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Abstract
The option of adapting to climate change is becoming more important in climate change policy.
Hence, responding to climate change now involves both mitigation to address the cause and adaptation
as a response to already ongoing or expected changes. These changes are also of relevance for the
energy sector in Germany. An energy sector that in the course of the German “Energiewende”, also
has to deal with a fundamental shift in energy supply from fossil fuel to renewable energies in the next
decades. Based on a synthesis of the current knowledge regarding the possible influences of climate
change on the German energy sector along its value-added chain, the paper points out, that the
possible impacts of a changing climate should be taken into account in the upcoming infrastructure
projects in the course of the Energiewende. The main question here is, whether adaptation options will
be implemented voluntarily by companies or not. The paper argues that this has to be the case, when
the measure is a private good. If, on the contrary, the measure is a public good, additional incentives
are needed. For the German energy sector, the paper shows, that governmental intervention are for
example justifiable regarding measures to adapt the grid infrastructure as a critical infrastructure that
needs to be protected against current and future impacts of climate change.
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1. Introduction
The option of adapting to climate change is becoming more important in climate change policy.
Hence, responding to climate change now involves both mitigation to address the cause and adaptation
as a response to already ongoing changes (IPCC 2014). These changes are also expected to have
relevance for the current and future energy sector in Germany.

When talking about climate change impacts and the energy sector, it is important to have in mind, that
Germany has to deal with a fundamental shift in energy supply – the so called “Energiewende”.2 The
current energy system – mostly still based on nuclear power, coal, oil, and gas – will be replaced by an
energy supply based on renewable energies. This issue of energy supply has been a controversial
political issue in Germany for a long time – in its beginnings even back to the 1970s (Leidreiter et al.
2013). In particular, the use of nuclear energy has been the subject of intense controversy for decades.
But since the 2011 policy decisions in the wake of massive public outcry after Fukushima, both the
phase-out of nuclear energy by 2022 and specific targets for renewable energy development in the
electricity sector are fixed by law (Leidreiter et al. 2013). The Energiewende’s main targets in the
power sector are an electricity supply that will consist of at least a share of 80% of renewable energies
by 2050. Intermediate targets are a share of at least 35% by 2020, at least 50% by 2030, and at least
65% by 2040. Furthermore the primary energy consumption should – compared to 2008 – be reduced
by 20% until 2020 and by 50% until 2050. Additionally supporting this renewable energy commitment
are the “Integrated Energy and Climate Programme” (German Federal Ministry for the Environment,
Nature Conservation, Building and Nuclear Safety 2007) as well as ambitious greenhouse gas
reduction targets of 40% until 2020 and 80-95% until 2050 compared to 1990.

The Energiewende in the power sector is mainly a result of the expansion of wind and solar energy
production, making it the second largest source of electricity in 2012 (23.6% share in gross electricity
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A very good overlook on the Energiewende is prepared by “Agora Energiewende”, a German think tank and
policy laboratory that focuses on dialogue with energy policymakers regarding the energy transition in Germany:
http://www.agora-energiewende.org/topics/the-energiewende/
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consumption). 3 Their share of renewable electricity production in 2020 will be around 70%, and after
that rise to 80 to 90%. This development will fundamentally change Germany’s power system and the
electricity market, because wind power and photovoltaic are fundamentally different from
conventional energy sources. Their production of electricity depends on the weather and is changing
during the day, whereby they have relatively high investment costs, but almost no operating costs
(German Federal Ministry for Economic Affairs and Energy 2014).

Thereby it needs to be considered that the energy sector is one critical infrastructure in the European
Union that needs to be protected (EC 2008). Critical infrastructures can be defined as “organisations or
facilities of special importance for the country and its people where failure or functional impairment
would lead to severe supply bottlenecks, significant disturbance of public order or other dramatic
consequences.” (German Federal Office of Civil Protection and Disaster Assistance 2014). Energy
supply is a central area of critical infrastructures which, in case of breakdown or disruption, can also
have an immediate and high impact on other sectors and the whole society. Therefore also the German
Federal Office of Civil Protection and Disaster Assistance – responsible for critical infrastructure
protection – points out that, in the event of a serious nation-wide longer interruption of the energy
supply, appropriate prevention and reaction strategies should be available in order to keep
consequences to a minimum and to reduce the society’s vulnerability. In addition, existing weaknesses
and vulnerabilities should be identified and analysed with respect to the resulting risk. In this context,
appropriate and universal safety requirements should be developed accompanied by the suggestion of
concrete policies for the reduction of existing vulnerabilities. Thereby also in Germany the focus
currently still is on dangers of terrorist attacks (German Federal Ministry of the Interior 2006), but
other dangers like natural disasters are already briefly mentioned.

Regarding the adaptation to climate change, the main question is, whether adaptation options will be
implemented voluntarily by companies or not. This will be the case, when the measure is considered a
3

All of the other renewable-energy technologies in Germany are either more expensive or have only limited
potential for expansion.
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private good and is economically beneficial (i.e. benefits outweigh costs). If, on the contrary, the
measure is considered a public good, additional incentives are needed. Additional incentives could
either be legal obligations or other governmental interventions like subsidies, taxes etc.

The paper discusses the need for government interventions and legal obligations regarding adaptation
strategies within the framework of the German “Energiewende”. It is structured as follows. In the
second section, current knowledge of possible vulnerabilities of the energy sector is briefly described
along its value-added chain. In the third section the concepts of mitigation and adaptation are
introduced and it is argued when, and under which conditions, adaptation measures are taken
voluntarily, and when additional regulations and incentives are both needed as well as justified from
an economic point of view. The fourth section discusses whether actors in the energy sector should be
confronted with government interventions regarding their efforts to adapt to climate change, whereby
some possible examples will be briefly outlined. Section five concludes.

2. Vulnerabilities of the energy sector in Germany
According to current projections the major trends of several different climate models show an increase
in annual mean temperatures by 1.0 to 2.0 °C for the 30 year period from 2021 until 2050 and 2.2 to
up to 4.0 °C for the period from 2071 until 2100 in Germany. It is expected to be wetter during winter
and drier during summer, while the annual mean precipitation remains almost constant. Increases of
extreme weather events like storms, heat waves, droughts, lightning and heavy rains are to be expected
in occurrence and intensity (Jacob et al. 2013). These climatic changes will have several impacts on
energy infrastructures, i.e. power plants, distribution facilities like grids and pipelines, and extraction
facilities like offshore platforms or opencast pits (Cortekar and Groth 2013).

