 2019; Lindsey, 2021). These larger waves also contribute to more persistent, 
lingering weather patterns, as it takes longer for weather systems to move from west to 
east (Francis & Vavrus, 2015). 

Though the NAO is naturally variable, research also shows that the negative phase of 
the NAO has become increasingly common over the last few decades since a warmer, 
humid Arctic climate changes storm tracks and increases Eurasian snow cover in the fall, 

Figure 3: Map of surface air temperature anomaly for February 2021, taken from C3S (2021).
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forcing a negative NAO during the following winter (Cohen and others, 2012). By creating 
a warmer, more humid Arctic climate, Arctic amplification may also contribute to the 
increased frequency of this phenomenon, known as the ‘warm Arctic, cold continents’ 
pattern, which has been observed in winter over the past few decades (see Figure 3) 
(Cohen and others, 2014).

Arctic amplification may also influence SSW events that cause the polar vortex to weaken 
and split. Like other meteorological phenomena, the frequency of SSWs is naturally vari-
able, typically occurring once every two years, often triggered by the El Niño Southern 
Oscillation (Ineson & Scaife, 2008). Some research suggests that decreased Arctic sea 
ice cover in early winter enhances the atmospheric waves that trigger SSWs, weakening 
the polar vortex in mid-winter (Kim and others, 2014). Other research shows an increased 
frequency of weak polar vortex states in winter in the last 40 years, supporting the hypoth-
esis that the phenomenon is linked to Arctic sea ice cover (Kretschmer and others, 2018). 

As mentioned above, it is unclear whether Arctic amplification can explain the cause of 
these changes in the atmospheric system. Research is still ongoing into these systems 
and their interactions, with diverging consensus between observational studies, which 
conclude that Arctic amplification forces cold mid-latitude winters, and modelling studies, 
which do not come to that conclusion. However, researchers can agree that the observed 
trends cannot be explained without including the dynamics of Arctic amplification (Cohen 
and others, 2020).

Non-winterized electricity/water systems 

The cold weather itself was not responsible for the Texas cold wave disaster; it was instead 
the interaction of the cold weather with non-winterized electricity and water infrastructure. 
In Texas homes, water lines are often kept in attic spaces and are generally not insulated. 
City water lines were buried too shallow underground to keep them from freezing as the 
temperatures fell (Waller, 2021). As mentioned above, many power generation facilities 
failed due to the cold-weather impacts, with boilers and turbines exposed to the elements 
to prevent excess heat build-up during summer (Storrow, 2021). Natural gas wellheads 
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froze, unable to draw the gas from the ground, and wind turbine blades iced over, unable to 
spin. Power generation from coal dropped by 40 per cent of expected generation, natural 
gas and wind dropped by around 50 per cent each, and even one of the four nuclear units 
went offline due to pipeline freezing (see Figure 4) (EIA, 2021; Everhart & Molnar, 2021). At 
its peak, 52,277 megawatts (MW), almost 50 per cent of Texas’s total electricity generation 
capacity, was forced offline (ERCOT, 2021a). Electricity was also cut off from many natural 
gas facilities, which were unable to use the equipment and machinery required to pump 
the necessary natural gas that could be used to make more electricity (Douglas, 2021). The 
electricity demand was also much higher than expected. Around 60 per cent of Texans use 
electricity to heat their homes, which are not insulated well and are also designed for heat 
loss, not heat retention (Everhart & Molnar, 2021). The surge in electricity demand was at 
a winter record of 76,819 MW, around 7,000 MW above the expected ‘extreme peak winter 
demand’ (Everhart & Molnar, 2021; ERCOT, 2021a). 

