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Chapter 1
Introduction

Christian von Hirschhausen, Clemens Gerbaulet, Claudia Kemfert,
Casimir Lorenz, and Pao-Yu Oei

“The second path combines a prompt and serious
commitment to efficient use of energy, rapid development of
renewable energy sources matched in scale and in energy
quality to end-use needs, and special transitional fossil-fuel
technologies. This path, a whole greater than the sum of its
parts, diverges radically from incremental past practices to
pursue long-term goals.”
Amory B. Lovins (1976). Energy Strategy: The Road Not
Taken? Foreign Affairs, 6(20), p. 9.

1.1 Introduction

When Amory Lovins, Director of the Rocky Mountain Institute, set out the
conditions for a “soft path” of decentral, renewables-based energy development,
in 1976 (see quote), he could not foresee that four decades later, he would receive
the highest recognition for public service, the German Federal Cross of Merit
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(“Bundesverdienstkreuz”), for having spearheaded what is now called
“energiewende”. And in fact, between the publication of the book “Energiewende”
in 1980 by a scholar of Lovins’, Florentin Krause et al. (1980) to the ground-
breaking events in 2010/2011, pushing the energiewende further, many things
happened in energy and climate policy, in Germany, Europe, and the world, that
may have not been forecast by Lovins, and that have altered energy and climate
policy altogether.

Yet, under the impression of the Fukushima nuclear power plant disaster in
March 2011, the German government, legal system, civil society, and energy
industry again changed course in long-term energy and climate policy, confirming
earlier attempts to embark on a “soft path”. On a timeline extending to 2050, plans
were made to set strict emission caps on greenhouse gas (GHG) emissions, to rapidly
decommission all nuclear power plants (NPP), to significantly increase the share of
renewables in energy production, and to implement ambitious efficiency targets. The
long germination period, since the mid 1970s, leading to the re-orientation of energy
and climate policy—at a time when the German electricity sector was still largely
reliant on coal and nuclear power—is now commonly referred to as the
“energiewende” (Wende meaning turn or turnaround, sometimes also called the
“energy transformation”, “energy transition”, etc.) and has attracted substantial
attention, both in Germany and internationally. Initially considered a short-lived
epiphenomenon by many observers and openly opposed by the incumbent conven-
tional energy industry, the energiewende proved its critics and skeptics wrong, at
least partially. Overall, the reforms of the last decade can be considered a success,
with some of the targets being accomplished, and it still continues today with
widespread public support.

The energiewende (term we will use throughout this book) emerged at a time of
increasing debates of global warming and climate change (Houghton et al. 1990;
Stern 2007; WBGU 2011). Many countries in Europe and around the globe were
considering how to move to lower carbon energy systems, and most of them still are.
Thus, the European Union is still pursuing its decarbonization objectives of a 40%
reduction of greenhouse gas (GHG) emissions by 2030 (reference: 1990), and a
reduction of 80–95% in the longer term. The US, too, launched a program to reduce
GHG emissions under the Federal Clean Air Act, even though the current adminis-
tration has set out to stop this initiative; nonetheless, the US power sector is
constantly retiring coal plants, and is moving towards a coal exit as well (Heal
2017). Even in Asia, the region with the highest energy consumption growth rates
worldwide, countries such as China and India have identified the need for more
environmentally sustainable energy strategies and reduced coal consumption (IEA
2016). The 2015 Paris Agreement of the UN Convention on Climate Change, to
limit the rise of the mean global temperature to 2� and possibly even to 1.5�C has
increased pressure on governments and industry to accelerate their low-carbon
transformation policies. It comes as no surprise, therefore, that the energiewende is
being followed with great interest by observers worldwide, both with high hopes for
its potential positive impacts and with skepticism about its costs and financial
sustainability.
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The objective of this book is to present an in-depth look at the energiewende,
from its origins to its concrete implementation in Germany, as well as its impacts
within the European context and its medium- and long-term perspectives. Our
working hypothesis, based on extensive modeling exercises, policy consulting,
personal on-site case studies, and the growing literature, is that the energiewende
is a unique political-historical period that will transform the structure of the German
energy sector, leading to more decentralized energy production and decision-making
and transforming the structure of the energy industry within Germany and beyond.
So far, the energiewende has been a success overall, in particular because the
foundation for a renewables-based electricity system has been laid. Yet other
objectives had to be postponed, though, such as the GHG emission reduction target
for 2020 (�40%, relative to 1990). While the lessons of the energiewende do not
apply directly to all countries and regions worldwide, they offer insights from the
natural experiment of transforming a large-scale, conventional electricity system
based on coal and nuclear energy into a renewables-based system. Our analysis
focuses on the electricity sector, but we also address other challenges in the transport
and heating sectors, as well as the upcoming interconnectedness between the three,
called “sector coupling”.

