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Climate change is expected to have impacts on the power sector, leading to, among others, a need for adaptation
measures in the sector in the near future. This paper analyses the need to adapt to climate change impacts for
power generation technologies in Europe until 2100. Europe is broadly divided into four geographic climate
zones, for which regional climate change impacts are quantified with the help of the ENSEMBLES RT2b data.
The European future technology mix is based on two Eurelectric energy scenarios: ‘Baseline 2009’ and ‘Power
Choices’. A Risk Assessment Model is formulated which assesses the cost to power plants for adapting to climate
change. The analysis shows that thermal generation units most urgently need adaptation measures against
floods, whereas off-shore wind power plants would need to take adaptation investments against sea level rise.
Furthermore, electricity grids need to adapt to the increased incidence of storms. Finally, hydro generation in
the Mediterranean regions needs to adapt to lower levels of precipitation.

© 2015 International Energy Initiative. Published by Elsevier Inc. All rights reserved.

Introduction

Climate change, as indicated in the IPCC’s Fifth Assessment Report, is
expected to heavily impact on today’s society, including the power
sector (IPCC, 2014). Effects of climate change include an increase in
the frequency of extremeweather conditions, an increase in mean tem-
perature and modification of the regional water and wind cycles. These
climate change indicators are expected to have an impact on the power
sector such as causing supplementary infrastructural needs or not
allowing machinery operations at 100% due to the impacts of climate
change. For these reasons, it is foreseen that there will be a need to in-
vest in climate change adaptationmeasures for electricity generating fa-
cilities in the near future and the quantification of these investments is
one of the purposes of this paper, as well as estimating the costs for lost
generation due to climate change.

The European Strategy on adaptation to climate change, adopted in
June 2013, established climate change adaptation as a core feature of
the EU’s climate change policy (EC, 2009a, 2009b; European Council,
2013). Climate change mitigation aims at reducing possible future im-
pacts by dealingwith the drivers of climate change (e.g. reducing green-
house gas emissions), while climate change adaptation aims at
minimising the impacts and negative consequences of climate change
by building resilience into sensitive systems or by exploiting potential
benefits. Clearly mitigation is not coming about quickly enough, due
to the stalled conference of parties (COP) negotiations and as a result
adaptation measures need to be considered urgently to prepare for
the impact of climate change.

The power sector is particularly sensitive to climate change, as its
successful operation depends on a number of climate-related condi-
tions. Changes to these conditions could strongly impact the entire
value chain of the power sector, affecting electricity generation and in-
frastructure, as well as electricity consumption patterns.

The European Strategy on adaptation to climate change proposes a
framework, following the published Commission’s Impact Assessment
of April 2014, for EU-wide policy action strategy at EU, Member State
and local levels (EC, 2007, 2013). It enlists the possible climate change
impacts on the power sector, particularly through its link to water sup-
ply, rising sea levels and coastal area management. The Impact Assess-
ment suggests that existing legislation should be integrated, e.g.
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European Water Framework Directive, European Floods Directive, and
the European Marine Strategy Framework Directive. It also sheds
some light on future policy developments. Change in water supply, in-
creased incidence of floods and sea level rise can be considered a
major threat for operating power plants.

IPCCWorking Group 1 (Solomon et al., 2007) expects the global av-
erage temperature to increase by about 0.2 °C per decade for the next
two decades. Moreover, the impacts of climate change vary regionally;
Northern Europe is expected to experience increased annual precipita-
tion and higher winter temperatures, while Mediterranean Europe is
expected to experience decreased precipitation and will be most vul-
nerable to increased summer temperatures and droughts. The average
wind speed is likely to increase, leading to an increase of extreme
weather events and a higher output of wind generation. In Central-
Eastern Europe, precipitation is likely to decrease in summer, with
more frequent droughts, and increase in winter. The snow season is
very likely to become shorter and snow depth across most of Europe
is projected to decrease. The increased occurrence of heat waves, for in-
stance, is likely to affect the cooling of nuclear and gas-fired power
plants, but could also lead to increased demand from peak plants (gas
turbines and pumping stations). Droughts would reduce the output
from hydro power plants, due to lower levels of water inflows into the
hydro reservoirs. Electricity networks may be overloaded because of
sudden increases in the power demand for cooling, which increases
also the chances of contingencies due to extraordinary hot weather
events.

Parry et al. (2007) provides a detailed overviewof possible effects on
the power sector in the 21th century and regional variations of the im-
pacts. This is important as the regions have different electricity genera-
tion mixes, available resources and climate- or electricity-related
policies and agreements. Climate change impacts will vary depending
on the electricity generation technology concerned (i.e. fossil fuels, re-
newable energy sources (RES) and nuclear). Following Parry et al.
(2007), one of the purposes of this paper is to categorise and assess
the impact of the different climate change effects per electricity genera-
tion technology.