The first part of the value-added chain – extraction and transport of primary energy sources to the
power plants – is only slightly affected by climate change. Occurring phenomena like low (or high)
water levels on rivers might hamper resource transports to power plants via ship but power plants are
4

usually holding reserves and, in addition, resources can be transported on roads or railways. The
energy sector will most likely be affected on the second and third part of the value-added chain, in
particular power generation in thermal power plants and almost all parts of distribution facilities like
overhead transmission lines, utility poles, and power transformers (Cortekar and Groth 2013).

Figure 1: Energy sector – value-added chain (Cortekar and Groth 2013).

Thermal power plants will particularly be affected by the ambient air temperature of a power plant as
well as the availability and temperature of cooling water (Altvater et al. 2012). The ambient air
temperature negatively influences the degree of efficiency of thermal power plants in general. This
effect, however, appears highest considering gas-fired power plants. Even though, efficiency losses are
low, they are economically perceptible. Besides efficiency losses due to high ambient temperatures,
thermal power plants are prone to the availability and temperature of cooling water which is mostly
taken from rivers. Lignite-fired power plants are an exception since the cooling water in their cases is
mostly groundwater taken from the usually nearby opencast pits which makes them independent from
fluvial water. Hard-coal fired plants, gas-fired plants and nuclear power plants in contrast usually take
their cooling water from rivers. These kinds of power plants are affected in two ways during heat
waves: firstly, water availability decreases in general and secondly water temperature increases. This
is problematic since the discharged cooling water is not allowed to exceed a specific temperature. The
combination of these two effects can result in curbing power plants. Even though modern thermal
5

power plants are usually equipped with own cooling facilities like cooling towers, most of the older
power plants are not (Cortekar and Groth 2013).

The third part of the value-added chain is consistently attributed the highest vulnerability. Direct
physical impacts and damages to the transmission and distribution grids, utility poles, power
transformers, and relay stations are expected, due to more intense extreme weather events like storms,
floods or thunderstorms. Furthermore fundaments of utility poles can be eroded and relay stations or
power transformers can be flooded, which might cause short circuits etc. Besides these impacts
causing damage to the physical infrastructure, there might also occur efficiency losses in electricity
transmission due to very high or very low temperatures. While vulnerabilities in power generation
primarily result in efficiency losses, interferences on the grid level could cause power outages with
cascade effects influencing other sectors of society and economy (Cortekar and Groth 2013). At best
these outages are limited to a small region and a short time. But at worst they can affect very large
regions and last for several days, like in 2003 in Canada and the United States. Even though the outage
was not caused by climate change in this case, it shows the vital energy sector importance as a critical
infrastructure. What happened? On August 14 2003 large portions of the Midwest and Northeast
United States and Ontario, Canada, experienced an electric power blackout. The outage affected an
area with an estimated 50 million people and 61,800 megawatts (MW) of electric load in the states of
Ohio, Michigan, Pennsylvania, New York, Vermont, Massachusetts, Connecticut, New Jersey and the
Canadian province of Ontario. The blackout began a few minutes after 4:00 pm, and power was not
restored for 4 days in some parts of the United States. Parts of Ontario suffered rolling blackouts for
more than a week before full power was restored. Estimates of total costs in the United States range
between $4 billion and $10 billion (U.S. dollars). In Canada, gross domestic product was down 0.7%
in August, there was a net loss of 18.9 million work hours, and manufacturing shipments in Ontario
were down $2.3 billion (Canadian dollars) (U.S.-Canada Power System Outage Task Force 2004).

6

3. Economics aspects of adapting to climate change
There are two important questions under the prevailing circumstances: how can facilities be adapted to
climate change impacts, and will measures be taken voluntarily or are additional incentives necessary
and justifiable? From an economic point of view, markets are considered a superior coordination
instrument, also recognizing uncertainties and changing conditions. Under specific conditions,
however, the market fails to do so; forms of market failure are for instance public goods, externalities,
institutional or behavioral barriers and regulatory barriers (Heuson et al. 2012). 4 If one or more of
these economic reasons occur, the market is not able to provide the right information for individual
decision-making and, in our case, could result in non- or maladaptation.

In politics, adaptation is often seen as opposite to climate protection (aka “mitigation”). Mitigation
aims to implement policies that stabilize the concentration of greenhouse gas in the atmosphere by
reducing their emissions and enhancing greenhouse gas sinks (IPCC 2007a). There are two major
differences between adaptation and mitigation in terms of their spatial and time scales. While
adaptation actions are taken on a local and regional level to prevent something that will probably
happen in the future, mitigation efforts have to be taken on a global scale to reduce emissions today.
This, from an economic point of view, has an important implication: While mitigation is a public good
– measures will be implemented by one economic actor or a group of actors (e.g. the whole energy
sector) which have to carry all costs, while the effects benefit the society as a whole on a global scale –
adaptation mostly is a private good. This will be made clear referring to what is stated in chapter two,
i.e. power generation and grids.

There are different measures available to adapt power generation facilities to the cooling water issues
and make them independent from the availability and temperature of fluvial waters. New power plants
can be planned and built with different cooling technologies; older and still operating plants can be
retrofitted. These measures are considered private goods because the power plant operator has to carry
4

For a more detailed analysis of the different types of market failures in the context of adaptation see Heuson et
al 2012, chap. 4.
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the costs but also all benefits (i.e. reduced efficiency losses) resulting from these measures will occur
to him. Thus, it is in his interest to keep the efficiency losses as low as possible. The decision to be
made is limited to the question, whether the benefits outweigh the costs or not. While numerous
studies are available in which costs for power outages are approximated (not necessarily related to
climate change impacts), only one study has been conducted for Germany so far, in which costs and
benefits had been taken into account. Calculations suggest that overall cost for additional cooling
systems in Germany are expected to be between €4 and €8 million annually while benefits are
expected to be €10 to €20 million resulting in a cost-benefit-ratio of about 2.5 (Tröltzsch et al. 2012).

