2 • Power system
Introduction
For at least half a century, and with the exception of the two years of crisis in 2008 and 2009, global
electricity production has increased every year. This continuous growth reflects the role of this type
of energy in the global economy and its development. The functioning of a modern society would be
inconceivable without access to electricity and the services it provides: telecommunications, cooling,
health systems, sanitation, etc. However, the vulnerability of electricity systems to weather hazards,
almost certainly linked to climate change, has been widely demonstrated in recent years: the destruction of Puerto Rico’s power grid by hurricanes Irma and Maria in 2017 (Kwasinski, 2019)15, damage
to the Oroville dams in the United States (The Weather Channel, 2018)16 or Toddbrook Reservoir in
the UK (New York Times, 2019)17, nuclear reactor shutdowns during the European heat wave of July
2019 (Reuters, 2019)18, bankruptcy of the California power company PG&E after its involvement in
the most serious fire in the history of the state (Bloomberg, 2019)19, etc.

Context
The power system includes various distinct activities. First, electricity production consists of
transforming primary energy (coal, gas, nuclear) or a renewable flow (water, wind) into electricity.
Worldwide, electricity production is dominated by coal (38.3% in 2017 according to the International
Energy Agency), followed by gas (22.9%), followed by hydropower (16.3%) and nuclear (10.2%). Despite
rapid growth, wind (4.4%) and solar (1.8%) still account for just a small share of global electricity
production. Since local electricity production can deviate significantly from this average mix and
each sector has its own vulnerabilities, exposure to climate change and the nature of the risks vary
from one region to another.
The electricity produced must then be delivered to consumers via the electricity grid. A distinction is generally made between the transmission network (high voltage and long distance) and the
distribution network (low voltage) that serves consumers at the level of a city or neighbourhood.
These networks are made up of power lines and transformer installations to modify the voltage. In
regions where electrification has been completed, these infrastructures, which are usually located
outdoors, cover entire territories. They are therefore exposed to all possible climate phenomena.
The proper functioning of the power system depends on the continuous balance between production and consumption. To avoid imbalances, the effects of climate change on consumption
must therefore also be anticipated.

15 Kwasinski & al. 2019. Hurricane Maria Effects on Puerto Rico Electric Power Infrastructure. IEEE Power and Energy Technology Systems Journal, vol. 6, no. 1,
pp. 85-94. [en ligne]
16 The Weather Channel, 2018. Climate Change Contributed to Oroville Spillway Collapse, Study Says. [en ligne]
17 New York Times, 2019. U.K. Town Evacuated as Dam Wall Crumbles Under Heavy Rain. [en ligne]
18 Reuters, 2019. Hot weather cuts French, German nuclear power output. [en ligne]
19 Bloomberg, 2019. PG&E May Be the Business World’s Biggest Climate-Change Casualty Yet. [en ligne]
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TABLE 1

VULNERABILITIES IN THE ELECTRICITY SYSTEM (SCHAEFFER, 2011)20.
Activity

Climate variables

Vulnerabilities

Thermal energy production
(coal, gas, nuclear)

Air and water temperature

Quantity and quality of cooling water

Temperature, wind, humidity

Cooling efficiency, turbine yield

Extreme climate events

Impact on fuel production (erosion of surface mines, the end of
off-shore facilities, etc.)

Air temperature, precipitation

Evolution of water resources and seasonality
Long droughts, long-term decline in production
Evaporation of retained water
Changes in water quality and sediment quantity
Development of flood risks (extreme rainfall, outbursts of
glacial lakes, etc.)
Changes in the distribution of protected species, spread of
floating algae

Extreme climate events

Degradation of facilities (debris obstruction, erosion, etc.)

Wind energy production

Wind, extreme climate events

Changes in wind resources (intensity and duration)
Wind shear, damage caused by high winds and rapid direction
changes

Solar energy production

Air temperature, humidity,
precipitation

Change to levels of sunshine (cloud cover)
Decreased yield, linked to increase in temperatures

Biomass production

Air temperature, humidity, precipitation, CO2 concentrations

Availability and division of usable area
Desertification
Crop yield

Transport and distribution

Air temperature

Reduction of the maximum permissible current with the
temperature
Increased risk of incidents

Wind, extreme climate events

Degradation during exceptional climate events

Air temperature, precipitation

Increase of consumption, linked to cooling systems, decline in
demand for heating
Increase in consumption linked to irrigation