This paper is original in its focus on adaptation measures to climate
change throughout the power sector value chain. Seljom et al. (2011)
identify the effects of climate change to the power system in Norway
and shows, among others, that the reduction in cooling demand far out-
weighs the increase in heating demand. Dowling (2013) takes this one
step further by identifying the impacts of climate change on the EU en-
ergy system and concludes, for instance, that the impacts will be larger
in Southern Europe than in Northern Europe. Taseska et al. (2012) stud-
ies the climate change impacts on energy demand in Macedonia and
looks especially at the costs of no action and benefits of adaptation.
Chu andMajumdar (2012) discuss the challenges for reaching a sustain-
able energy future and focus on climate changemitigation.Mideksa and
Kallbekken (2010) make a review of the impact of climate change on
the electricity market, while Tung et al. (2013) apply this to the
Taiwanese power market. Hence, climate change impact adaptation in
the power sector is not well-covered in the literature.

Themain researchquestions of this paper are:Which climate change
impacts are relevant for electricity generation technologies? What will
be the severity of these impacts? To address these research questions,
this paper details the possible impacts of climate change effects for
each electricity generation technology. From a policy perspective, this
paper aims at detailingpreventive investments andoperational changes
that can be taken by power plant operators in the EU to reduce possible
climate change impacts in the power sector. This is done by pointing out
the differences in climate change impacts per technology and climate
zone, since the technology mix and the local conditions differ between
climate zones. The main objectives of this paper are, first, to quantify
the costs due to lost generation by power generation units by adapting
to climate change impacts and, second, to identify investment needs to
make power units more resilient against climate change impacts.

The outline of the paper is as follows. The next Section presents the
underlying energy scenarios fromwhich the future technology mix can
be derived, whereas the third Section presents the climate change sce-
narios used, which aims at sketching a possible future with substantial
mitigation effort (Power Choices, over 90% greenhouse gas reduction
by 2050 in the power sector) or no substantial mitigation effort (Base-
line 2009). The method for risk assessment for climate change adapta-
tion by power plants is presented in the fourth Section, whereas the
fifth Section motivates the quantification of costs needed for climate
change adaptation by power plants. The results are presented and
discussed in the sixth Section. The final section concludes and provides
recommendations.

Energy scenarios

In order to estimate the size of the EU power sector, the level of gen-
eration in 2050 by various technologies in the “Baseline 2009” and the
“Power Choices” scenarios of Eurelectric (2010) are used. Themain rea-
son for working with these scenarios is that they have a relatively long
time horizon, namely until 2050, and it includes all existing climate and
energy policies implemented or planned to be installed by 2020, and
these are also being used for EU policy making. The Baseline 2009 is in
line with the IPCC A1B climate change scenario, whereas the Power
Choices scenario is a situationwithmore ambitious and successfully im-
plemented mitigation measures. In the latter scenario the climate
change impact is lower, namely a global average temperature increase
of 2 °C as compared to an increase of 3.4 °C in the Baseline 2009. There-
fore, the climate change impacts under Power Choices are 41% (1–2/3.4)
lower than in the Baseline 2009.1

Hence, two energy scenarios of Eurelectric (2010) are followed:

Baseline 2009: A baseline scenario, where today’s trends are extrapo-
lated until 2050.

Power Choices: A mitigation scenario, where a 75% greenhouse gas
reduction target will be achieved overall by 2050
(over 90% in the power sector).

Table 1 shows the development in terms of the share in main tech-
nologies in 2010 and 2050 and the changes in demand which drive
the two Eurelectric (2010) scenarios.2

Thermal power plants, including biomass combustion, can be con-
sidered jointly together in the sense that all would not respond well
to floods and that they have a need for cooling. They differ when the de-
mand forwater is concerned (Macknick et al., 2012),where stand-alone
gas turbines need negligiblewater, if any. Hydrowill be particularly sen-
sitive to thewater cycle, which is also sensitive to climate change. Final-
ly, mostly intermittent, renewable technologies are relatively new and
largely insensitive to climate change impacts. The transmission and dis-
tribution grid, however, even today, is already quite susceptible to
weather conditions (Mei et al., 2011) and will be in need of precaution-
ary measures to adapt to climate change.

1 Alternatively other scenarios could also have been followed. However, these two sce-
narios were among the first to have a time horizon until 2050 at the time when our re-
search was undertaken. Such other scenarios are not evaluated in our paper. Such
scenarios could also include additional small-scale distributed solar PV and importation
of concentrated solar-generated power from North Africa, among others.

2 The two energy scenarios used in this study also have demand projections. Wewould
like to stress that these scenarios also show two paths of demand development. The elec-
tricity demand in the baseline 2009 scenario is expected to grow slower than in the Power
Choices scenario. This reflects opportunities to replace electricity generationwith low car-
bon renewable technologies in achieving a 75% reduction in greenhouse gas emissions.
Hence, demand could vary and are dependent, in part, on changes in climate. This is espe-
cially true for year to year changes in periods of excessive heat (expected to increase with
climate change) andperiods of excessive cold (expected to decreasewith climate change).
The paper points out the adaptation costs for power plants under these extreme events.
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