In comparison to power generation, the different measures available to adapt grids to climate change
are usually (national 5) public goods (Cimato and Mullan 2010). While costs incur by grid operators,
the measures are beneficial to customers, i.e. private households, business companies etc. since they
do not have to suffer climate change related power outages. According to economic theory supply with
public goods is suboptimal because private companies – i.e. grid operators – have no possibility to refinance all adaptation investments since no customer can be excluded and thus will not make specific
monetary contributions to the provision. Consequently, no adaptation measure will be implemented
privately leading to a suboptimal level of autonomous adaptation. Additionally, costs for adapting
existing grids (without building new power lines) in Germany are calculated to be around €1 billion
annually while benefits are calculated between €10 to €200 million, leading to a cost-benefit-ratio of
about 0.01 to 0.2 (Tröltzsch et al. 2012). Thereby adapting energy infrastructure to climate change
needs to be considered in different ways. When it comes to building up new infrastructure, its
resilience can be ensured by locating, designing and operating an asset with the current and future
climate in mind. This is particularly important in the case of large infrastructure with a long lifespan
and investment decisions also influencing future generations. Existing infrastructure can be made
more climate-resilient by retrofitting and/or ensuring that maintenance regimes incorporate resilience
to the impacts of climate change over an asset’s lifetime. Possibly adaptation options or strategies are

5

Cimato and Mullan (2010) differentiate between global, national and local public goods.
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for example the strengthening of overland lines to make them better able to withstand extreme weather
events or to speed up investment in underground cables to replace overhead transmission lines (EC
2013).

While talking about cost-benefit-assessments of adaptation measures, it becomes clear that economic
science plays a key role in providing policy makers with data on the costs and benefits of adaptation
measures in order to create a sound decision-making basis for efficiently using scarce budgets.
However, so far, the bulk of cost and benefit assessments pursues a top-down-approach. That is, the
required data is generated by downscaling cost and benefit estimations of global impact assessment
models to a specific region. However, this procedure is often criticized for being inappropriate and
vague, since it does not account for the heterogeneous and highly context-dependent character of
adaptation measures and adaptation costs and benefits. In this regard, bottom-up assessments seem to
be a promising alternative, as they address the specific local or regional problem-setting in which the
adaptation takes place. Since the bottom-up approach is in a rather early stage and thus faces various
methodological problems, there is a strong need for synthesizing and advancing the respective
research efforts, or even more, for developing a proper research strategy (Heuson et al. 2012).

For this reason, the Climate Service Center, the Helmholtz Center for Environmental Research (UFZ)
and the Federal Environment Agency of Germany (UBA) initiated two workshops in Germany on the
economics of climate change adaptation. These workshops brought together participants from science,
policy and other stakeholders. By comparing and analyzing the case-studies, three major overarching
methodological challenges could be identified. First of all, there is no comprehensive concept for
evaluating and quantifying the economic vulnerability of specific regions or sectors, which is however
a prerequisite for identifying, assessing and prioritizing adaptation measures. Existing approaches
either try to estimate the vulnerability on the basis of qualitative plausibility checks or refer to the
economic importance of the sectors (in terms of their contribution to the GDP) and their dependence
on water and energy inputs, because those usually are especially affected by changing climatic
9

conditions. While the first approach fails to produce reliable numbers, the second tends to neglect
highly vulnerable sectors, such as the insurance industry. Thus, there is a strong need for advancing
research in this field. Another very fundamental challenge comes up with the question how to exactly
define adaptation measures and how to isolate them from other (policy) measures, e.g. in terms of
infrastructure or nature conservation. Knowing the precise adaptation part of any measure is of vital
importance for optimally allocating resources across the various political fields of actions. Finally, the
analysis has underlined the limits of the cost-benefit-analysis, stemming from information problems
and methodological shortcomings in evaluating the costs and benefits of non-market goods, such as
health or biodiversity. Nevertheless, the cost-benefit criterion will still play an important role in
providing guidance for the ranking and prioritization of adaptation measures. But it has to be
combined with other criteria, e.g. in terms of specific policy goals or robustness and flexibility, in
order to create a sound basis of decision-making. 6

To sum up, according to the current state of knowledge and based on general economic arguments,
adaptation measures will most probably be implemented voluntarily by power plant operators,
measures to adapt grids will not. Governmental interventions in this case are justifiable. The question
to be asked is what instruments and government intervention are available?

There are several systematisations for instruments and governmental interventions in the field of
climate. OECD (2008) for example categorize according to purpose or intention of the intervention.
Cimato and Mullan (2010) differentiate by types of interventions; others do so by the underlying
climate change impact and others by sector (IPCC 2007b). Anyway, the catalogue of (economic)
instruments and governmental interventions itself is as long as the approaches to systematize them and
includes market-based instruments like subsidies, taxes, licenses, or more recent ones like the
payments for ecosystem services approach, financial instruments like loan guarantees, public private
6

The workshop documentation and all presentations (in German) are provided online: http://www.climateservice-center.de/033252/index_0033252.html.de
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partnerships (especially for large infrastructure projects), and risk financing instruments. Besides these
economic approaches, legal obligations and other regulations could be used to foster adapting grids to
possible climate change impacts.

4. Government interventions and legal obligations to foster the adaptation to climate change
4.1 The political framework
Currently, various countries have already initiated a process of adaptation by drafting strategies or
catalogues of measures. Climate change is viewed as a complex set of risks and opportunities, the
impacts of which vary between regions and sectors. The aim of climate adaptation is to reduce the
related negative costs and impacts of climate change and to take advantage of any new potential
opportunities that may by adjusting to a changing climate (Heuson et al. 2012). The growing relevance
of adaptation is also reflected in new regulations addressing critical infrastructures. For example, in
the “Council Directive on the Identification and Designation of European Critical Infrastructures and
the Assessment of the Need to Improve their Protection”, the European Council identifies the energy
sector as one critical infrastructure in the European Union (EC 2008). The sector thereby can be split
into subsectors like the electricity subsector, which includes infrastructures and facilities for
generation and transmission of electricity in respect of supply electricity.