Hydropower production

Consumption

Thermal power stations
Both fossil and nuclear thermal power plants are based on the same principle, whereby a
turbine and an alternator convert heat into motion and then into electricity. They therefore share
the same vulnerabilities. To be operated, turbines need access to a “heat sink”, usually water. Their
efficiency is based on the temperature of this heat sink. For example, for a nuclear power plant, the
efficiency decreases by about 0.5% per additional degree of water temperature (Linnerud, 2011)21.
The temperature of water discharged from power plants or the temperature of downstream
rivers is generally regulated, in order to preserve fauna and flora (Callendar, 2019)22. In the event of
a heatwave, these regulatory limits are reached more quickly, sometimes requiring power plants
to reduce or shut down production. Finally, if the heat sink is a river, the decrease in flow during
periods of drought can limit electricity production. Droughts can also disrupt the supply of fuel to
coal-fired power plants when it passes along waterways.
The unavailability of thermal power plants for climate-related reasons has become frequent
since the 2000s. In the summer of 2018, Swedish and Finnish power plants even encountered difficulties due to the heat Reuters, 2018)23 . The design of thermal power plants can be adapted to all

20 Schaeffer & al. 2011. Energy sector vulnerability to climate change: A review. Energy 38 (2012) 1-12.
21 Linnerud & al. 2011. The Impact of Climate Change on Nuclear Power Supply. The Energy Journal, Vol. 32, No.
22 Callendar, 2019. Réglementation des rejets thermiques pour le parc nucléaire français. [en ligne]
23 Reuters, 2018. In hot water: How summer heat has hit Nordic nuclear plants. [en ligne]
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climates. For example, the Barakah nuclear power plant in the United Arab Emirates was modified
for the climate of the Persian Gulf based on a South Korean model (World Nuclear Association,
2017)24 . However, for existing power plants, the possibilities for adaptation are limited and mainly
focus on the reinforcement of heat exchangers and water management at the level of the catchment area (Energie et Développement, 2019)25 .

Hydropower
According to the IPCC Special Report on Renewable Energy Sources (IPCC, 2011)26, water resources
are expected to develop differently from region to region. Divergent local developments are possible at the scale of catchment areas or even rivers. These variations may call into question the
viability of hydropower facilities designed on the basis of historical observations.
FIGURE 1

DEVELOPMENTS IN RUNOFF WATER RESOURCES IN % BETWEEN 1980-1989 AND 2090-2099 UNDER A PESSIMISTIC
EMISSIONS SCENARIO (A1B). THE HATCHED AREAS INDICATE REGIONS WHERE 90% OF THE MODELS CONVERGE IN
THE DIRECTION OF DEVELOPMENT; AREAS WHERE LESS THAN 66% OF THE MODELS CONVERGE HAVE BEEN LEFT
COLOURLESS (IPCC, 2011)

Beyond the average resource availability, variability must also be taken into account, particularly
for run-of-river installations or those with small reservoirs. An increase in inter-annual variability
leads to an increased risk of a sustainable electricity shortage. These long periods of drought,
such as the East African drought of the 2000s, have serious economic consequences in countries
dependent on hydropower and can have a lasting impact on energy choices (see Kenya country
profile). Greater intra-annual variability can increase the risk of flooding and therefore production

24 World Nuclear Association, 2017. Barakah Nuclear Energy Plant Plant Cooling Water System Development. World Nuclear Performance Report 2017 Case
Study. [en ligne]
25 Energie et Développement, 2019. Comment EDF se prépare aux effets du changement climatique pour le secteur électrique. [en ligne]
26 IPCC, 2011. Renewable Energy Sources and Climate Change Mitigation.
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losses and damage to installations. The International Hydropower Association (2019)27 has recently
published a practical guide for its members to assess and reduce these risks.
Beyond their own activity, hydropower dam operators play a central role in two areas: in regulating the electricity system (since highly flexible hydraulic generation is often used to ensure grid
balance and facilitate the integration of variable renewable generation) and in regulating water
resources for downstream activities (thermal power plants, agriculture, drinking water, etc.). For
example, the Hoover Dam’s difficulties could deprive Los Angeles of one of its main sources of
electricity and threaten Las Vegas’ drinking water supply (Gober, 2010)28 . Some researchers go so
far as to consider the emergence of “failed cities” in this case (Muller, 2007)29.

Other renewable productions
Like hydropower, wind power exploits a resource directly linked to the functioning of the climate
system and is likely to vary significantly with climate change. For example, in China, the world’s
largest wind energy producer, production potential has already declined by around 15% since 1979
in the north of the country due to milder winters (Sherman, 2017)30. Wind power is also sensitive to
extreme winds, especially in the event of rapid changes in direction: several Asian off-shore wind
farms have been damaged by typhoons (Xiao, 2016)31 and models suggest that even recent standards are insufficient to be able to cope with the most violent hurricanes (Worsnop, 2017)32. However,
wind farms have the advantage of a relatively short lifespan – around 30 years compared to 40
to 60 years for a thermal power plant, and up to a century for a hydropower dam – which reduces
the extent of the changes they could face.
Solar production yield decreases with temperature. For photovoltaics, this decrease is about
0.3% for each additional degree. Thermodynamic solar energy, on the other hand, uses turbines
comparable to those of fossil or nuclear power plants and is subject to the same risks. In addition,
climate disruption could affect available sunshine by changing cloud cover. This means that solar
production is expected to vary slightly overall (Crook, 2011)33 . Solar installations are also sensitive
to extreme weather events (strong winds, hail, etc.). Feedback on these risks has been provided
to improve the resilience of projects, particularly after the damage caused by the 2017 hurricane
season (Burgess, 2018)34 .
Isolated studies indicate that biomass resources (Wilbanks, 2008)35 and marine energy potential
(Harrison, 2005)36 may also change significantly with climate.

