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a b s t r a c t

Germany is liable to miss its greenhouse gas reduction target for 2020. Nonetheless, additional political
measures such as an early phase-out of coal-fired power plants might make it possible to reach this
target. However, this generates several (conflicting) challenges, which arise from the technical, envi-
ronmental, economic, and social implications.

An integrated assessment of phasing out coal-fired power plants was therefore performed by inves-
tigating impacts on the German energy system, the economy, and public perception. The latter is
explored by analyzing representative data from our latest annual survey of the German public. Economic
impacts on the sectoral level are illustrated by an input-output analysis. Furthermore, an energy systems
model examines the long-term technical consequences.

Our scenario-based analysis shows that phasing out coal in the German electricity sector is not suf-
ficient to fully meet German emission reduction targets. Additionally, the input-output analysis indicates
strong sensitivity with the CO2 certificate price, only resulting in an overall economic benefit in the case
of a high certificate price. The survey shows that public acceptance of coal for electricity generation is low
and decreasing. By combining all the results, a more detailed analysis was performed of the conse-
quences of an early phase-out of coal-fired power plants.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

1.1. Motivation and background

Germany is liable tomiss its greenhouse gas reduction target for
2020. Nonetheless, additional political measures such as an early
phase-out of coal-fired power plants might make it possible to
reach this target. However, this generates several (conflicting)
challenges, which arise from the technical, environmental, eco-
nomic, and social implications.

Despite their high CO2 emission rate, coal-fired power plants
provided over 41% of the electricity generated worldwide in 2013
[1]. In Europe, coal continues to play an important part in the
electric supply generating 26% of total electricity in 2013. Germany

also relies heavily on coal for generating 45% of the electricity
supply and is thus above the world average. As a result 34% of the
energy-related carbon dioxide emitted in Germany stems from the
use of coal-fired power plants [2]. In order to reach the German
climate mitigation targets especially coal-based energy is a matter
of concern and, thus, recent debates in Germany question the time
schedule of decommissioning coal-fired power plants. Some po-
litical parties [3] and NGOs [4] propose an early phase-out, leading
to stepwise decommissioning of lignite-fired power plants with a
total capacity of 2.7 GW (cf. [5e7]).

Similarly to the political goals in Germany, on 8 June 2015 the
British daily newspaper the Guardian ran an article entitled “G7
leaders agree to phase-out fossil fuel use by end of this century” [8].
In the case of coal, national policies seem to pursue this target. The
U.S clean power plan is one example announced by President
Obama and the United States Environmental Protection Agency
(EPA) on 3 August 2015. The United States Energy Information
Administration (EIA) used a pre-version of this policy in calculating* Corresponding author.
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the impact on coal-fired power plants in the United States. The
findings indicated a doubling in the phasing out of coal-fired power
plant capacity until 2040 in comparison to the reference scenario
[9]. The United Kingdom is closer to achieving a complete phase-
out of coal, where the process started in the mid-1980s. The
amount of electricity in the UK provided by coal-fired power plants
decreased from the 1990 level from over two thirds to under 30% in
2014 [10,11]. Most remaining power plants, except one, were built
before 1975 [10] and are due to be decommissioned by 2025 ac-
cording to an average lifetime of 50 years. Recent commentaries
emphasis that the phase-out has almost been completed (cf.
[12,13]). However, smaller countries also plan to phase-out coal-
fired power plants. Denmark, for instance, aims to phase out the
use of coal for electricity generation by 2035 [14]. This underlines
the prominence of coal phase-out strategies not only for the
German case but worldwide to achieve greenhouse gas mitigation
targets.

As an early coal phase-out may cause not only positive ecolog-
ical impacts but may also lead to economic and social changes. We
used an integrated approach in order to analyze these possible
impacts and interdependencies resulting from an early phase-out
in Germany. Our approach combined methods from economics,
engineering, and social science to produce findings that provide a
more robust assessment of future energy systems.