For the case of adapting to climate change, the “EU Strategy on Adaptation to Climate Change” builds
the framework on the European level. The intention is to encourage and support action in three
priority areas: promoting and supporting actions by member states, promoting adaptation in key
vulnerable sectors at EU level, and ensuring better-informed decision-making. The strategy builds
upon the 2009 white paper on adaptation, which foresaw the elaboration of an EU-wide strategy by
2013. Most actions included in the white paper had been implemented by the end of 2012. The
adaptation strategy is a package of documents and takes stock of these initiatives and seeks to build on
them. The main political document is a communication that sets out actions to be taken in the three

11

priority areas mentioned above. 7 The energy sector infrastructure is part of the working document
“Adapting Infrastructure to Climate Change” (EC 2013). Besides an overview of climate risks and
impacts on the energy infrastructure in Europe, the paper also discusses instruments and financings
provided by the European Union to make Europe's infrastructure more climate resilient. Thereby
mentioned as the most important type of instrument used to regulate infrastructure sectors are
standards at EU level taking into account possible impacts as well as guidelines for climate-proofing
infrastructures. Financing the adaptation of existing and the climate-resilient construction of new
infrastructure is seen by the EU as a major challenge since this investment need cannot be met by
traditional sources of public financing alone. The EU identifies a significant infrastructure investment
gap and points out the need to bridge it by both the public and the private sector, including
institutional investors. Most interesting is the EUs will to step up its efforts in financing climateresilient infrastructures in the current budgetary period. Thereby a minimum of 20% of the overall
2014-2020 EU budget will go in climate-related investments. The proposed funding plan is intended to
speed up long-term investments in roads, railways, energy grids, pipelines and high-speed broadband
networks.

Regarding the adaptation to climate change, the political framework in Germany mainly consists of
the “German Strategy for Adaptation to Climate Change” (The German Federal Government 2008).
and the “Adaptation Action Plan for the German Strategy for Adaptation to Climate Change” (The
German Federal Government 2012). The “German Strategy for Adaptation to Climate Change” creates
the framework for a medium-term national adaptation process, in which the risks of climate change
will be progressively identified, the actions that may be necessary specified, appropriate objectives
defined, and possible adaptation measures developed and implemented. It aims to reduce the
vulnerability to the consequences of climate change, to maintain or improve the adaptability of natural,
social and economic systems, and to take advantage of opportunities. To facilitate a precautionary
approach to sustainable planning and action in the private, scientific, business and public sectors it
7

The full EU Adaptation Strategy Package is available at:
http://ec.europa.eu/clima/policies/adaptation/what/documentation_en.htm
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points out the need to i) improve the knowledge base by better defining and communicating
opportunities and risks as well as options for action, ii) create transparency and participation by means
of communication and dialogue as well as decision support, iii) support public awareness raising and
information, iv) develop strategies for dealing with uncertainty (The German Federal Government
2008).

The “Adaptation Action Plan for the German Strategy for Adaptation to Climate Change” describes
the objectives and options for action laid down in the “German Adaptation Strategy” with specific
activities to be carried out by the German Federal Government in the years to come. Regarding the
creation of frameworks by the Federal Government it points out, that many adaptation measures are
directly or indirectly influenced by the framework conditions put in place by the German Federal
Government. Therefore suitable framework conditions can help to develop and strengthen adaptive
capacities. By the “Adaptation Action Plan for the German Strategy for Adaptation to Climate
Change” the German Federal Government points out that it aims at strengthening of adaptive
capacities and self-provision, and ensuring that existing instruments for the creation of frameworks are
improved appropriately. Furthermore it will seek to ensure that the requirements of adaptation are
taken into consideration by the self-regulating bodies responsible for standardization and the
development of technical rules (The German Federal Government 2012).

However, as of now, there are currently no actual government interventions by legal obligations or
economic instruments implemented in Germany regarding the adaptation to a changing climate within
the energy sector or within the existing framework for the German Energiewende.

Within its “Climate Change Act 2008” (UK Government 2008) the United Kingdom makes legal
arrangements about climate change mitigation and adaptation. It sets the requirements for the “Climate
Change Risk Assessment“ (Defra 2012a), the “National Adaptation Programme” (Defra 2013a) and
the “Adaptation Reporting Power” (Defra 2014). Within Part 4 – impact of and adaptation to climate
13

change – of the “Climate Change Act 2008” the Secretary of State has been conferred powers by
section 62(1) to direct certain persons or bodies – so called reporting authorities – to give reports about
adaptation to climate change. This applies to organizations that are responsible for essential services
and infrastructure, like energy or transport companies. So the government argues that it is important to
know that these organizations are planning to respond to climate change as part of their risk
management processes. Obligations for the energy sector as critical infrastructure are to prepare
reports on how they assess and act on the risks and opportunities from a changing climate. The
reporting mainly covers an assessment of the current and predicted impacts of climate change in
relation to the reporting authority’s functions, as well as a statement of the reporting authority’s
proposals and policies for adapting to climate change in the exercise of its functions and the timescales for introducing those proposals and policies (Hendel-Blackford 2012). 8 In the first round of
reporting the strategy focused on major infrastructure providers from the energy, transport and water
sectors. It was completed in March 2012, and the related reports have been published (Defra 2012b).
The energy sector was a crucial sector in the first round of reporting. It includes organizations
responsible for electricity generation, transmission and distribution, as well as gas transportation, and
the sector regulator Ofgem.
The adaptation plan reports from key infrastructure providers in response to directions to report under
the “Climate Change Act 2008” show, that they made a contribution to raising understanding of
adaptation and increasing action. It raised adaptation to the board level and in many cases embedded
climate change risks within organisations’ corporate risk management procedures. It also shows that
organisations are already adapting to climate change and mitigating their specific climate change risks.
In the current second round, however, the government is now using a voluntary approach to reporting.
The Secretary of State will invite key organisations to report an assessment of their current and
predicted climate change risks and opportunities as well as a programme of adaptation measures. The

8

Information on guidance for climate change adaptation reporting is provided online:
https://www.gov.uk/government/publications/climate-change-adaptation-reporting.
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invitation process started in winter 2013-2014 and reports will be delivered until 2016 in accordance
with individual agreed timescales (Defra 2013b).
Some general challenges that remain are the fact that the reportings still only comprises the risks and
opportunities the organisations identified themselves. There is no cross-check if this actually fits with
climate change impacts to be expected on a scientifically sound basis. So companies might also use
the reportings to present themselves in a most positive way, without reporting about all of the real
impacts they are and will be confronted with. Also the plans for monitoring and evaluating adaptation
effectiveness are still not clear. There still is a need to explore interdependencies to a greater extend
(Hendel-Blackford 2012). Furthermore it now becomes quite obvious in this second phase, that the
“Adaptation Reporting Power” no longer remains a legal obligation, since it is now a voluntary
approach to reporting. And therefore it actually is more like what the CDP does for investors. 9 Hence
it will be interesting to analyse how the reportings will change from the first to this second phase until
2016.