The next section of this introductory chapter spells out the key characteristics of
the energiewende, which later chapters will analyze in more detail. Section 1.3 looks
at the German energiewende in the context of the energy and climate policy
literature. Section 1.4 presents a detailed outline of the book, and the last -
Section concludes with acknowledgements.

1.2 The Main Ingredients of the Energiewende

The German term “energiewende” is now commonly used throughout the world and
is now penetrating the English language the same was as have other German words
like kindergarten, bratwurst, wanderlust, or zeitgeist. In this book, we use the term
“energiewende” to refer to a political and societal process in the realm of energy and
climate policy, that was ongoing for quite some time already, but that accelerated in
Germany between September 2010, the German energy concept 2050, and June
2011, moment of the nuclear phase-out law. In the framework of the energiewende, a
series of decisions were made to pursue an energy and environmental policy that
would shift the German energy sector away from reliance on fossil fuels and nuclear
energy and make it more efficient, more decentralized, and more renewables-based.
The concrete targets include (see individual chapters for details):

• Reducing greenhouse gas emissions, compared to 1990 levels, by 40% by 2020,
55% by 2030, 70% by 2040, and 80–95% by 2050;

• Closing all nuclear power stations: seven units were taken offline in March 2011
and the remaining nine plants are scheduled to close by 2022;
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• Increasing the share of renewables for electricity generation to at least 38% in
2020, 50% in 2030, 67% in 2040, and 80% in 2050, and the share of renewables
in final energy consumption to at least 30% by 2030 and at least 60% by 2050;

• Setting ambitious targets for energy efficiency.

These quantitative objectives were designed with the general intention to foster
civil society participation in decision-making processes, in the production of energy,
and in the distribution of profits and rents. Thus, the energiewende has also intro-
duced a new energy policy paradigm in which a large share of decentralized,
individually and cooperatively owned companies generate power alongside “big
energy” companies; in 2015, over 67% of the new renewable electricity (wind and
sun) was generated outside the traditional utilities, by cooperatives, private pro-
ducers, etc. Although this objective is not set down in law, it forms the basis of the
public consensus on the energiewende (Rosenkranz (2014), Morris and Jungjohann
(2016), Davidson (2012)).

1.3 Current State of the Literature

There is a small, but rapidly growing literature on the energiewende. Members of our
team have done extensive work on the energiewende, including a first survey by
Kemfert (2014), a symposium volume published in the Journal Economics of
Energy & Environmental Policy (EEEP, Vol. 3, No. 2, Fall 2014, some of which
has been updated for the present book), a study on deep decarbonization in Germany
(Kemfert et al. 2013), and a collection of papers published by the German Institute
for Economic Research (DIW Berlin) in the quarterly Vierteljahreshefte (“Quarterly
Journal of Economic Research,” see Kemfert et al. (2013), in German). Similar
research by other scientists include a book by Unnerstall (2017) providing an
assessment of the current status of the transformation, with a focus on corporate
perspectives. Grubb et al. (2014) textbook on “Planetary Economics” contains many
of the discussions around the low-carbon energy transformation. Another book by
Schippl et al. (2017) covers virtually all facets of the energy transition but is,
however, restricted to German-speaking audiences. Other academic work is exten-
sively cited in the following chapters in this book.