However, the consequences of an early coal phase-out are
manifold and thus also negative consequences are feared. For
instance, the employment rate could be negatively impacted by
closing down coal-fired power plants (see e.g. Ref. [15]). In Ger-
many, currently more than 30 000 people are employed in the coal
mining industry and in coal-fired power plants. Most of these jobs
are thus endangered. However, coal-fired power plants have to be
replaced eventually. The construction of power plants with
renewable energy sources and amore extensive use of such sources
(as well as of gas-fired plants) may create new jobs.

1.2. Literature overview

Energy demand and energy supply do not exclusively depend
on technical factors. For instance, changes in energy systems could
affect the overall economy (see e.g. Ref. [16]). That is why tradi-
tional energy systems models need to be extended by linking
them with other models or by integrating features such as public
perceptions and behavior as constraints. Frequently, input-output
models are used to assess the impact of changes in energy sys-
tems on the economic development of individual sectors as well as
on the overall economy (see e.g. Refs. [17e20]). Usually, the
models are linked by using a soft-link approach allowing models

to be applied independently. In contrast, a hard-link approach
analyzes simultaneously the changes of technical and economic
structures (see e.g. Refs. [21,22]). However, the models cannot be
used separately and model adjustments are more difficult to
implement.

Social aspects have been considered in a few studies on energy
systems (see e. g. Refs. [23,24]. But up to now, social sciences dis-
ciplines, methods, concepts, and topics have rather been underu-
tilized in energy research (see e.g. Refs. [25,26]). A quantitative
content analysis of 4444 research articles published in the journals
‘The Energy Journal’, ‘Energy Policy’, and ‘Electricity Journal’ from
1999 to 2013 revealed that only 19.6% of the authors reported
training in any social science discipline [25]. Less than 0.3% of au-
thors reported disciplinary affiliations in areas such as history,
psychology, anthropology, and communication studies. Of the 4444
articles, only 12.6% applied qualitative methods and less than 5% of
citations were from social sciences and humanities journals [25].
Furthermore [27], have shown that societal limitations, such as
social acceptance and political feasibility, are only sporadically
considered in energy scenarios published by German public actors
(e.g. by the Federal Ministry for Economic Affairs and Energy
(BMWi) or the Federal Environment Agency (UBA). Therefore, this
study addresses current weaknesses in energy research by
demonstrating how the integration of quantitative empirical social
research, macro-economic input-output analysis, and technical
energy system models can improve energy systems assessment.

1.3. Contribution of the study

There are several important areas in which this study makes
an original contribution to energy research. Firstly, the paper il-
lustrates a new integrated approach to addressing the technical,
economic, and social dimensions predominantly influencing the
transformation of energy systems. Furthermore, by applying our
approach to the case of the German coal phase-out, we derive
findings that provide more robust information for the current
debate on the German national greenhouse gas reduction
strategy.

In this manner, we can show that our integrated approach re-
sults in different future energy systems compared to stand-alone
approaches. These differences can reveal possible conflicts or in-
consistencies in previous transformation pathways for energy
systems and might enable decision makers to avoid them. In this
way, our approach can provide a multifaceted and, thus, a more
robust basis for public policy research.

To explain our approach and its application to the German coal
phase-out, we organize our paper as follows. First, we describe the
three methodological parts of our assessment approach and how
we combine them (cf. Section 2). This also includes our chosen
scenario framework. We then present our results (Section 3) and
discuss their implications.

2. The applied integrated assessment approach

We developed an integrated approach in order to investigate the
impacts of a coal phase-out in Germany on the technical energy
system, the economy, and public perception. This approach com-
bines a survey on public perceptions, a macroeconomic input-
output model, and an energy system model. The following sec-
tions will explain each methodological step in more detail.

2.1. Representative survey on the public perception of a coal phase-
out in Germany

In order to assess the public perception of a coal phase-out in
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