4.2 Possible government interventions and legal obligations
As pointed out above, it is the energy infrastructure that will mainly be influenced by climate change
impacts. But if we now talk about possible incentives or regulations for adapting to climate change, it
is important to understand the regulatory background regarding grids in Germany. While the German
energy sector was characterized by economic protectionism for the majority of the 20th century,
statutory orders of the European Union require free access and non-discriminatory prices for gridbased transport of energy since the 1990s. The resulting regulatory tasks are managed by the Federal
Network Agency for Electricity, Gas, Telecommunications, Post and Railway (Bundesnetzagentur,
BNetzA) which holds all national grid-related competencies since 2005. The corresponding law
(Anreizregulierungsverordnung, ARegV) came into force in June 2007 (German Federal Ministry for
Economic Affairs and Energy 2007). Aim of this legally codified regulatory regime is the
9

The climate change program reports by the CDP are provided online: https://www.cdp.net/enUS/Results/Pages/All-Investor-Reports.aspx.
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determination of prices, which were achieved as a result of competition. The regulated revenues are
supposed to provide cost coverage plus a pre-defined return on equity on the one hand, and to
stimulate efficiency gains and further investments in the grid industry on the other hand. Therefore one
possibility to be discussed would be a regulatory government intervention by including incentives for
investments in order to build up a more resilient and climate-proof infrastructure. Since the Federal
Network Agency is required to submit a report containing an evaluation and suggestions for further
refinement of the current incentive regulation to the German Federal Ministry of Economics and
Technology until the end of 2014, also new criteria taking into account the adaptation to climate
change should be discussed from the beginning of 2015 on.

Additionally discussed in the near future should also be the use of the current German solidarity
surcharge (Solidaritätszuschlag) for financing the specific parts of critical infrastructure investments
related to climate change adaptation. The solidarity surcharge is an additional fee on income tax,
capital gains tax and corporate tax in Germany. It is a direct federal tax, so the tax revenue is fully
available for the Federal Government. The solidarity surcharge is to be paid by every natural and legal
person that owes one of the above-mentioned taxes in Germany. The solidarity surcharge currently is
5.50% of the tax payment for all taxpayers, which sums up to a specific tax revenue of about €14
billion per year. It was introduced in 1991 and was mostly justified by the costs of German
reunification and was introduced as a temporary additional tax. It has also often been the subject of
proceedings, where its constitutionality was always confirmed, even with regard to a permanent
existence. For its initial purpose it will run out in the next years, but there are clear politic signs that
this surcharge at principle will not be abolished. For a long time now there has been a controversial
discussion in Germany about ending the solidarity surcharge. The question is for what purposes it will
be used in the future. One might be supporting the provision of a climate resilient energy infrastructure
(as well as other critical infrastructures) in Germany. Thus, it would have to be paid by every natural
and legal person whereby the progressive effect of the income tax rate could be used. The question
remains, if it would be possible and politically acceptable to earmark the tax revenue to be spent for
16

this specific purpose. Furthermore it has to be made clear, that no private sector responsibilities would
be financed.

Also to be used to finance the provision of climate resilient critical infrastructures is the German
Energy and Climate Fund (“Energie- und Klimafonds”), a facility fed by revenues from the European
emissions trading scheme. Currently funds are spent for various support programmes relating to
energy efficiency, renewable energy, energy storage, energy-efficient renovation, national and
international climate protection as well as electro mobility – hence to climate change mitigation
(German Federal Ministry of Justice and Consumer Protection 2011). Currently there is already a
debate going on in Germany about the fund’s budget for the next years. This debate should also be
used to both think of additional ways of funding the Energy and Climate Fund as well as ways to
include the specific needs of climate change adaptation as part of the German Energiewende.

Also obligations for the energy sector to prepare reports on how they assess and act on the risks and
opportunities from a changing climate, as initiated in the UK by the “Climate Change Act 2008” could
be an appropriate way to prepare an assessment of the current and predicted impacts of climate change
for companies in the energy sector in Germany – especially according to the first round of reporting in
the UK.

Furthermore and on an informational level, possible climate change impacts for the energy sector and
possible solutions should to a greater and more detailed extend be included in future publications,
recommendations and guidelines for companies and government authorities provided by the German
Federal Office of Civil Protection and Disaster Assistance (2006; 2008).

5. Conclusion
The option of climate change adaptation is becoming more and more important in climate change
policy. Especially in view of the failure of international negotiations on climate protection and the
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improbability of a trend reversal in the climate changes that have already occurred, responding to
climate change now involves both mitigation to address the cause and adaptation as a response to the
changes.

Since the paper mainly deals with government interventions and legal obligations it is important to
finally underline the necessity of government intervention as well as the role of policy makers on
different governance levels in the adaptation process. Adapting to changing framework conditions is
surely not a novel phenomenon, but rather an ongoing task for all societies and economic players.
Governments and specifically national policy makers therefore play a key role in elaborating
adaptation strategies for the energy sector and support the implementation of measures against a
regional background of expected climate impacts. They need to ensure that mitigation targets and
according energy mixes are climate proofed and promote energy efficiency and sufficiency by
environmental policy instruments. On the European level, political decision makers must set a clear
focus on the European transmission grid safety, sufficient redundancies and cross-border connections.
Likewise, research on the energy sector vulnerability, measures to increase energy sector resilience
(e.g. investment in research on alternative storage technologies) and climate-proofing energy supply
should be promoted. Finally, it is important to mainstream adaptation of concrete measures into
mitigation policies.