A second, more policy-oriented branch of the literature looks at concrete techni-
cal, legal, and institutional aspects of the energiewende, mainly at the level of
individual sectors and/or projects. This applied literature stems from formal govern-
ment entities, public bodies, stakeholder circles, think-tanks, etc. The German
government issues the yearly Monitoring Report “Energy of the Future” (see
BMWi 2015, 2016), which is accompanied by a detailed assessment from an
advisory board to the Ministry of Economics and Energy (see BMWi and BMU
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2012; BMWi 2015, 2016; Löschel et al. 2015; Löschel et al. 2014, 2018). Agora
Energiewende, a think-tank financed by private foundations, has a 20-expert team
dedicated to analyzing the results of technical studies for the use in policy and the
public debate (see, for example, Agora’s twelve theses on the energiewende and the
big study on “Energiewende 2030—The Big Picture”, respectively (Agora
Energiewende 2013, 2018)).1 The same foundations also have a series of publica-
tions for journalists and the interested public, “Clean Energy Wire”, including
detailed off-the-shelf material.2 Another political foundation produces a series of
publications on the energiewende in an international context.3 Morris and Pehnt
(2016) and Morris and Jungjohann (2016) and Fechner (2018, in German) provide a
detailed account of this policy-oriented research.

A third branch of literature consists of comparative analyses situating the German
experience in a broader cross-country context. Early, most influential work on “The
Big Transformation” was carried out by the German Advisory Council on Global
Change (WBGU 2011), with several updates later on. The 2� target, that has become
a benchmark for global climate policy, also originated from this work (see for details
Schellnhuber (2015)). The German Section of the World Energy Council (2014)
conducted a comparison of six country-specific energy transformation processes
(in addition to Germany: USA, Brazil, China, Saudi Arabia, and South Africa). The
International Energy Agency (IEA) (2014) published the report “The Power of
Transformation—Wind, Sun and the Economics of Flexible Power Systems” on
the perspectives of wind- and solar-based electricity systems. The Intergovernmental
Panel on Climate Change (IPCC) on renewables provides valuable information at a
very detailed level (IPCC 2012), and the IPCC 5th Assessment Report (IPCC 2014)
discusses a variety of low-carbon pathways. Another book by Hager and Stefes
(2016) provides a comparison of Germany’s energy transition with international
peers such as the US and Japan. There is also ample literature on other countries
undergoing a low-carbon energy transformation, such as Denmark (Danish govern-
ment (2011)), the UK (DECC (2011), Foxon (2013)), France (Criqui and Hourcade
2015), the USA (Burtraw et al. (2014) and Heal (2017)), China (Li et al. 2018), and
India (Bhushan 2017; Singh et al. 2018). Last but not least, the energiewende has
even prompted business consultancies to develop specific indicators to put the
German experience into international context, such as McKinsey’s “Energy Transi-
tion Indicator”.4

1See https://www.agora-energiewende.de/en/
2See: https://www.cleanenergywire.org/
3See: https://energytransition.org/
4See: http://reports.weforum.org/fostering-effective-energy-transition-2018/?code¼wr123
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1.4 Structure of the Book

1.4.1 Part I: Historic Origins: The Energiewende
and the Transformation of the German Coal Sector

This book is divided into four parts. Part I (Chaps. 2 and 3) lays out the historical
origins of the energiewende with respect to the energy, environmental, and climate
policies that led up to it, as well as the specific transformation of the German coal
sector. In Chap. 2, we identify some long-term trends of energy policy in Germany,
going back to the turn of the last century; we also retrace subsequent developments
such as the Energy Industry Act of 1935, discuss similarities and differences
between energy policies in East and West Germany and their consolidation after
reunification, and look at more recent European attempts to liberalize national
energy sectors and create a single market. The chapter also covers important
developments that occurred with the “wind of change” in the early 1990s: the
emergence of a European climate policy, the first formal pushes towards renewables
targets, and the drafting of unbundling directives for the electricity and the natural
gas sectors. We identify elements of the energiewende as we go through time, since
1980, but focus on the developments between September 2010 and summer 2011,
which is, from a historical perspective, a crucial period. It took nothing less than the
March 2011 nuclear disaster in Fukushima, Japan, to establish the broad consensus
on the acceleration of the energiewende, i.e. the shutdown of nuclear power plants,
in combination with GHG emission reductions, and renewables targets. This
includes the historic decision by Chancellor Angela Merkel to declare a moratorium
on the lifetime extension on nuclear power only three days after Fukushima and the
closure of the seven oldest reactors in Germany.5