This was also particularly dangerous since the discrepancy between demand and supply 
could have forced an entire collapse of the grid. Equipment and infrastructure is designed 
to run on a frequency of 60 hertz (Hz), but if there is more demand for electricity than  
supply the frequency will drop, sometimes causing damage that must be physically 

megawatthours
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Figure 4: Electricity generation by energy source in ERCOT region, taken from EIA (2021).
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repaired. The margin for error is tiny; the frequency of electricity flow on ERCOT’s grid 
dropped below 59.4 Hz for more than four minutes, but if it had stayed that way for more 
than nine minutes the blackouts could have lasted for weeks (ERCOT, 2021a). To keep the 
frequency level, the demand-side had to be reduced as ERCOT ordered electricity provid-
ers to institute rolling blackouts, shutting off power periodically for parts of the system. 
Around 20,000 MW of demand was cut off from the system at one time (ERCOT, 2021a).

Insufficient communication

Even the blackouts themselves might not have been a problem if residents had the knowl-
edge and resources to prepare. However, adequate announcements of the rolling blackouts 
were absent in this disaster. ERCOT, which manages the grid over much of Texas, does not 
have any enforcement authority over any electric generation facilities, transmission lines 
or substations (ERCOT, 2021a). Therefore, the most they could do was contact the power 
generators and tell them how much power they needed to cut and when. Though every 
locality has some form of emergency alert system, even local officials were at a loss as to 
where to find information, leaving residents with no way to plan for the loss of light and 
heat (Agnew, 2021a).
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4. Root causes
Human-induced greenhouse gas emissions

Increased greenhouse gas (GHG) emissions in the atmosphere, such as carbon dioxide, 
methane and nitrous oxide, absorb and trap longwave radiation from the sun, increasing 
temperatures on Earth’s surface and lower atmosphere. Most of this excess atmospheric heat 
ends up being absorbed by the oceans (EPA, 2021; IUCN, 2017). This warming of the oceans 
and atmosphere does not occur evenly across the globe. The Arctic region is warming nearly 
twice as fast as the rest of the planet, through Arctic amplification. Research is still ongoing 
on which climate forces are primarily driving this effect, but positive feedback loops in sea ice 
loss likely contribute significantly (Serreze & Francis, 2006). A warming ocean causes sea ice 
melt, which reduces the albedo effect − the process by which ice reflects solar energy into 
the atmosphere, allowing it instead to be absorbed by the darker ocean water (see Technical 
Report, Arctic Heatwave). Driven by increased GHGs, the increase in Arctic temperatures 
influence the meteorological patterns described in Section 3 (Stjern and others, 2019). 

Insufficient disaster risk management

Though cold weather is unusual in Texas, it is not without precedent. Similar severe 
cold-weather events occurred in the south-west United States in 1983, 1989, 2003, 2006, 
2008, 2010 and 2011 (FERC & NERC, 2011). The most severe events in 1989 and 2011 also 
caused power outages, primarily because the electrical infrastructure was designed for 
average southern climates, not for what had previously been relatively rare cold-weather 
extremes (Quanta Technologies, 2012). In 1989, the Public Utility Commission (PUC) of Texas 
recommended actions for power plants to withstand extreme cold. However, these actions 
were not made mandatory, which left winter readiness dependent on corporate choices. 
Facilities are not required to implement any minimum weatherization measures or conduct 
a review of cold-weather vulnerability. During the 2021 event, no entity, including the PUC or 
ERCOT, had rules to enforce minimum weatherization standards (ERCOT, 2021a). Though a 
post-event analysis is still being researched for the 2021 event, when the cold wave of 2011 hit 
more than two dozen power generators that failed in 1989 failed again, indicating that these 
facilities had not adequately prepared for cold weather after the 1989 event (FERC & NERC, 
2011). 
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Not only were there inadequate regulations in place to prepare facilities before the storm, 
there were also myriad issues in communication and planning. For example, some natural 
gas facilities experienced forced power outages, meaning they could not run equipment to 
supply power generation facilities with the gas necessary for making electricity. As ERCOT 
ordered rolling outages, power companies inadvertently shut off electricity to some of 
these facilities because they were not on the lists of what is considered critical infrastruc-
ture, primarily because the natural gas companies had either failed to fill out a form or did 
not know the forms existed (Douglas, 2021). As mentioned previously, reports also suggest 
that the rolling blackouts were not well coordinated or communicated to the public. There 
was no statewide announcement for the rolling blackouts; the responsibility for emergency 
announcements was left to the local level, where officials were unsure of where to get 
information (Diamante, 2021). Although the Texas Division of Emergency Management 
(TDEM) can use the national Emergency Alert System to share important information and 
updates to residents directly via cell phones − such as ‘boil water’ notices or ‘power outage’ 
updates − it failed to provide any such alerts (Agnew, 2021a). 

