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Decarbonizing the EU electricity sector
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Headlines
Decarbonisation of the electricity generation sector is an
important factor in reaching the EU climate targets. The
greenhouse gas (GHG) emissions for electricity generation
and heat production in the EU-28 and Switzerland
accounted for 24% of total emissions in 2016, representing
one of the main emission sources in Europe. Nevertheless,
the sector is already on a path of greenhouse gas emission
reduction due to the growing share of renewables and
shrinking fossil fuel-based capacities. These trends are
expected to continue in the future as renewables become
more competitive while coal power plants more obsolete.
Power plants in Europe are ageing and, thus, several existing
plants are expected to be phased-out soon, regardless of
any climate policy. On the one hand, this means a good
chance for decarbonisation due to the decommissioning
of old and inefficient coal power plants or upgrading
them to sustainable biomass firing. On the other hand,
planned closure of nuclear power plants may affect climate
mitigation efforts in the electricity sector.
While the closure of old power plants is projected, this
can be sped up by phase-out policies both for coal and

nuclear. Coal phase-out plans with shorter deadlines can
significantly contribute to meet the EU decarbonisation
targets.
Although the role of nuclear has been viewed differently by
the EU Member States, renewable-based power generation
has been unanimously accepted as an ultimate strategy
and plausible alternative for decarbonisation. The EUCalc
model allows the user to investigate a large number of
scenarios of renewable energy exploitation, from a low
mitigation effort to an extreme expansion by 2050.
The closure of old powerplants and insufficient investments
into renewables can lead to scenarios in which natural
gas would be required to fill the gap between supply and
demand, as a dispatchable energy alternative to tackle the
intermittency of renewables.
With ambitious targets both on supply and demand sides,
as well as a wisely chosen balancing strategy that relies
on low-carbon storage solutions such as batteries and
pumped hydro storage can reduce the role of natural gas
as balancing and flexibility fuel.

The EUCalc project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 730459.

The EUCalc model and the Transition Pathways Explorer
The EUCalc model user interface - the Transition Pathways Explorer - is a tool that allows users to build a pathway
to a net-zero carbon future at European and Member State level. Its scientific mission is to provide a sophisticated,
yet accessible, model to fill the gap between integrated climate-energy-economy models and the practical needs of
decision-makers. The model relates emission reduction with human lifestyles, the exploitation and/or conservation of
natural resources, job creation, energy production, agriculture, costs, etc. in one highly integrative approach and tool
which enables decision-makers to get real-time policy support underpinned by comprehensive trade-off analyses.
Politicians, innovators and investors can use the EUCalc Transition Pathways Explorer to create their own pathways to a
low-carbon future online, in real-time and together. This tool can help policy makers in the EU28 + Switzerland explore
the routes they can take to delivering climate protection, whilst securing energy and other important policy priorities.

The EU Calc’s model Electricity Module
The module calculates electricity production and its related CO2 emissions based on levers that define the installed capacity of
power generation, according to different technologies. Considering the intermittency of renewables, as well as the variations
in electricity demand, further storage technologies or natural gas-based capacities are added to the electricity generation
mix. With this concept, the module simulates the impact of different scales of penetration of renewable-based technologies,
phase-out schedule of coal power plants and the different shares of nuclear energy. All of them influence the long-term,
economy-wide GHG emission reduction objective, which is to achieve a fully decarbonised power generation sector in Europe.
Figure 1 illustrates some of the main variables associated with the EUCalc power sector module.

Figure 1: Illustrative scheme of the main variables associated with the EUCalc’s power sector.

