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1. Introduction 
In this report, we present, develop, and analyse detailed methodologies for the implementa
tion of the ACER’s options to consider climate change in the scope of RAA (Resource Ade
quacy Assessments).   
 
The objective of RAA is to assess the average number of hours in which a country’s electric
ity demand cannot be met by domestic available resources or via imports through intercon
nections (Loss of Load Expectation or LoLE). RAA typically relies on a Monte Carlo simula
tion, which is used to simulate each target year several times with different random inputs to 
obtain a large sample of results, representative of possible future states of the grid. The ob
jective is thus to obtain a robust outcome in the face of uncertainty. Random inputs include 
variables dependent on the climate profiles (RES generation, demand) and random outages 
events derived from available statistics. 
 

 
Figure 1. Monte Carlo simulation in ERAA 

 
The ERAA methodology as approved by ACER on the 2nd of October 2020, which is also the 
basis for national RAA in the EU, aims at ensuring a realistic assessment of resource ade
quacy, by requiring that the best forecast of the system state will be used to assess as best 
as possible the overall adequacy of the electric power system to supply current and pro
jected demand levels. As such, it aims to best reflect system development trends, including 
changes of generation capacity mix, change of demand patterns, network development, 
trends in market design and others. 
 
One relevant driver for system development trends is climate change. The ENTSO-E meth
odology for ERAA as approved by ACER thus suggests that the evolution of future climate 
conditions or climate change should be taken into account in RAA. In its decision on the 
methodology, ACER suggests3 three potential options to reflect climate change in the PECD 
(Pan European Climate Database):  

I. Rely on a best forecast of future climate projection; 
II. Weight climate years to reflect their likelihood of occurrence (taking future climate 

projection into account); or  
III. Rely at most on the 30 most recent historical climatic years included in the PECD.  

 
The ACER approval also states a minimum spatial and temporal granularity for the input 
data in RAA, including the variables derived from the climate data: 

• The market time unit (MTU) shall be smaller than or equal to an hour; and 

 
3 Article 4, 1(f) 

92©2020 Guidehouse Inc. All Rights Reserved

Weather uncertainties Outages uncertainties Combined uncertainties

M x N
Monte Carlo 

samples years

N random draws for 
unplanned outages

M random draws of 
interdependent climate 

years



 

5 
 

2. Literature research on impact of climate change on ade
quacy and power markets 

In this section, we present an analysis and summarise the main findings of the available aca
demic literature on the inclusion of climate change effects in power markets modelling. We 
distinguish two types of research:   

• Assessing climate change impacts on the elements of power systems in general, 
and  

• Assessing the impacts of climate change on adequacy.  
 
The key takeaways of this literature review can be summarised as follows: 

• Climate change is expected on average and depending on location to have a clear 
impact on power demand through increasing temperature, in particular, by decreas
ing heating demand in winter and increasing cooling demand in summer. The impact 
of temperature increase should also be expected on thermal capacity, decreasing 
thermal efficiency. 

• Precipitation will also be affected, decreasing the hydropower potential and water 
available for hydro power plants. In addition, there is an increasing the risk of power 
plant shutdowns during droughts, especially on power plants located along rivers. 

• The impact on wind and solar generation is less clear-cut. The findings about wind 
production are mixed, with diverging results across regions and between studies, 
suggesting both potential increases and decreases. Concerning PV generation, neg
ligible to small positive effects from changes in irradiance are expected, while tem
perature increase lowers efficiency.  

• Overall, climate change is expected to decrease LOLE due to lower demand over 
winter. However, in warm countries LOLE may increase because of higher summer 
demand.   

• Power plants failure rate is correlated to temperature, which might make it necessary 
to adjust the power plant fleet to climate change in order to meet security of supply 
standard when taken into account in adequacy assessments. 

2.1 Assessing climate change impacts on power systems in general 

Several studies assess more generally the impact of climate change on energy systems, un
derlying the regional differences in the impacts that could arise from climate change, and 
providing insights that can broadly be sorted in three categories: (i) impacts on the supply 
side; (ii) impacts on the demand side; and (iii) other impacts. The three sections below distil 
the main findings of the literature review in these three categories. 

2.1.1 Impacts on the supply side 

Energy production is expected to be affected by climate change. Indeed, renewable energy 
sources which are dependent on climate variables will be impacted by changes in precipita
tion, temperature, wind speed and solar irradiation: this is the case for solar, wind and hydro 
assets. As underlined by Cronin et al. (2018)4, the literature shows differences between im
pact studies which are mainly due to two factors: (i) the climate projections used as inputs to 

 
4 Cronin et al. (2018), Climate change impacts on the energy system: a review of trends and gaps, NIH 
(https://doi.org/10.1007/s10584-018-2265-4) 
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the impact models; and (ii) the impact model assumptions. Therefore, any impact should be 
viewed in light of this uncertainty as additional research is necessary in this field. For solar 
assets, although an increase in temperature decreases the efficiency of photovoltaic panels, 
it is expected to be offset by slightly higher levels of irradiance that would increase solar pro
duction. Furthermore, CSP output (Concentrated Solar Power systems) is expected to in
crease as the efficiency of CSP plants increases with temperature. 

The impacts of climate change on wind resources are mixed – results diverge across regions 
and between studies. In Europe, both an increase and a decrease in generation is reported 
in several studies. Pryor et al. (2020) indicate in their paper5 that the climate change impact 
on wind power generation is highly uncertain as it is very hard to predict whether wind speed 
will increase or decrease, at either global or regional scales. Therefore, results from studies 
should be seen in light of this uncertainty. 
 
Impacts on hydro assets are also mixed and highly dependent on the regions, as precipita
tion are either expected to increase or decrease differently per location. The meta-analysis 
conducted by Yalew et al. (2020) indicate a prevalence of projected decrease in hydropower 
potential in the studies they reviewed. This is the result of changes in precipitation, evapora
tion that affect the variability and volumes of water available for power plants. T.H. van Vliet 
et al. (2016)6 also highlight a decrease in usable hydropower plant usable capacity due to 
climate change in their study. 

 
Figure 2 Climate change impact on energy systems per warming level and regional level7 

 
Another expected impact will be on thermal power plants which might see their cooling sys
tems affected by temperature changes. Thermal generation efficiency might decrease and 
the risk of power plant shutdowns during droughts may increase. The largest impacts are ex
pected on power plants located along rivers: plants located along the same river may experi
ence highly correlated shutdowns. Additionally, plants relying on biomass or biofuels could 
see an impact on their combustible. 

2.1.2 Impacts on the demand side 
Impacts of climate change are also expected on the demand side, mainly from temperature 
changes that will affect both the shape and the overall volume of power demand. Indeed, 
changes in temperature affect heating and cooling requirements. Material changes in cooling 
requirements are expected to shift peak power consumption from winter to summer in some 
regions and might affect optimal transmission planning and peak-generation capacity in Eu

 
5 Pryor et al., “Climate change impacts on wind power generation”, Nature Reviews, earth & environment, 2020 
(https://doi.org/10.1038/s43017-020-0101-7) 
6 . T.H. van Vliet et al. (2016), “Power-generation system vulnerability and adaptation to changes in climate and 
water resources“, Nature Climate Change (https://doi.org/10.1038/nclimate2903) 
7 S. G. Yalew, et al., “Impacts of climate change on energy systems in global and regional scenarios”, Nature En
ergy, 2020 (https://doi.org/10.1038/s41560-020-0664-z), p4 
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