In combination with the lack of communication, individual residents were also largely un-
aware of how to deal with a cold wave of such magnitude. Since Texas residents rarely face 
cold weather, and rarer still without power, the cold wave caught many people unprepared. 
Many homes in colder climates keep a back-up heating source, extra generators and better 
clothing protection than could regularly be found in Texas. There were several automobile 
accidents, likely partly due to the inexperience of drivers to icy road conditions. 

Insufficient national/international cooperation

When a power shortage occurs in other regions, local utilities can often buy extra power 
from adjoining areas. Texas, however, does not have the ability to import energy, as it is 
isolated from the rest of the United States. There are three power grids in the mainland 
United States: the Eastern Interconnection, the Western Interconnection and the ERCOT 
region in Texas. Texas is the only state on the mainland with its own electrical grid, which 
does not (effectively) cross state lines. This was done in response to the Federal Power 
Act in the 1930s, which allowed the federal government to regulate electric utility compa-
nies that engage in interstate commerce (Dyer, 2011). In an attempt to avoid this federal 
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oversight from the Federal Energy Regulatory Commission (FERC), Texas's largest utilities 
cut their power line connections to other states and established their own form of electric 
cooperative (Dyer, 2011). This meant that when the power shortage occurred in Texas, they 
had a minimal ability to receive extra power from neighbouring states.

Prioritizing profits

In 1999, the Texas legislature passed Senate Bill 7, establishing that residents would no lon-
ger get their electricity from a local utility, but rather from a choice of retail electric provid-
ers, with the desired effect of lowered electricity prices through market competition (Scott, 
2000; Krauss and others, 2021). This system is not unique to Texas and received industry, 
public and bi-partisan support (Krauss and others, 2021). A deregulated, market-based 
system of energy producers and retailers means they compete for customers, aiming to 
provide the most efficient service for the lowest price (Scott, 2000). This combination 
disincentivizes investment in specific weather protection and maintenance. Hot-weather 
protection is a must to maintain a consistent level of service, but disruptive cold weather 
in Texas happens too infrequently for companies to bother investing in preparing for its 
effects. An ERCOT-commissioned study wrote that of the natural gas infrastructure, the 
risk is a tradeoff between lost revenue from the loss of production versus the lost revenue 
from higher operating costs needed to implement winterization strategies (Black & Veatch, 
2013). 