A major change has been going on in the power generation sector of the EU with a significant increase of renewables
technologies and an accelerating decrease of burning fossil fuels. Currently, the main source of GHG emissions, accounting
for 51% at EU level [1], is the coal-based power plants, thus phasing them out and substituting them with renewables or even
natural gas can lead to significant carbon mitigation pathways.
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The recent growing share of renewables has been led by policy incentives and the decreasing costs and economic maturity
of renewable technologies, whereas fossil fuel-based power capacities have been reducing due to the ageing of power plant
stock and phase-out policies. These trends are expected to continue in the future as renewables become more competitive
[2], whilst coal power plants become more obsolete [3]. In general, all fossil fuel-based power generation capacities in Europe
are ageing, representing an opportunity for renewables to substitute them [4]. Natural gas-based power generation may play
a role in balancing the growing intermittency coming from a large share of wind and solar power in the energy mix due to its
flexibility (dispatchability) [5]. However, battery storage and other forms of flexibility solutions, such as the combination of
different renewable technologies and smart grids, increasingly provide auxiliary services and the ability to reduce the peak
load of electricity with a chance to even rely less on natural gas as single source for balancing.
All these measures are within the scope of the electricity generation modelling within the energy supply module of the EUCalc
model.
Generating sustainable pathways for EU electricity by 2050
Emissions from electricity production scenarios simulated in the EUCalc model result from the amount of electricity needed
(depending on demand side actions, not detailed here, given that they are modelled in other modules of the EUCalc model)
and the mix of technologies required to generate that amount of electricity. The latter is subject of policy debates and
different targets, and as such a range of policy levers represent different ambition trajectories for different power generation
technologies. These policies or intentions, let them be national or EU level, start from the composition of the current electricity
generation mix and draw scenarios following a specific policy intention. The solution for decarbonisation of electricity
production is focused on three main strategies:
The phase-out of high emission technologies;
High share of renewables; and
The role of nuclear power.
The phase-out process is driven by economic necessity (due to ageing of plants) or by policies, for example, in case of coal, many
EU countries have dedicated policies to phase it out [4]. The EUCalc electricity module offers the opportunity to investigate
the different timings of phase-out and its impact on decarbonisation pathways. Regardless of policies, coal-based power
generation is forecast to decrease; however, regulatory policies can speed up the phase-out process, contributing significantly
to timely decarbonisation efforts [6].
In order to demonstrate the impact of phase-out and the capabilities of the EUCalc model, two scenarios for Poland are
presented in this brief. Coal is the main source (around 80%) of electricity production in Poland, making it one of the largest
emitters in the EU. However, Poland does not seem to have a dedicated phase-out strategy for coal, thus the EUCalc model
analysis could help policy makers in Poland, among other European countries, to assess options and implications.
Figures available within Table 1 were obtained from the EUCalc Transition Pathways Explorer (see weblink at the end of this
brief), and demonstrate simulations for two different illustrative scenarios. The first is the case of no coal phase-out combined
with minimal ambitions in low-carbon solutions that could replace coal. As shown on the figures in Table 1, natural gas will
replace coal with the associated emissions. Here, the decrease of coal- based power generation is the result of closure of
ageing power plants that most likely will happen even without dedicated phase-out policies. The second case analysed leads to
decarbonisation by combining forced phase-out of coal, high levels of ambition in nuclear, as well as high levels of renewables,
mostly wind power, even exceeding the production of nuclear. Nevertheless, considering the intermittency of wind power, this
decarbonisation pathway is only possible if there are low-carbon flexibility solutions added to the mix. These pathways were
simulated using a preliminary version of the EUCalc model in 2019 and, therefore, future updates of the Transition Pathways
Explorer may affect the results here shown.

1
Levers’ can be defined as varying weight of a selected set of parameters that end users of the EUCalc Transition Pathways Explorer can use to develop their preferred pathways to 2050
according to their GHG mitigation objectives, each of them with four levels of increasing ambition (‘levels’ 1 to 4) to reduce GHG emissions by 2050).
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Table 1: List of figures according to two different demonstration pathways for the power sector, using the EUCalc model (2019 version).
No coal phase-out and minimal ambitions in
renewables and nuclear, and its implications on
emissions and power generation

Quick coal phase-out and high ambitions in nuclear and
renewables with low-carbon flexibility solutions, and its
implications on emissions and power generation