Chapter 3 provides an historic account of the German coal industry over the last
70 years, a unique transformation process dominated by steady decline of an
industry that previously employed more than 700,000 people. One focus of this
historic case study therefore lies on the Ruhr area—Germany’s largest hard coal
mining area that was particularly hit by this economically driven transformation.
Likewise, in East Germany significant efforts were undertaken, after the
reunification, to smooth the transformation process, and to rescue the lignite industry
from the assault from West German competitors. The analysis is divided into the
quantitative consideration of the significance of coal for the energy system and the
regional economies, as well as an evaluation of implemented political instruments
accompanying the reductions in the coal sector. The political instruments on
regional, national and supranational level can be differentiated between measures
for the conservation of coal production, the economic reorientation in the regions as
well as easing negative social impacts. The good news for the upcoming final phase

5In fact, a narrow interpretation of the term energiewende would limit the actual “turn” to the 72 h
between the Fukushima accident (March 11, 2011), and the “Declaration of the energiewende,”
including the nuclear moratorium (March 14, 2011).
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out of coal in Germany is that the largest part of the transformation process is already
achieved. The analysis of past transformation processes of mining areas and energy
systems in Germany might provide other countries and regions with valuable lessons
of how to structure their upcoming coal phase-out period and therefore provides a
useful addition to the existing literature.

1.4.2 Part II: The Energiewende Underway in the Electricity
Sector

Part II leads us straight into the “engine room” of the energiewende, a process with
very concrete, hands-on technical, institutional, and economic issues. In this part, we
shed light on diverse facets of the energiewende based on our own research work,
official data and publications, and a survey of the literature. We address the main
issues at the heart of the energiewende, with a focus on the electricity sector:
decarbonization, the closure of nuclear plants, the focus on renewables, efficiency
targets, and infrastructure, and the emergence of coupling between the electricity,
transport, and heat sectors.

Decarbonization of the electricity sector and the phase-out of coal is a key
element of the energiewende addressed in Chap. 4; the objectives for GHG emission
reductions set out in the energy concept were 40% in 2020, 55% in 2030, 70% in
2040, and 80–95% in 2050 (base year: 1990). However, between 1990 and 2017,
this reduction was only 30%, and projections for 2020 hovered around a 33%
reduction. Due to the collapse of the European Union CO2-trading price, which
had fallen from an average €20/t to around €5/t, there was even a slight increase of
CO2 emissions in 2013 and 2014. Thus, the German government decided to develop
more focused national policy instruments to accompany European efforts and to curb
national coal consumption. This resulted in the Climate Action Program 2020 and
the subsequent longer-term Climate Plan 2050. The chapter discusses different
instruments, their economic effects on the electricity market, and concludes that
the decarbonization targets imply the phasing-out of coal in Germany in the 2030s.

Chapter 5 is dedicated to nuclear policies in Germany, a particularly controversial
field. The chapter focusses on the period between the first phase-out decision, taken
in 1998, and the second, final one, in June 2011. Immediately following the March
2011 Fukushima accident, a moratorium was decided on German nuclear power
plants, seven of which were shut down immediately; until 2022, all others will
follow. Looking back, the effects of the nuclear moratorium on the German and
Central-West European electricity markets were small, because ample generation
capacity was available to compensate for the loss of capacity. After the March 2011
moratorium, wholesale electricity prices increased slightly by €2–3/megawatt hours
(MWh), whereas the German net export surplus declined slightly. Germany turned
into a net exporter again in the subsequent year, 2012, when it showed record net
exports of 54 terawatt hours (TWh). The chapter also looks forward to 2022, when
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the last remaining reactors will close, and examines German nuclear policy in a
European context as well. While the closure of the nuclear power plants is irrevers-
ible from a political perspective, policies to structure and facilitate the process are
still needed, in particular with respect to the decommissioning of the plants and the
final storage of radioactive waste. Chapter 5 thus also provides an analysis of the
post-closure challenges, the uncertainties surrounding this process, and the financial
stakes and the expected timelines, which extend over centuries of dealing with the
legacies of nuclear power.