ERCOT also has a thin margin of reserve capacities, at about 16 per cent, consistently lower 
than recommended targets for reliability (Mclaughlin, 2021; Comstock, 2019). Most places 
in the United States run on a ‘capacity market’, where the aim is to ensure reliable energy 
is supplied to the grid by paying generators for the capacity to meet forecasted demand, 
regardless of whether the power is actually provided, as long as the capacity to provide 
energy is there if it is needed (FERC & NERC, 2011). In contrast, Texas has an ‘energy-only’ 
market for electricity, where generators are paid for only the power they provide. This 
is meant to prevent consumers from paying for generation capacity that may never be 
used. However, some experts worry that with energy-only markets, low electricity prices 
may discourage generators from building new power plants since there is no guaranteed 
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revenue as there is with a capacity market. Instead, regulators incentivize generation 
reliability with scarcity pricing, allowing generators to sell electricity at as much as $9,000 
per megawatt-hour during peak demand. The allure of potential high prices is meant to 
incentivize generators to build new power plants and keep them operational (Bade, 2017). 
This system, however, can instead encourage scarcity so generators can increase revenue. 
During the February power shortage, one of the nuclear power plants shut down one of its 
two reactors due to pipeline freezing, yet the plant earned roughly $9 million in an hour 
when the scarcity pricing hit its peak. If the second reactor had kept operating, the plant 
would have been paid closer to $60,000 per hour (Mclaughlin, 2021). Additionally, scarcity 
pricing is not likely a long-term solution to incentivize greater reserve capacity as cheaper 
generation, such as from solar or wind, enters the market and keeps prices lower, and 
decreases the number of scarcity-pricing episodes (Bade, 2017).
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5. Solutions
It is important to note that the issues the February 2021 cold wave presented are not iso-
lated incidents. Extreme weather events are the leading cause of power outage events and 
are expected to increase along with other climate-related threats, such as sea level rise, 
flooding, wildfires and droughts (Allen-Dumas and others, 2019). Climate change combines 
with ageing grids and increasing electricity demand to strain and compromise vulnerable 
electrical infrastructure, with knock-on effects for other systems such as water and 
sanitation, transportation, communications and healthcare (Kenward & Raja, 2014; Nazir, 
2021). While these solutions presented in this chapter will be focused on Texas specifically, 
these lessons may apply broadly to increase disaster preparedness and resilience in similar 
situations globally. 

Winterize infrastructure

Much of the disaster can be attributed to the failures in the power system from the 
cold. The most obvious solution to this would be to implement winterization strate-
gies for generation facilities. Techniques such as de-icing, heat tracing and insulation 
exist to keep energy systems operating in cold climates, such as Antarctica or Alaska. 
Therefore, the issue in Texas is to balance how much to invest in reducing the impact 
of these low-probability events (Fletcher & Jenkins, 2021). The cost of implementing 
changes to existing infrastructure can be high and impractical. The estimated cost to 
install federally-recommended equipment on all Texas’s natural gas plants would be $95 
million. For Texas’s 13,000 wind turbines, blades with internal warming equipment can 
cost $400,000 per blade, and retrofitting existing blades is nearly impossible. This isn’t 
always necessary, as applying coatings to the blades or sending de-icing drones is effec-
tive at a much lower cost (Golding and others, 2021). 

Additionally, making sure new equipment can withstand the cold is far cheaper than mod-
ifying existing infrastructure. New natural gas plants or wind turbines could be outfitted 
according to climate change projections, recognizing that we can no longer use past events 
as a guide to determine the worst-case scenario (Fletcher & Jenkins, 2021). Although the 
cost of winterizing is high, it pales compared to the damage done by the cold wave. The 
economic damage associated with the power outages alone is estimated to cost $4.3 
billion (Golding and others, 2021), added to the cost of other damages from the freezing 
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temperatures, such as infrastructure damage to homes, roads and businesses, physical 
and mental health issues and loss of life. In deciding whether certain protections are worth 
the investment, one must consider not only the likelihood that an event will occur, but also 
the severity and extent of potential consequences (Fletcher & Jenkins, 2021). 

Multiply, distribute and diversify generation

In addition to hardening existing infrastructure to cold weather, a system of distributed 
energy resources could help increase the resilience of the whole electrical system to 
several types of disasters, not just cold weather. Texas generates two-thirds of its elec-
tricity through natural gas power plants, the failures of which caused most of the power 
shortages during the cold wave (Fletcher & Jenkins, 2021). Diversifying types and locations 
of generation facilities can decrease the likelihood that one extreme event disrupts the 
whole system. Distributed generation and microgrids allow for power generation and 
transmission to be localized to small areas that can isolate themselves during severe 
weather events without the need for long transmission lines susceptible to failure (Panteli 
& Mancarella, 2015). ERCOT has committed to removing the barriers to distributed gener-
ation as part of its new roadmap to grid reliability (ERCOT, 2021b). Texas also consistently 
falls below target reserve margins and is the only grid in the mainland United States that 
does so (Comstock, 2019; Manzagol, 2020). This means that although Texas can produce 
as much as it usually needs, there is not much extra capacity to fall back on if extraordinary 
circumstances occur. Incentivizing the increase of available reserves through the adoption 
of a capacity market can also help implement planned redundancies that make the system 
more resilient (Iychettira, 2013). ERCOT has planned to almost double reserve margins by 
2022 (ERCOT, 2020). Linking to one or both of the other grid systems could also increase 
the available power in times of shortage, therefore decreasing the likelihood of blackouts. 
More ambitiously, the United States could consider building a national grid, which could 
improve efficiency, distribute demand more evenly, better integrate more renewable ener-
gy, and reduce power prices (Roberts, 2018; Bloom and others, 2020).
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Engage in energy efficiency