27 International Hydropower Association (mai 2019). Hydropower Sector Climate Resilience Guide.
28 Gober, 2010. Desert urbanization and the challenges of water sustainability. Current Opinion in Environmental Sustainability 2(3):144-150.
29 Muller & al. 2007. Adapting to climate change: water management for urban resilience. Environment and Urbanization, 19(1), 99–113.
30 Sherman & al. 2017. Wind-generated Electricity in China: Decreasing Potential, Inter-annual Variability and Association with Changing Climate. Scientific
Reports volume 7. [en ligne]
31 Xiao & al. 2016. Structural integrity of wind turbines impacted by tropical cyclones: A case study from China. Journal of Physics: Conference Series, Volume
753. [en ligne]
32 Worsnop & al. 2017. Gusts and shear within hurricane eyewalls can exceed offshore wind turbine design standards. Geophysical Research Letters
Volume44, Issue12. [en ligne]
33 Crook & al. 2011. Climate change impacts on future photovoltaic and concentrated solar power energy output. Energy & Environmental Sciences,4,
3101-3109.
34 Burgess & al. 2018. Solar under storm - Select best practices for resilient ground-mount pv systems with hurricane exposure. Rocky Mountain Institute. [en
ligne]
35 Wilbanks & al. 2008. Effects of Climate Change on Energy Production and Use in the United States. US Department of Energy Publications. [en ligne]
36 Harrison & al. octobre 2005. Climate sensitivity of marine energy. Renewable Energy, Volume 30, Issue 12 [en ligne]
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Transport and distribution networks
The maximum current that a power line or transformer can safely withstand decreases with
temperature. At constant consumption, current networks could therefore become undersized. For
example, in California, the heat waves expected at the end of the century would require power
line capacity to be increased by 7 to 8% compared to current levels and transformer installations
by 1 to 3.6% (Sathaye, 2013)37.
Abnormal periods of heat are also associated with an increase in the number of incidents on
both overhead and underground power grids. During the 2003 heatwave, the number of short circuits caused by contact with vegetation doubled on the French transmission network (RTE, 2004)38 ,
while distribution network failures caused outages for 240,000 households in the Île-de-France
region (Létard, 2004)39. These risks can be limited by maintenance operations (e.g. cutting trees)
and preventive maintenance.
Electricity grids are also sensitive to other meteorological hazards – wind, frost – the distribution,
frequency and intensity of which can be affected by climate change, as well as to their indirect
consequences – flooding, tree falls, landslides. According to the reinsurer Swiss Re (2017)40, the
insured damage caused by power cuts caused by floods, hurricanes or extreme temperatures
amounted to between 20 and 55 billion dollars for the year 2015 in the United States. Some risks,
such as fires and high winds, will also increase.

Consumption
Increased temperatures have had a short-term effect on electricity consumption. In the summer
period in France, an additional degree leads to an increase in demand of 400 to 500 MW (RTE,
2019)41. Combined with the decrease in the availability of thermal generation and the reduction in
system capacity, this increase can be problematic. This heat sensitivity of the demand depends in
particular on the amount of air conditioning equipment. It could therefore increase if households
equip themselves to cope with more frequent heat waves.
The electricity system is based on heavy infrastructure with a very long lifespan. Most existing
power plants or lines will still be in operation by the middle of the century, while those currently
under construction will probably see the 22nd century. This creates two distinct problems; on the one
hand, adapting existing installations to a climate different from that for which they were designed,
and, on the other hand, integrating long-term climate projections into the design of new projects.
The sector, which is already being shaken up by a wave of technical and economic innovation that
has not been seen since the beginning of electrification, is currently struggling to integrate these
new dimensions. However, there are initiatives that reflect growing awareness, such as the ECEM
and Climate4Energy projects, which bring together research centres (CEA, U.K. Met Office, Swedish
Meteorological and Hydrological Institute, etc.) and operators (EDF, Shell, Statkraft, etc.) to provide
climate data and methodologies tested in hydropower.

37 Sathaye & al. 2013. Estimating impacts of warming temperatures on California’s electricity system. Global Environmental Change, Volume 23, Issue 2,
Pages 499-511.
38
39 Létard & al. 2004. La France et les Français face à la canicule : les leçons d’une crise. Rapport d’information n°195 (2003-2004), mission commune d’information, Sénat. [en ligne]
40 Swiss Re, 2017. Lights out: The risks of climate and natural disaster.
41 RTE, 2019. L’équilibre offre-demande d’électricité pour l’été 2019. [en ligne]
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