Chapter 6 looks in more depth at another focus of the energiewende: renewables
targets. As we observe, the targets defined in 2010/2011 have now been translated
into concrete policy measures. For example, the “scenario framework”—the plan-
ning document that the energy network regulator has to produce every year as a
framework for network development—covers renewables targets for a 20-year time
period, during which other fuels such as hard coal and lignite will be reduced. In
2017, the share of renewables in electricity production was 37%, with no signs of
instability of the system. Given the strong institutional framework, there seems to be
no obstacle to reaching the 2030 target of beyond 50%. The chapter also describes
the evolution of support schemes for renewables in Germany and the effects of
investment strategies in conventional and renewable capacity, as well as the costs
associated with this policy.

Energy efficiency is a crucial element of any low-carbon transformation process,
as the most cost-effective kilowatt hour (kWh) is an hour that is not used at all
(“saved”). Traditionally energy efficiency policies have had a difficult time gaining
support from both policy makers and the general public, and the “energy efficiency
gap”—the difference between observed consumption and a hypothetical reference
case—has been a topic of debate for some time. It comes as no surprise, therefore,
that energy efficiency policies are among the most challenging elements of the
energiewende. Chapter 7 focuses on energy efficiency, and reports that although
some successes have been observed in the reduction of primary and gross electricity
consumption, energy productivity improvements still lag behind the targets. A
significant gap remains with respect to the 2020 primary energy consumption target
(�20%), and further energy productivity increases are necessary to stay on track.
The chapter also describes specific approaches to energy efficiency in the construc-
tion, industry, and transport sectors, and provides concrete recommendations for
how to move this difficult reform process forward.

Chapter 8 focusses on the role of electricity transmission infrastructure in the
energiewende. The chapter analyzes approaches to and developments in the elec-
tricity network infrastructure, and asks if the glass is half full or half empty. In fact,
skeptics of the energiewende see transmission bottlenecks everywhere, whereas
optimists insist on the steady progress of the modernization and extension of the
high voltage grid in Germany. Our analysis tends to see the glass half full: Although
some expansion projects are behind schedule, grid reconstruction is advancing
steadily, thanks to the considerable progress made in recent years on several
essential lines connecting the states of the former East and West Germany. Conges-
tion management measures, in particular redispatch, have been necessary, but have
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caused no major problems to the system. We even observe that the current method-
ology for the long-run grid expansion planning tends to overestimate expansion
needs because it assumes a “copper plate” when siting generation. The chapter
concludes that while electricity transmission is an important element of any reform
process, the debates around network expansion have exaggerated the potential
pitfalls, and the focus should be on sustainable electricity generation.

Chapter 9 extends the analysis of electricity sector reform to other important
sectors of the energiewende. The first stage of the energy transformation was
characterized by the nuclear phase-out and the parallel endeavor to decarbonize
the German electricity sector. Yet, in order to reach the climate goal of a 40%
reduction in greenhouse gases by 2020, with an additional 80 to 95% reduction in the
coming decades until 2050, the second stage needs to focus on all energy usage,
especially heat, transportation, and usage as a raw material in the chemical industry.
Enhancing energy efficiency, reducing primary energy usage until 2050, and the
increased use of renewable power from wind and photovoltaics is the predominant
strategy to further decrease greenhouse gas emissions in all energy sectors. How-
ever, this strategy requires an increased coupling of energy sectors and is the corner
stone for an integrated approach, activating additional degrees of freedom in the
energy system facilitating the further integration of renewable energy sources. The
chapter sketches out the technical-economic foundations of sector coupling, and then
compares different analyses for Germany. While these differ in the level of detail,
they all consider ambitious climate targets to be feasible, provided that appropriate
institutions and incentives be put in place. Consequently, the distinct energy sectors
coalesce and have to be assessed in an integrated way.