Thereby the German energy sector is facing specific challenges and opportunities in the course of the
Energiewende. As it progresses towards an energy system more and more based on renewable
energies, it is reasonable to expect that risks related to climate change will generally decrease. Unlike
centralized conventional power plants, which can take days or weeks to power up after a storm, most
renewable power technologies can be turned on nearly immediately. The problem of cooling water for
thermal power plants will be reduced by modern renewable energies, many of which use little to no
water and none of which pollute water with warming or contaminants. With the exception of biomass,
which is affected by climate change due to effects on vegetation growth, and hydropower, which may
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be impacted by climate related drought, renewable energy sources also are not at risk of diminishing
significantly in a changing climate. Moreover, renewable energies can be implemented successfully in
every region, as Germany has shown with its rapid uptake.

However, the paper shows that the German energy sector is – and will be in the future – influenced by
climate change along its value-added chain. Therefore specific actors should in the near future be
confronted with new or increasing legal obligations and other government interventions regarding
their efforts to adapt to climate change. Thereby governmental interventions are for example
justifiable regarding measures to adapt the grid infrastructure. How these government interventions,
legal obligations or economic instruments should be designed and implemented, still remains highly
relevant future need for research.

References
Altvater, S. et al. (2012) ‘Adaptation Measures in the EU – Policies, Costs, and Economic
Assessment’, http://www.ecologic.eu/de/4827, access ed 30 October 2014.
Cimato, F. and M. Mullan (2010) ‘Adapting to climate change: analyzing the role of government,
Department

for

Environment,

Food

and

Rural

Affairs

(DEFRA)’,

http://archive.defra.gov.uk/environment/climate/documents/analysing-role-government.pdf,
access ed 30 October 2014.
Cortekar, J. and M. Groth (2013), Der deutsche Energiesektor und seine mögliche Betroffenheit durch
den Klimawandel – Synthese der bisherigen Aktivitäten und Erkenntnisse, CSC Report 14,
Climate Service Center, Hamburg, Germany.
Defra (2014) ‘Adaptation Reporting Power‘, https://www.gov.uk/government/policies/adapting-toclimate-change/supporting-pages/adaptation-reporting-power, access ed 30 October 2014.
Defra (2013a) ‘The National Adaptation Programme – Making the country resilient to a changing
climate’,

19

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/209866/pb1394
2-nap-20130701.pdf, access ed 30 October 2014.
Defra (2013b) ‘Adapting to Climate Change: Ensuring Progress in Key Sectors. 2013 Strategy for
exercising the Adaptation Reporting Power and list of priority reporting authorities’,
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/209875/pb1394
5-arp-climate-change-20130701.pdf, access ed 30 October 2014.
Defra (2012a) ‘UK Climate Change Risk Assessment 2012’,
http://randd.defra.gov.uk/Default.aspx?Module=More&Location=None&ProjectID=15747,
access ed 30 October 2014.
Defra

(2012b)

‘Adaptation

Reporting

Power:

received

reports’,

https://www.gov.uk/government/policies/adapting-to-climate-change/supportingpages/adaptation-reporting-power, access ed 30 October 2014.
EC (2013) ‘Commission Staff Working Document. Adapting infrastructure to climate change.
Accompanying the document Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the Committee of
the

regions.

An

EU

Strategy

on

adaptation

to

climate

change’,

http://ec.europa.eu/clima/policies/adaptation/what/docs/swd_2013_137_en.pdf, access ed 30
October 2014.
EC (2008), Council Directive 2008/114/EC of 8 December 2008 on the Identification and Designation
of European Critical Infrastructures and the Assessment of the Need to Improve their
Protection, Brussels.
German Federal Government (2012) ‘Adaptation Action Plan for the German Strategy for Adaptation
to Climate Change’,
http://www.bmub.bund.de/fileadmin/bmuimport/files/pdfs/allgemein/application/pdf/aktionsplan_anpassung_klimawandel_en_bf.pdf,
access ed 30 October 2014.

20

German Federal Government (2008) ‘German Strategy for Adaptation to Climate Change’,
http://ccsl.iccip.net/das_gesamt_en_bf.pdf, access ed 30 October 2014.
German Federal Ministry for Economic Affairs and Energy (2014) ‘Second Monitoring Report
“Energy of the future” – Summary’, http://www.bmwi.de/English/Redaktion/Pdf/zweitermonitoring-bericht-energie-der-zukunftkurzfassung,property=pdf,bereich=bmwi2012,sprache=en,rwb=true.pdf, access ed 30 October
2014.
German Federal Ministry for Economic Affairs and Energy (2007) ‘Verordnung über die
Anreizregulierung der Energieversorgungsnetze (Anreizregulierungsverordnung - ARegV)‘,
http://www.gesetze-im-internet.de/bundesrecht/aregv/gesamt.pdf, access ed 30 October 2014.
German Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety
(2007)

’Key

Elements

of

an

Integrated

Energy

and

Climate

Programme’,

http://www.bmub.bund.de/fileadmin/bmuimport/files/english/pdf/application/pdf/klimapaket_aug2007_en.pdf, access ed 30 October
2014.
German Federal Ministry of Justice and Consumer Protection (2011) ‘Gesetz zur Errichtung eines
Sondervermögens

„Energie-

und

Klimafonds“

(EKFG)’,

http://www.gesetze-im-

internet.de/ekfg/BJNR180700010.html, access ed 30 October 2014.
German Federal Ministry of the Interior (2006) ‘Protection of Critical Infrastructures – Baseline
Protection

Concept.