The previous fixes address the supply side of the power shortage, but there are other 
solutions that could help bring down future unexpected spikes in demand. Electricity 
can, and should, be considered as a ‘common-pool resource susceptible to the tragedy 
of the commons’, in that it can suffer from overexploitation with detrimental effects on 
the whole system (Pless & Fell, 2017). Incorporating active energy efficiency practices in 
Texas homes, businesses and industries would help conserve energy by cutting back on 
usage and reducing waste. Modifying infrastructure by increasing insulation in buildings, 
solar thermal heating and daylighting can help conserve generated heat, reducing heating 
loads during such a cold wave. Changing expectations of comfort and modifying behaviour 
can also decrease energy demand, such as turning off unnecessary electronics, adjusting 
thermostats and modifying clothing layers (Nesler, 2021). These measures should not only 
be considered in the face of such power shortages seen during the cold wave, but also 
during everyday life. 

Improve governance, preparedness and response

The solutions presented above work most efficiently if they are supported by effective gov-
ernance. Having regulations to ensure compliance with weather protection strategies and 
safety protocols during extreme events ensures that the systems are reliable. The flaws in 
the system were known after the similar events in 1989 and 2011, and recommendations 
for improvement had already been made (Quanta Technologies, 2012; FERC & NERC, 2011). 
Recommendations must be turned into imperatives where the cost of non-compliance is 
more than the cost of implementing changes. In the most recent Texas legislative session, 
the governor signed Texas Senate Bill 3, which creates a system by which winterization 
strategies suggested by a panel of experts must be implemented by critical generation 
facilities, with a minimum of $5,000 and a maximum of $1 million per violation if the strat-
egies are not implemented (Paddie & Schwertner, 2021). However, this bill does not specify 
the length of time that operators have to implement those changes, nor does it specify how 
to determine the penalty amount; so much of this is still left to individual interpretation.
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Improved communications are also necessary to coordinate and plan during such an 
event. This includes improving communication and mapping of critical infrastructure 
between responsible entities such as ERCOT, power generation facilities, and natural gas 
fields − as well as between the Government and its citizens. Texas Senate Bill 3 also aims 
to improve this, setting up the Texas Energy Reliability Council to ensure that the energy 
and electric industries meet high-priority human needs, and to enhance coordination and 
communication in the energy and electric industries (Paddie & Schwertner, 2021). The 
same bill creates a process to implement an alert when the power supply in Texas may 
be inadequate to meet demand, as well as a process to map the state's electricity supply 
chain in order to identify priorities for electricity service during extreme weather events 
(Paddie & Schwertner, 2021). 

These are only some solutions that could have helped prevent or mitigate the effects of the 
February 2021 cold wave in Texas. Preparedness for such an event, such as having available 
early warning systems or setting up additional warming centres, is undoubtedly important. 
Emphasis should be put on investing in prevention, such as winterizing the electricity grid, 
diversifying energy sources, having back-up reserve systems in place and establishing 
better communication protocols before a disaster occurs − all done by using future de-
mographic and climate change scenarios. Individuals can help here too: beyond reducing 
their own demand and preparing for disasters themselves, social demand for safety and 
security increases the likelihood that these preventative measures will be applied (Pescaroli 
& Alexander, 2016).
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