Although the above cases represent extreme situations, they illustrate the features of the EUCalc model, in which users can
explore different options and pathways in detail. Moreover, other factors not included in this analysis, such as ratio of CCS
(Carbon Capture and Storage) and changes in the electricity demand can further affect GHG emissions in Europe by 2050.
The above example communicates the necessity to combine different measures for efficient decarbonisation. Regarding
nuclear power, it must be mentioned that its role divides opinions. Whilst some EU Member States aim to phase it out
as soon as possible, others would prefer to maintain it and consider it as an instrument for decarbonisation. The impacts
of different nuclear policies (i.e. phase-out, maintenance, new-built) and their timing are also an important aspect of
developing decarbonisation pathways.
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To reflect and represent these views on nuclear within the electricity module of the EUCalc model, a lever about nuclear
power generation was developed. However, our analysis for the ambition trajectories, also based on literature review and
stakeholders’ consultations, shows that even with a highly ambitious policy to maintain nuclear, the total capacities of
nuclear power stations within the EU still tend to decrease over time, and, therefore, reducing their role in decarbonising
the power sector.
While there are different approaches to nuclear power, EU Member States unanimously look at renewables for
decarbonizing their electricity mix. This approach was reinforced by accepting the Renewable Energy Directive, that
defines different, legally binding targets for each Member State [7]. The EU target for 2030, for example, requires
at least a 27% share of renewable energy consumption [8]. Nevertheless, the historical experience, current situation
and, more importantly, the renewable electricity potential that can be locally exploited in the coming decades vary
among Member States. The electricity module of the EUCalc model allows users to investigate different amounts of new
capacities of renewable-based power generation up to an extreme exploitation of the available potential, in order to
assess the impacts and investment levels that would be required to meet the demand sustainably. The EUCalc model
trajectories of the power sector were calibrated using several references [9] [10] [11] [12] [13] [14]. A growing share of
renewables may lead to a growing intermittency of electricity supply, which can be addressed in the EUCalc Transition
Pathways Explorer through a lever about balancing strategies, in which the user can set the portfolio for flexible solutions
(including battery storage, pumped hydro storage and other technologies) where the flexibility of the system is assessed
by hourly resolution for both the electricity supply and demand (i.e. matching two times 8,760 datapoints for a year).
Nevertheless, certain trajectories on the demand side can result in growing electricity need that combined with delayed
development of alternative flexibility solutions can lead to a growing use of natural gas as a source of flexibility and
balancing in electricity generation with the associated GHG emissions.
Our analysis shows that the electricity grid needs to include low-carbon flexibility solutions (balancing strategies) to
adapt to the growing intermittency by weather dependent renewables and the shrinking capacities of base load power
plants due to phase-out decisions. In addition, the Final Report of the High-Level Panel of the European Decarbonisation
Pathways Initiative emphasizes the need for systematic thinking as it calls for new technologies to produce, convert,
store and use zero carbon electrons and molecules. The report states that flexible (dispatchable) generation is an enabler
of solar and wind integration, while it must fit within an increasingly restrictive carbon space [15]. The European Green
Deal communication by the European Commission also emphasizes the role of smart integration and smart infrastructures
enabling the clean energy transition [16].
In summary, policies may switch from supporting certain technologies into a systematic approach in order to decarbonize
the operation of the whole electricity grid mix. The closure of old power plants, lag in development of low-carbon
flexibility solutions and insufficient investments into renewables can lead to scenarios in which natural gas (with
associated emissions) would be required to fill the gap between supply and demand, and as a dispatchable energy
alternative to tackle the intermittency of renewables.
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Further information on the EUCalc project:
The EUCalc project aims at providing a highly accessible,
user-friendly, dynamic modelling solution to quantify the
sectoral energy demand, greenhouse gas (GHG) trajectories
and social implications of lifestyle and energy technology
choices in Europe.
The novel and pragmatic modelling approach is rooted
between pure complex society-energy systems and
integrated impact assessment tools. The EUCalc model with
its user interface - the Transition Pathways Explorer - has
been designed to be both accurate but also accessible to
decision-makers and practitioners. It covers all sectors and
can be used by one or many people. The model is also open
source so that experts can refine the model itself. The tool
will have an e-learning version, the “My Europe 2050” tool
as well as a Massive open online course (MOOC). See more
on the EUCalc project, its scientific reports and all other
outputs and access the Transition Pathways Explorer at:
www.european-calculator.eu
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The Policy Briefs on Pathways towards a European Low Emission Society, summarises key finding of the
EUCalc project with a clear policy orientation, which provides practical climate change mitigation insights to
both EU and individual Member States decision-makers. These policy briefs cover the following topics:
No. 1

The role of lifestyles changes in EU climate mitigation - Insights from the European Calculator

No. 2

Innovation and technology development - Decarbonisation pathways for manufacturing & production sector

No. 3

Long-Term Renovation Strategies: How the building sector can contribute to climate neutrality in the EU

No. 4

Avoid, shift, improve - Decarbonisation pathways for the transport sector in Europe

No. 5

Mitigating GHG Emissions through Agriculture and Sustainable Land Use - An Overview on the EUCalc Food &
Land Module

No. 6

Decarbonizing the EU electricity sector - From ageing powerplants to renewable energy futures

No. 7

Implications of decarbonizing the EU economy on trade flows and carbon leakages - Insights from the European
Calculator

No. 8

Impacts of European air pollution on human health - A brief assessment of the EUCalc scenarios

No. 9

Pathways towards a fair and just net-zero emissions Europe by 2050

Find out more:
Potsdam Institute for Climate Impact Research (PIK)
Telegraphenberg A 31
14473 Potsdam – Germany
Prof. Dr. Jürgen Kropp
E-Mail: nsp@pik-potsdam.de
www.european-calculator.eu
Twitter: @EU_Calculator
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