Recommendation

for

Companies’,

http://www.bbk.bund.de/SharedDocs/Downloads/BBK/DE/Publikationen/PublikationenKritis/
Basisschutzkonzept_engl.pdf?__blob=publicationFile, access ed 30 October 2014.
German Federal Office of Civil Protection and Disaster Assistance (2014) ‘Critical infrastructures.
http://www.bbk.bund.de/EN/Topics/CriticalInfrastructureProtection/criticalinfrastructureprote
ction_node.html’, access ed 30 October 2014.
German Federal Office of Civil Protection and Disaster Assistance (2008) ‘Protecting Critical
Infrastructures – Risk and Crisis Management (A guide for companies and government
21

authorities).
http://www.bbk.bund.de/SharedDocs/Downloads/BBK/DE/Publikationen/PublikationenKritis/
Protecting-CriticalInfrastructures.pdf;jsessionid=BCF952914C457BC46B2523D298F675B2.1_cid355?__blob=p
ublicationFile, access ed 30 October 2014.
German Federal Office of Civil Protection and Disaster Assistance (2006) ‘Protection of Critical
Infrastructures – Baseline Protection Concept (Recommendation for Companies)’,
http://www.bmi.bund.de/SharedDocs/Downloads/EN/Broschueren/Basisschutzkonzept_kritisc
he_Infrastrukturen_en.pdf;jsessionid=3DA565BF5DE1CDAD839BAEED493AD7FA.2_cid3
73?__blob=publicationFile, access ed 30 October 2014.
Hendel-Blackford, S. (2012), Legal Obligations on Adaptation – The energy sector as critical
infrastructure, Presentation held at the Parliamentary Hearing on 100% RE in European
Regions, Hurup Thy, Denmark.
Heuson, C., Gawel, E., Gebhardt, O., Hansjürgens, B., Lehmann, P., Meyer, V. and R. Schwarze
(2012), Fundamental Questions on the Economics of Climate Adaptation – Outlines of a New
Research Programme, UFZ-Report 05/2012, Leipzig, Germany.
IPCC (2014), ‘Summary for policymakers‘, in: Climate Change (2014) Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R.
Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O.
Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea,
and L.L. White (eds.)], Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA.
IPCC (2007a), ‘Summary for Policymakers’, in Climate Change (2007) The Physical Science Basis.
Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change, Cambridge University Press, Cambridge, United Kingdom, and
New York, NY, USA.
22

IPCC (2007b), Climate Change 2007 – Synthesis Report. Contribution of Working Groups 1, 2 and 3
to the Fourth Assessment Report of the IPCC, Geneva, Switzerland.
Jacob, D. et al. (2013), ‘EURO-CORDEX: new high resolution climate change projections for
European impact research’, Regional Environmental Change (14), 563-578.
Leidreiter, A., Moss, D. and M. Groth (2013) ‘From Vision to Action – A Workshop Report on 100%
Renewable

Energies

in

European

Regions’,

http://www.climate-service-

center.de/imperia/md/content/csc/workshopdokumente/csc_workshop-report_from-vision-toaction_a-workshop-report-on-100_-renewable-energies-in-european-regions.pdf, access ed 30
October 2014.
OECD (2008), Economic Aspects of Adaptation to Climate Change – Costs, Benefits and Policy, Paris,
France.
Tröltzsch, J. et al. (2012), Kosten und Nutzen von Anpassungsmaßnahmen an den Klimawandel –
Analyse von 28 Anpassungsmaßnahmen in Deutschland, Umweltbundesamt, Dessau,
Germany.
UK

Government

(2008)

‘Climate

Change

Act

2008’,

http://www.legislation.gov.uk/ukpga/2008/27/contents, access ed 30 October 2014.
U.S.-Canada Power System Outage Task Force (Hrsg.) (2004) ‘Final Report on the August 14 2003
Blackout in the United States and Canada – Causes and Recommendations, Washington,
Ottawa’,
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/BlackoutFinal-Web.pdf, access
ed 30 October 2014.

23

Working Paper Series in Economics
(recent issues)
No.314:

Ahmed Fayez Abdelgouad: Labor Law Reforms and Labor Market Performance in Egypt,
October 2014

No.313:

Joachim Wagner: Still different after all these years. Extensive and intensive margins of
exports in East and West German manufacturing enterprises, October 2014

No.312:

Joachim Wagner: A note on the granular nature of imports in German manufacturing
industries, October 2014

No.311:

Nikolai Hoberg and Stefan Baumgärtner: Value pluralism, trade-offs and efficiencies,
October 2014

No.310:

Joachim Wagner: Exports, R&D and Productivity: A test of the Bustos-model with
enterprise data from France, Italy and Spain, October 2014

No.309:

Thomas Wein: Preventing Margin Squeeze: An Unsolvable Puzzle for Competition
Policy? The Case of the German Gasoline Market, September 2014

No.308:

Joachim Wagner: Firm age and the margins of international trade: Comparable evidence
from five European countries, September 2014

No.307:

John P. Weche Gelübcke: Auslandskontrollierte Industrie- und Dienstleistungsunternehmen in Niedersachsen: Performancedifferentiale und Dynamik in Krisenzeiten,
August 2014

No.306:

Joachim Wagner: New Data from Official Statistics for Imports and Exports of Goods by
German Enterprises, August 2014

No.305:

Joachim Wagner: A note on firm age and the margins of imports: First evidence from
Germany, August 2014

No.304:

Jessica Ingenillem, Joachim Merz and Stefan Baumgärtner: Determinants and
interactions of sustainability and risk management of commercial cattle farmers in
Namibia, July 2014

No.303:

Joachim Wagner: A note on firm age and the margins of exports: First evidence from
Germany, July 2014

No.302:

Joachim Wagner: A note on quality of a firm’s exports and distance to destination
countries: First evidence from Germany, July 2014

No.301:

Ahmed Fayez Abdelgouad: Determinants of Using Fixed-term Contracts in the Egyptian
Labor Market: Empirical Evidence from Manufacturing Firms Using World Bank FirmLevel Data for Egypt, July 2014

No.300:

Annika Pape: Liability Rule Failures? Evidence from German Court Decisions, May 2014

No.299:

Annika Pape: Law versus Economics? How should insurance intermediaries influence
the insurance demand decision, June 2013

No.298:

Joachim Wagner: Extensive Margins of Imports and Profitability: First Evidence for
Manufacturing Enterprises in Germany, May 2014 [published in: Economics Bulletin 34
(2014), 3, 1669-1678]

No.297:

Joachim Wagner: Is Export Diversification good for Profitability? First Evidence for
Manufacturing Enterprises in Germany, March 2014 [published in: Applied Economics 46
(2014), 33, 4083-4090]

No.296:

Joachim Wagner: Exports and Firm Profitability: Quality matters!, March 2014 [published
in: Economics Bulletin 34 (2014), 3, 1644-1652]

No.295:

Joachim Wagner: What makes a high-quality exporter? Evidence from Germany, March
2014 [published in: Economics Bulletin 34 (2014), 2, 865-874]

No.294:

Joachim Wagner: Credit constraints and margins of import: First evidence for German
manufacturing enterprises, February 2014

No.293:

Dirk Oberschachtsiek: Waiting to start a business venture. Empirical evidence on the
determinants., February 2014

No.292:

Joachim Wagner: Low-productive exporters are high-quality exporters. Evidence from
Germany, February 2014 [published in: Economics Bulletin 34 (2014), 2, 745-756]

No.291:

Institut für Volkswirtschaftslehre: Forschungsbericht 2013, Januar 2014

No.290:

Stefan Baumgärtner, Moritz A. Drupp und Martin F. Quaas: Subsistence and
substitutability in consumer preferences, December 2013

No.289:

Dirk Oberschachtsiek: Human Capital Diversity and Entrepreneurship. Results from the
regional individual skill dispersion nexus on self-employment activity., December 2013

No.288:

Joachim Wagner and John P. Weche Gelübcke: Risk or Resilience? The Role of Trade
Integration and Foreign Ownership for the Survival of German Enterprises during the
Crisis 2008-2010, December 2013

No.287:

Joachim Wagner: Credit constraints and exports: A survey of empirical studies using firm
level data, December 2013

No.286:

Toufic M. El Masri: Competition through Cooperation? The Case of the German Postal
Market, October 2013

No.285:

Toufic M. El Masri: Are New German Postal Providers Successful? Empirical Evidence
Based on Unique Survey Data, October 2013

No.284:

Andree Ehlert, Dirk Oberschachtsiek, and Stefan Prawda: Cost Containment and
Managed Care: Evidence from German Macro Data, October 2013

No.283:

Joachim Wagner and John P. Weche Gelübcke: Credit Constraints, Foreign Ownership,
and Foreign Takeovers in Germany, September 2013

No.282:

Joachim Wagner: Extensive margins of imports in The Great Import Recovery in
Germany, 2009/2010, September 2013 [published in: Economics Bulletin 33 (2013), 4,
2732-2743]

No.281:

Stefan Baumgärtner, Alexandra M. Klein, Denise Thiel, and Klara Winkler: Ramsey
discounting of ecosystem services, August 2013

No.280:

Antonia Arsova and Deniz Dilan Karamen Örsal: Likelihood-based panel cointegration
test in the presence of a linear time trend and cross-sectional dependence, August 2013

No.279:

Thomas Huth: Georg von Charasoff’s Theory of Value, Capital and Prices of Production,
June 2013

No.278:

Yama Temouri and Joachim Wagner: Do outliers and unobserved heterogeneity explain
the exporter productivity premium? Evidence from France, Germany and the United
Kingdom, June 2013 [published in: Economics Bulletin, 33 (2013), 3, 1931-1940]

No.277:

Horst Raff and Joachim Wagner: Foreign Ownership and the Extensive Margins of
Exports: Evidence for Manufacturing Enterprises in Germany, June 2013

No.276:

Stephan Humpert: Gender Differences in Life Satisfaction and Social Participation, May
2013

No.275:

Sören Enkelmann and Markus Leibrecht: Political Expenditure Cycles and Election
Outcomes Evidence from Disaggregation of Public Expenditures by Economic Functions,
May 2013

No.274:

Sören Enkelmann: Government Popularity and the Economy First Evidence from
German Micro Data, May 2013

No.273:

Michael Berlemann, Soeren Enkelmann, and Torben Kuhlenkasper: Unraveling the
Relationship between Presidential Approval and the Economy – A Multi-Dimensional
Semi-Parametric Approach, May 2013

No.272:

Michael Berlemann and Sören Enkelmann: The Economic Determinants of U.S.
Presidential Approval – A Survey, May 2013

No.271:

Soeren Enkelmann: Obama and the Macroeconomy Estimating Social Preferences
Between Unemployment and Inflation, May 2013

No.270:

Anja Köbrich León: Does Cultural Heritage affect Employment decisions – Empirical
Evidence for Second Generation Immigrants in Germany, April 2013

No.269:

Anja Köbrich León and Christian Pfeifer: Religious Activity, Risk Taking Preferences, and
Financial Bahavior, April 2013

No.268:

Anja Köbrich León: Religion and Economic Outcomes – Household Savings Bahavior in
the USA, April 2013

No.267:

John P. Weche Gelübcke and Isabella Wedl: Environmental Protection of Foreign Firms
in Germany: Does the country of origin matter?, April 2013

No.266:

Joachim Wagner: The Role of extensive margins of exports in The Great Export
Recovery in Germany, 2009/2010, March 2013 [published in: Jahrbücher für
Nationalökonomie und Statistik 234 (2014), 4, 519-526]

No.265:

John-Oliver Engler and Stefan Baumgärtner: Model choice and size distribution: a
Bayequentist approach, February 2013

No.264:

Chiara Franco and John P. Weche Gelübcke: The death of German firms: What role for
foreign direct investment?, February 2013

No.263:

Joachim Wagner: Are low-productive exporters marginal exporters? Evidence from
Germany, February 2013 [published in Economics Bulletin 33 (2013), 1, 467-481]

No.262:

Sanne Hiller, Philipp J. H. Schröder, and Allan Sørensen: Export market exit and firm
survival: theory and first evidence, January 2013

No.261:

Institut für Volkswirtschaftslehre: Forschungsbericht 2012, Januar 2013

(see www.leuphana.de/institute/ivwl/publikationen/working-papers.html for a complete list)

Leuphana Universität Lüneburg
Institut für Volkswirtschaftslehre
Postfach 2440
D-21314 Lüneburg
Tel.: ++49 4131 677 2321
email: brodt@leuphana.de
www.leuphana.de/institute/ivwl/publikationen/working-papers.html