1.4.3 Part III: The German Energiewende in the Context
of the European Low-Carbon Transformation

The German energiewende is not a national phenomenon: it is taking place within an
increasingly integrated European market and in the context of close relationships to
Germany’s “electrical neighbors”. The very nature of the interconnected European
electricity system means that the reform process in Germany has effects on the
broader European market, including price effects, cross-border flows, and the shar-
ing of backup capacity. In return, the German electricity sector is affected by
developments in its neighboring countries, be they EU members or not. Part III of
the book therefore addresses important questions concerning the interdependence
between the German energiewende and the European low-carbon transformation
reform process at large.

Chapter 10 analyzes the electricity mix in the European low-carbon transforma-
tion and highlights similarities to and differences from the German energiewende.
The European Union, too, has set ambitious decarbonization targets (�40% GHG
emissions by 2030,�80 to 95% by 2050), but the EU’s current roadmap to attaining
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them is different from that of the German energiewende, since it still includes high
shares of fossil fuels (with carbon capture) and nuclear energy. The chapter first
reviews the broad trends in European energy and climate policy since the 1950s,
explaining that the European electricity mix was based on coal and nuclear from the
beginning, through the 1951 Treaty of the European Coal and Steel Community
(ECSC) as well as the 1957 EURATOM Treaty. The chapter then takes a closer look
at the 2030 and 2050 targets, at instruments such as the European Emission Trading
System (ETS), and at the fuels that will be used to attain these targets: conventional
fossil fuels, nuclear, and renewables. In particular, we ask whether the Energy
Roadmap 2050, the analytical basis of the strategy, properly reflects recent techno-
logical developments in Europe and elsewhere. For instance, the continued use of
coal electrification was based on the assumption that a clean and economic technol-
ogy known as Carbon Capture, Transport, and Storage (CCTS) would be available
soon, and despite considerable research and development (R&D) and demonstration
attempts, these projects have not brought about significant progress so far. Nuclear
power has high and rising private costs and by far the highest social costs of all
energy sources, due not only to high capital costs and unknown costs of long-term
storage of nuclear waste, but also to the risks of accidents, which no market has been
able to insure. Two of the post-World War II nuclear countries, the UK and France,
have expressed serious intentions to build new nuclear power plants, which we
explain by the synergy effects they expect to reap from the civil and military use of
nuclear power. Renewable energy sources offer not only the cleanest but potentially
also the most economical alternative for many Member States, a development that
has not been given adequate consideration in the European scenario process to date.

Chapter 11 analyzes the importance of infrastructure for the European low-carbon
energy transformation. In this area, “easy” solutions surface frequently in the
scientific and policy communities, but implementation on the ground has proven
to be much more difficult. Thus, during the first years of the energiewende, a large
number of pan-European “supergrid” projects were proposed, including electricity
highways stretching from Saudi Arabia to Iceland, and from Morocco to the Arctic
Circle. However, none of these mega-projects has materialized, and more realistic,
more focused, and less complex solutions need to be found and developed. Using
our own modelling results, as well as a large model comparison in the framework of
the international Energy Modeling Forum No. 28 (“The Effects of Technology
Choices on EU Climate Policy”) subgroup on infrastructure, we discuss alternatives
to the pan-European infrastructure development plans in three critical sectors:
electricity transmission, natural gas, and CO2-pipeline infrastructure. It turns out
that the finding for the German electricity network infrastructure (Chap. 8) can, to a
certain extent, be transposed to the European level: energy infrastructure can help the
low-carbon transformation, but is not really a critical factor thus far.

Chapter 12 discusses how the German electricity sector and energiewende fits
into the regional and European context. The chapter also draws some general
conclusions on the role of cross-border and other cooperation in the German
energiewende and the European low-carbon transformation. Very different forms
of cooperation can be observed, ranging from bilateral mechanisms (e.g., Austrian
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